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Foreword

It has long been repeated that the incidence of degenerative brain conditions such as
Alzheimer disease is highest in countries with the longest life expectancy. It goes
without saying, therefore, that as the conventional causes of early death and lifelong
poor health in developing countries is mitigated, degenerative diseases will come to
the fore and have the same devastating effect on people’s lives and on the lives of
their friends and families as they do in wealthier countries. What makes this book
remarkable is that 20 years ago such a conversation would have been considered
ridiculous or gratuitous. Now the problem of degenerative disease and brain injuries
is all too real in Africa and other developing areas of the world. Take, for example,
the recent WHO Global Burden of Disease Survey, which indicates that in low-
income countries, Alzheimer’s and other dementias have surpassed schizophrenia,
alcohol dependence, bipolar disorder, asthma and, most stunningly, cerebrovascular
disease in prevalence. At the same time, the health problems resulting from vitamin
and nutritional deficiencies, HIV, malaria, and other environmental and communi-
cable diseases remain in place.

The recognition of these epidemiologic shifts, coupled with the challenge of
limited resources, has led to international health being among the most desired
and highly subscribed opportunities in neurology, psychiatry and geriatric med-
icine residency programs. It appears that young people are voting with their feet
by indicating a deep interest in brain diseases that are extant outside of their
own countries.

When combined with the differing cultural norms of caring for the elderly
among regions of the world, these facts take on a fascinating significance that
will be of interest not only to physicians and epidemiologists, but to health plan-
ners, sociologists and anthropologists. By writing a book that crosses disciplines
and takes a high level approach to nervous system diseases in Sub-Saharan
Africa, Drs. Musisi and Jacobson have opened a new chapter in world neurology,



vi Foreword

psychiatry and medicine in general. And, by giving details from an “on the
ground” perspective in Mulago and places such as Kampala in Uganda, they have
added verisimilitude to what could have been a theoretical exercise. Instead, this
book springs to life with real problems, suffered by real people in an ever shrink-
ing circle of human kind.

Harvard Medical School, Boston, MA, USA Allan H. Ropper
Brigham and Women’s Hospital, Boston, MA, USA Raymond D. Adams



Preface

On the dates of February 1-3, 2012, a workshop conference was held at the scenic
Golf Course Hotel in Kampala, Uganda, with the title: “Brain Degenerations and
Emerging Mental Health Challenges in Sub-Saharan Africa”. The impetus for this
workshop originated from several meetings between Drs. Stanley Jacobson and
Seggane Musisi when Dr. Jacobson was a Fulbright Scholar in the Department of
Anatomy at the Makerere University College of Health Sciences in Kampala,
Uganda, from 2011 to 2012. After several discussions on the causes of brain degen-
eration in Uganda, Drs. Jacobson and Musisi decided to invite several world author-
ities on causes of brain degeneration to present papers at a conference alongside
Ugandan and other regional authorities on the subject. It was in this setting that
world leaders on dementia were invited, including Drs. John Trojanowski and
Virginia Lee from the University of Pennsylvania, who then came to Makerere
University in Uganda to present their findings on dementias. The focus of the work-
shop was to discuss brain degenerations and emerging mental health challenges in
Sub-Saharan Africa.

Makerere University in Kampala is Uganda’s largest and second-oldest higher
institution of learning in Africa, first established as a technical school in 1922. In
1963 it became the University of East Africa, offering courses leading to general
degrees from the University of London. In 1970 it became an independent national
university when the University of East Africa was split into three independent uni-
versities: University of Nairobi, University of Dar es Salaam and Makerere
University.

Makerere University Medical School is the oldest medical school in Eastern
Africa, having been part of the Makerere University, since 1924. The school pro-
vides medical education at diploma, undergraduate and postgraduate levels. Today,
Makerere University offers programs for about 30,000 undergraduates and 3,000
postgraduates and it consists of the following nine colleges:

* College of Agriculture and Environmental Sciences
* College of Business and Management Sciences
* College of Computing Information Sciences

vii
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* College of Education and External Studies

* College of Engineering, Design, Art and Technology

* College of Health Sciences

* College of Veterinary Medicine, Animal Resources and Biosecurity
* College of Humanities and Social Sciences

e College of Natural Sciences

The teaching hospital for Makerere University is Mulago Hospital, a general
hospital as well as a health center for the Kampala metropolitan area with an official
bed capacity of 1790. Mulago Hospital was built in 1917, and Old Mulago Hospital
merged with the New Mulago Hospital in 1960 to form the Mulago Hospital
Complex as the National Referral Hospital. The complex also houses Makerere
University College of Health Sciences.

About The Book

This book presents a summary of presentations made at the workshop on brain
degeneration as seen in Uganda, Africa whose title and theme was “Brain
Degenerations and Emerging Mental Health Challenges in Sub-Saharan Africa”. It
also presents the basic science, knowledge and understanding of brain degeneration
including causes and management as well as the care burden for the affected as seen
in Africa today. Case reports of real cases are presented and discussed.

The book is divided into six sections. The first section presents an overview of
brain degenerations in sub-Saharan Africa. It also gives an introduction to the
worldwide approaching epidemic of neuro-degeneration and in an ideal way of
involving researchers and the community in its approach. Finally a look at a typical
national referral hospital in a developing country, the Mulago national referral hos-
pital in Kampala in Uganda, is given all complete with its daily limitations and
overwhelming burden of disease in resource limited settings. The second section
presents selected causes of brain degeneration in adults in Uganda as typifying Sub-
Saharan Africa. The third section presents pediatric brain degenerations as seen in
Uganda. Section IV discusses testing and investigating for brain degeneration in a
setting of limited resources as seen in Uganda, sub-Saharan Africa. Case reports of
actual cases of brain degeneration as seen in everyday practice in Africa are pre-
sented in Section V. Lastly Section VI deals with the care burden for dementia in the
elderly in today’s fast changing Africa with new socio-economic realities facing a
society in transition.

Kampala, Uganda Seggane Musisi
Boston, MA, USA Stanley Jacobson
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Chapter 1

The Penn ADCC: Integrating
Neurodegenerative Disease Research Across
Disciplines, Conditions, and Population
Groups

John Q. Trojanowski, Steven E. Arnold, Jason H. Karlawish, Sharon X. Xie,
and Vivianna Van Deerlin

Abstract Around the world, countries are experiencing seismic demographic
changes due to rapid increases in the “oldest old”, those over 85 years of age, and
the young old “Baby Boomers” now aged 60—70 years (2014). While Americans are
living longer and disability rates are declining, some 77 million began turning 60 in
2006, the time at which age-related early onset dementias begin. This, therefore,
means that Alzheimer’s Dementia (AD) and other dementias will increase with
ominous consequences if we do not develop therapies to treat/prevent them. Thus,
the number of Americans with AD will increase to over 13 million and delaying the
onset of AD by just 5 years would reduce the number of AD patients and the cost of
their care about 50 % by 2050. Intense efforts are urgently needed to develop dis-
ease modifying therapies for AD. AD is the most common but by no means the only
type of dementia seen in older adults. In one U.S. study, AD accounted for 69.9 %
of all cases of dementias, followed by vascular dementia (VaD) in 17.4 %. The
remaining 12.7 % of cases were attributed to Parkinson’s dementia (PD),
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normal-pressure hydrocephalus, frontal lobe dementia, alcoholic dementia,
traumatic brain injury, and Lewy body dementia. Since there are shared mecha-
nisms underlying many of these neurodegenerative diseases, there is much to be
gained through joint research and clinical efforts and the sharing of data across
disciplines, disease areas, and institutions.

Keywords Dementia * Amyotrophic lateral sclerosis (ALS) ¢ Parkinson disease
(PD) » Alzheimer’s disease (AD) ¢ Vascular dementia (VaD) ¢ Institute on Aging

Introduction

Around the world, countries are experiencing seismic demographic changes due to
rapid increases in the “oldest old”, those over 85 years of age, and the young old
“Baby Boomers” now aged 60-70 years (2014) [1-4]. While Americans are living
longer and disability rates are declining [5], some 77 million began turning 60 in
2006, the time at which age-related early onset dementias begin. This, therefore,
means that Alzheimer’s Dementia (AD) and other dementias will increase with
ominous consequences if we do not develop therapies to treat/prevent them. Thus,
the number of Americans with AD will increase to over 13 million and Medicare
costs for their care will increase to about $1 trillion by 2050 [6-10]. Since demog-
raphy is the history of the future written now, the solvency of Medicare is in jeop-
ardy. But, this future is malleable. Delaying the onset of AD by just 5 years would
reduce the number of AD patients and the cost of their care about 50 % by 2050
[6]. Thus, intense efforts are urgently needed to develop disease modifying thera-
pies for AD.

AD is the most common but by no means the only type of dementia seen in older
adults. In one U.S. study [11], AD accounted for 69.9 % of all cases of dementias,
followed by vascular dementia (VaD) in 17.4 %. The remaining 12.7 % of cases
were attributed to Parkinson’s dementia (PD), normal-pressure hydrocephalus,
frontal lobe dementia, alcoholic dementia, traumatic brain injury, and Lewy body
dementia. Since there are shared mechanisms underlying many of these neurode-
generative diseases, there is much to be gained through joint research and clinical
efforts and the sharing of data across disciplines, disease areas, and institutions.

In anticipation of the “silver tsunami”, the National Institutes on Aging (NIA) at
the National Institutes of Health (NIH) launched initiatives to stimulate and support
research and education on AD and related disorders in the mid-1980s [12, 13]. This
resulted in landmark advances in the understanding, diagnosis and treatment of AD,
related disorders, Mild Cognitive Impairment (MCI) and normal aging [14-19].
The Alzheimer’s Disease Center (ADC) program was established by the NIA in
1984 as a means of promoting collaborations and building multi-site projects
through a nationwide network of clinical and research programs. Today (2014)
there are 28 ADCs throughout the country, including both AD Research Centers
(ADRCs) and AD Core Centers (ADCCs). The ADCs have been instrumental in
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promoting research and education on Alzheimer’s disease (AD), related dementias,
normal brain aging and mild cognitive impairment (MCI), as well as supporting
development of better diagnostics and preventions/treatments for AD and related
disorders and training researchers and care providers.

The University of Pennsylvania ADCC

The University of Pennsylvania established an ADCC in 1991, with the aim of
advancing research by developing an infrastructure that could be leveraged across
multiple disciplines and applied to the understanding of a broad range of neurode-
generative diseases. Today, the Penn ADCC has evolved into a highly interdisciplin-
ary and seamlessly integrated Center with five Cores that collaborate extensively
with other investigators at and beyond Penn, including other ADCs, the Alzheimer’s
Disease Cooperative Study (ADCS), the Alzheimer’s Disease Education and
Referral Center (ADEAR), the Alzheimer’s Disease Neuroimaging Initiative
(ADNI), The Alzheimer’s Disease Genetics Consortium (ADGC), the National Cell
Repository for Alzheimer’s Disease (NCRAD), and the National Alzheimer’s
Coordinating Center (NACC). The Penn ADCC has been particularly active in two
key areas: (1) expanding and integrating research on related dementias including
fronto-temporal dementia (FTD), amyotrophic lateral sclerosis (ALS), and
Parkinson disease (PD); and (2) developing novel techniques to address the chal-
lenges of conducting research on these disorders.

Penn has a long history of leadership in the field of aging. In 1979 the Center for
the Study of Aging was established under the leadership of Vincent J. Cristofalo, a
cell biologist internationally recognized for his work on understanding the mecha-
nisms of cellular aging. In 1989, the Center was renamed the Institute on Aging
(IOA), signifying a structure that cuts across schools, departments, and disciplines.
While the IOA is centered in the University of Pennsylvania Perelman School of
Medicine (UPPSOM), the approximately 200 IOA fellows and associate fellows
represent researchers from Penn’s Schools of Nursing, Veterinary Medicine,
Dentistry, and Arts and Sciences, the Wharton School, The Children’s Hospital of
Philadelphia, The Wistar Institute, The Monell Chemical Senses Center, The
Richard Stockton College of New Jersey, Widener University, Temple University,
the Polisher Research Institute, and the Philadelphia Corporation for Aging.

Today, the IOA and the ADCC are two parts of larger network of resources at
Penn focused on aging and age-related diseases (Fig. 1.1). These include the Center
for Neurodegenerative Disease Research (CNDR), the Division of Geriatric
Medicine, the Morris K. Udall Parkinson’s Disease Center of Excellence, and the
Marian S. Ware Alzheimer Program, a unique multidisciplinary program that sup-
ports drug discovery and clinical trial design, as well as studies focused on bio-
markers of stress in AD and continuity of AD care. Penn is also home to the
Biomarker Core of the ADNI and the ADGC; and has had/currently has three
related Program Projects funded by the NIA: In Vitro and In Vivo Models of AD;
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Fig. 1.1 The Penn ADCC is the foundation (roots and trunk) for all programs on aging, AD, and
related disorders at Penn (branches) as depicted for representative programs

Frontotemporal Dementia: Genotypes and Phenotypes; and most recently TDP-43
Proteinopathies in ALS Dementia. These program projects reflect Penn’s focus on
dementias other than AD as well as comorbid conditions that impact on the mani-
festation of disease; and the fact that over the past several decades, Penn has been
at the vanguard of molecular biological research on neurodegenerative disease.
The goals of the Penn ADCC are implemented through five cores as well as a
pilot grant program and collaborations within and beyond the Penn campus.
Working together, the five Cores advance an aggressive, integrated research pro-
gram that has resulted in major discoveries about the mechanisms underlying neu-
rodegenerative diseases and contributed to the development of new diagnostic and
treatment approaches. The integration of research among the Cores begins with the
Clinical Core, which assesses and follows patients with cognitive impairments due
to AD or other dementias through its recently expanded Penn Memory Center.
While clinical evaluations are important, the primary mission of the Core is to
advance clinical research, both by conducting clinical trials and acquiring biofluids,
tissues, DNA, and imaging studies that can be used in a research studies conducted
by investigators in the Neuropathology, Biomarkers, and Genetics Core as well as
international collaborative studies such as NACC, ADNI and ADGC. Through par-
ticipation in ADNI, Penn ADCC investigators have developed promising new tech-
nologies, including florbetapir (18 F-AV-45), an amyloid imaging agent for use with
positron emission tomography (PET) to detect plaques in the brain of living persons
[20]; and a cerebrospinal fluid (CSF) biomarker signature defined by Abetal-42 and
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total tau (t-tau) that identifies individuals with mild AD and predicts conversion
from MCI to AD [21]. Enrollment of subjects in these studies is dependent on the
efforts of the Education, Recruitment and Retention Core; and analysis of data col-
lected in these studies is conducted by the Data Management and Biostatistics Core.
Meanwhile, the Administrative Core provides administrative oversight for the entire
program and administers the pilot grant program.

Integration Across the Spectrum of Neurodegenerative
Diseases

Through collaborations with other Penn-based programs on aging and age-related
diseases, the Penn ADCC has integrated research and clinical care across the spec-
trum of neurodegenerative diseases. Collaborations with the CNDR, in particular,
have contributed to a dramatic expansion in basic and clinical research on AD and
related disorders as well as investigations into the etiology, pathogenesis, diagnosis,
treatment and prevention of these neurodegenerative diseases. The CNDR functions
as a “center without walls,” wherein investigators collaborate in multidisciplinary
clinical and basic research to increase understanding of the causes and mechanisms
leading to brain dysfunction and degeneration in AD, PD, FTD, ALS and related
disorders that occur increasingly with advancing age. CNDR promotes a number of
important research initiatives such as the development of new and effective thera-
pies and finding a cure for devastating aging related neurodegenerative diseases
through a number of mechanisms.

For example, there has been considerable excitement at Penn with regard to the
discovery of TDP-43 (the ubiquitinated TAR DNA-binding protein 43) as the disease
protein that provides a molecular link between ALS and a subtype of FTD called
FTLD-U (Frontotemporal lobar dementia with ubiquitinated inclusions). Using post-
mortem brain tissue collected through the ADCC’s Neuropathology, Genetics, and
Biomarker Core, CNDR investigators showed in late 2006 that mutated TDP-43
accumulated as a misfolded protein in the hippocampus, neocortex, and spinal cord
of individuals diagnosed with FTLD-TDP and ALS [22]. Subsequently, multiple
pathogenic mutations in TDP-43 were found to be associated with ALS [23] and a
number of other studies identified additional TDP-43 mutations associated with ALS
and FTLD. An international collaboration led by researchers at the Penn ADCC and
involving 13 countries resulted in the identification of a protein called TMEM106B,
which represents a risk factor for FTLD-TDP [24].

The Penn ADCC also works closely with the NINDS Morris K. Udall Parkinson’s
Disease Center of Excellence at Penn to study the molecular mechanisms underly-
ing movement and cognitive impairments in PD, as well as the care and treatment
of patients and training of physicians. Penn is one of only six institutions that have
both a Udall Center and an ADC. The theme of the Penn Udall Center is cognitive
impairment, a very understudied aspect of PD. Areas of shared research interest
between these two Centers is exemplified by recent biomarker collaborations which
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showed that the same low CSF AP42 levels that are signatures of AD also predict
cognitive decline in PD [25], while plasma EGF levels correlate with cognitive per-
formance and predict cognitive impairment in PD, but not in AD [26].

All of these biomarker and genetics studies accumulate massive amounts of data,
and rely on resources provided by the Data Management and Biostatistics Core for
data analysis. The Core recently launched an Integrated Neuro-Degenerative Disease
(INDD) database inspired by NACC. This relational database includes data on AD,
PD, ALS, FTLD and related diseases studied by ADCC and affiliated Penn investi-
gator groups. A recent study compared the INDD database against a more traditional
database approach where each center operates its own separate database, and con-
cluded that the integrated database excelled in easing the process of querying and
extracting data, thus producing results more quickly and with fewer errors [27].

Integrating Across Population Groups

Another unique feature of the Penn ADCC is its focus on dementia among Latino
and African Americans. Latinos are at least one and one-half times more likely than
whites to develop dementia [28], and African-Americans two times as likely [29],
yet these population groups are less likely to participate in research. Consequently,
the reasons for their increased risk are unclear. The Penn ADCC received a supple-
mental ADC grant in 1993 to develop a Latino cohort. In a collaborative study with
four other ADCs, they found that after adjusting for education, Latinos in the United
States develop AD almost 7 years earlier than Whites [30]. Subsequent research by
the Penn ADCC showed that elderly Latinos in Philadelphia, who are primarily
immigrants from Puerto Rico, not only have an earlier age of onset but more severe
cognitive impairment [31].

Genetic studies on patients in the Latino cohort led to the identification of three
families in whom a PSEN1 G201A mutation was found. This mutation was reported
previously in Caribbean-Hispanics [32], prompting Penn geneticists to test all avail-
able Latino samples in the Penn ADCC DNA bank (n=282) for the mutation.
Remarkably, the mutation was found in ~12 % (12/103) of AD cases in the Latino
cohort who were unselected for family history. This suggests that the mutation may
be more prevalent than previously recognized in this population.

Another study identified the first reported case in an African American of a
mutation in the microtubule-associated protein tau (MAPT) gene, which is
associated with a rapidly progressive form of familial FTD [33]. Imaging, CSF
biomarker, and clinical studies of this patient, as well as post-mortem examination
of her brain provided additional clues about the neuropathology underlying this
disease. Yet none of these studies would be possible without the participation of
individuals in minority communities. This is where the Education, Recruitment, and
Retention Core comes into play. For example, the Penn ADCC is also increasingly
reaching out to the African American community in West Philadelphia, where the
University is located.
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New Directions

To achieve the goal of preventing or ameliorating AD and related diseases as well
as to promote successful aging, the Penn ADCC has also developed novel partner-
ships with philanthropic organizations to take its research, education and outreach
programs in new directions. One such initiative is the Marian S. Ware Alzheimer
Program, which was launched with generous multi-million dollar philanthropic
support from the Ware family in January 2004 to comprehensively attack the prob-
lem of AD [34]. The Ware Program includes four key components: (1) AD Drug
Discovery; (2) AD Clinical Trial Design; (3) Biomarkers of Stress in Normal Aging
and AD; and (4) Continuity of AD Care, a project of the University of Pennsylvania
School of Nursing. This Program enables the ADCC to expand its role in drug dis-
covery neurodegenerative diseases by bridging the gap between drug target identifi-
cation, validation and proof of concept studies, and to hasten efforts to bring new
therapies out of laboratories into the clinic.

Partnerships are also being forged between the Penn ADCC and pharmaceutical
companies. For example, an ADCC-linked AD drug discovery partnership with
Johnson and Johnson, Inc. and a cooperative agreement between the Penn Chemistry
Department and the NIA is pursuing chemical synthesis of different classes of
microtubule stabilization drugs to identify the best class of compounds that enter the
brain to stabilize microtubules for the treatment of AD and related tauopathies [35].

The Penn ADCC and IOA also support 1-year pilot grants designed to encourage
researchers from disparate fields to turn their attention and expertise toward investi-
gations of dementia. In 2011-2012, 10 pilot grants with were supported. Two of
these, funded by the ADCC, will focus on Alzheimer’s disease (AD) and related
neurodegenerative disorders. The remaining pilots, supported by funding from
Penn’s School of Medicine and The Bingham Trust, focused on aging and aging
related diseases.

The Penn ADCC has also been working with other Penn faculty and the
Campaign to Prevent Alzheimer’s Disease by 2020 (PAD2020) to convert the Penn
ADCC into a prototype model of a Comprehensive Alzheimer’s Disease Center
(CADC) modeled on the National Cancer Institute’s Comprehensive Cancer Centers
[36]. CADCs would serve as coordinating hubs of existing ADCs, facilitating expanded
multidisciplinary and multisite collaborative research studies and integrating active
programs in clinical care and clinical trials. The CADC concept was introduced at
a symposium in 2008 [37] and incorporated into the Alzheimer’s Study Group
report that was presented to the U.S. Senate Committee on Aging in 2009 [38].
The Penn CADC would comprise a number of interacting teams, each of which
would include both research and clinical components. With an executive/administra-
tive committee as its hub, the teams would address issues related to: training; clinical
care; healthy brain aging; genetics; biomarkers; neuropathology; neuroimaging; data
management, computational modeling, and biostatistics; drug discovery; integration
of care; health policy, comparative, and cost effectiveness; and outreach, education,
and dissemination.
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Spreading the Message

A final important mission of the Penn ADCC is to increase scientific and public
awareness of AD and healthy brain aging in order to advance the research mandate.
This is exemplified by the production of two public education films — Shining a
Light on AD and Taking Steps to Healthy Brain Aging — funded by the MetLife
Foundation in collaboration with three other ADCs and Penn’s IOA and
CNDR. MetLife then supported “re-purposing” these two films into a single film for
PBS called Alzheimer Disease — Facing the Facts, which aired on more than 90 %
of PBS outlets in 2009-2010, won the 2008 CINE Golden Eagle Award, and won a
2009 Emmy Award for documentary program (for more details, see http://www.
alzheimersfacingthefacts.org/). In addition to spearheading production of these
films, the Education, Recruitment and Retention Core provides other educational
materials for patients and caregivers and provides.

Conclusion

In summary, the Penn ADCC forms partnerships at and beyond Penn to meet the
global challenges of rapidly aging populations and the epidemic of AD and related
disorders. These partnerships have enabled the Penn ADCC to accomplish its mis-
sion through research on AD and related disorders as well as normal aging, and
through education to increase understanding of these disorders and accelerate the
pace of developing better diagnostics and therapies for AD and related dementias.
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Chapter 2
Anatomy of Normal and Degenerative
Changes in the Brain

Samuel S. Giles, Rosemary Kusaba Byanyima, and Stanley Jacobson

Abstract This chapter reviews the normal anatomy of the human cerebrum. We
then demonstrate the appearance of degenerative changes in the brain grossly and
with CT and MRI images. We have focused on the effects on the cerebrum of major
diseases that affect the cerebrum, namely: (1) CVA/strokes; (2) the Communicative
diseases of malaria and HIV/AIDS and, (3) Non-Communicable Disease (NCD) the
Neurodegenerative diseases-Alzheimer’s’ Disease, Amyotrophic Lateral Sclerosis,
Frontotemporal degeneration/Picks, Huntington’s’ Disease, Parkinson’s’. For each
of the diseases we have included an illustrative case history. We have also listed the
division of the NIH, WHO or the CDC and the organization which provides assis-
tance to the patients and the families that are affected by these diseases.

Keywords Cerebrovascularaccidents* Communicative diseases ® Non-Communicable
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HIV/AIDS Human immunodeficiency virus infection and acquired immunodefi-
ciency syndrome

NCD Non-communicable diseases
PD Parkinson’s’ Disease

WHO World Health Organization
Introduction

It is appropriate that this workshop was in Uganda discussing normal and abnormal
findings in the brain in the region of Africa where genetic and fossil evidence supports
a recent (<200,000 year) origin of modern Homo sapiens in Africa [1]. This was then
followed by later population migrations and dispersal across the world as the “Out of
Africa” model [2]. The fossil record further suggests that for over one half of man-
kind’s life, Homo sapiens and their ancestors “Lucy” lived in sub-Saharan Africa [3, 4].

Data from the World Health Organization [5] and the Center for Disease Control
[6] demonstrates the similarity in brain diseases seen throughout the world with
major differences noted due to income disparities which directly affect public
health and longevity. In sub-Saharan Africa currently HIV/AIDS, sleeping sickness,
malaria, and sickle cell anemia are the common diseases in the region [7] with road
traffic accidents becoming another common cause of injury to the brain in the
African region [8, 9].

Data from the WHO shows that as the public health improves in low-income coun-
tries due to economic strengthening, there is a concomitant lengthening of one’s life
and a shift from the communicative diseases (lower respiratory infections, diarrheal
diseases, HIV/AIDS, malaria, and TB; [5]) being the primary causes of death to the
non-communicable diseases (NCD-Cardiovascular, Cancer, Respiratory, Diabetes,
and Neurodegenerative diseases) being as the primary cause of death. The non-
communicable diseases which are the most common cause of death in the mid- to high
income countries include; cardiovascular disease, stroke and other cerebrovascular dis-
eases, cancers and a concomitant rise of dementias including Alzheimer’s disease [5].

Since the cerebral hemispheres are the region in the brain most commonly affected
by degenerative diseases [10], we will focus our discussion on the diseases that most
commonly affect the cerebrum. A detailed classification of disease affecting the cere-
brum can be seen in Principles of Neurology [11]. We have reviewed the records of
over 500 patients CT imaged at the Mulago Teaching Hospital in Kampala over the last
several years and we noted the similarity in the common causes of disease in the brains
there and in the United States — stroke and other cerebrovascular diseases, HIV/AIDS,
Neurodegenerative diseases, (Parkinson disease, Alzheimer’s) alcoholism, and motor
vehicle accidents also becoming a major cause. In the US the accidents are primarily
in automobiles while in Uganda and the lower income countries the accidents are pri-
marily with the smaller motor cycles called “boda-bodas” in Uganda which are widely
used throughout East Africa and in other lower income countries [12].
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Our discussion will first review the normal anatomy of the cerebral hemispheres
and we will then focus on the three major categories of diseases that affect the
cerebrum. In Group One we have included the principle disease that causes degen-
eration in the brain, cerebrovascular/stroke, in Group Two we have illustrated
the effects of the most common communicative diseases — malaria and HIV on the
cerebrum, and in Group Three we include the major NCD, Neurodegenerative
Diseases-AD, PD, HD, and ALS. There are other causes of cerebral degeneration
including alcoholism, malnutrition, environmental toxins and trauma which are
discussed elsewhere in this book.

Materials and Methods

With post-mortem examination of the brain limited in Uganda, in this chapter, we
illustrate the gross features of degenerative diseases of the cerebrum with specimens
from several sources- the anatomy laboratory at Tufts University School of
Medicine, the Department of Pathology at Tufts Medical Center, and the Department
of Neurology at University of Massachusetts in Worcester. The cases of malaria
that we refer to in this book are all from Mulago Hospital in Kampala Uganda and
were reviewed in the Department of Radiology at Mulago Hospital. We have
included on our www.braindementia.net an illustrative video from one of the
patients with malaria seen at the Kampala Imaging center in Kampala which illus-
trated many of the findings seen with cerebral malaria which are also discussed in
other chapters in this book.

Virtual Patients

With the Health Insurance Portability and Accountability Act of 1996 (HIPAA US
Department of Health and Human Resources [13]) limiting the amount of informa-
tion that one can reveal from each patient, we have respected this policy and con-
sequently created for this paper Eight Virtual Patients that illustrate the findings in
each disease. A Virtual Patient is a patient created electronically or on paper from
real patient data [14]. These Virtual patients are widely used for educating health
care workers [15, 16]. Our virtual patients were created by a team effort combin-
ing the identified cause of death, with gross or CT observations, and the clinical
expertise of our colleagues to create a plausible patient. For each case we will pres-
ent first a short case history including medical and neurological information, and
then we will illustrate the pathological findings with gross specimens and CT or
MRI images from the actual patient under discussion or from a patient with similar
findings.
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Hlustrative Video

We developed a video demonstrating a virtual patient with Cerebral Malaria and
stored it on our website (Cerebral malaria, www.braindementia.net) from a case of
cerebral Malaria which demonstrates cortical atrophy, a subdural, and dilation of
the ventricles, We created a video using the OsiriX open software program
(OsiriX: 2004) on a Macintosh PRO Processor: 2 x3 GHz Quad-Core Intel Xeon
Memory to organize the DICOM images (Digital Imaging and Communications
in Medicine, the standard format used in CT and MRI imaging worldwide). The
images were collected from a MX 16 Philips CT Scanner Philips. The video was
created from the stack of DICOM images using QuickTime Pro. We also inserted
labeled JPEG images to illustrate major findings in each movie using Adobe
Photoshop and strung into the exported movie using QuickTime Pro.

Observations

Normal Anatomy of the Gross Brain (Fig. 2.1a—c from Jacobson and Marcus [17]).
In Fig. 2.1a we have labelled the lateral surface of the brain with the frontal, pari-
etal, occipital, and temporal gyri and sulci identified. In Fig. 2.1b on the medial
surface of the brain we have identified the gyri and sulci in the frontal, parietal,
occipital, temporal and cingulate gyrus of the brain. In Fig. 2.1c we review the insu-
lar region deep in the lateral sulcus.

Group One- CVA/Strokes

Worldwide, cardiac disease and stroke are the most common causes of death in the
middle and upper income countries while in the lower income countries respiratory
infections is the most common cause, followed by diarrheal disease, HIV AIDS and
then ischemic heart disease, as the fourth most common, followed by malaria and
then stroke [5].

In the USA as noted in the most recent data from the CDC in 2011, cardiac dis-
ease is the most common cause of death (597,689) with cancer as second (574,743),
chronic lower respiratory diseases third (138,080) and CVA/stroke the fourth most
common cause of death (129,476). Alzheimer’s Disease is the 6th most common
cause of death (83,494). Strokes also are the most common cause of degeneration in
the brain and untreated hypertension in many cases is the root cause and can lead to
strokes, ministrokes/TIAs, mild cognitive dysfunction and dementia. The following
cases illustrate these points.
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Fig. 2.1 Normal brain. (a) The lobes gyri and major sulci labeled in the frontal, parietal, occipital,
and temporal gyri, and the motor strip identified on the lateral surface of the brain. (b) Medial
surface with the corpus callosum, fornix, and gyri and cingulate sulci labeled and the gyri and sulci
in the frontal, parietal, occipital and temporal lobe labeled. (¢) Frontal and parietal operculum
removed to reveal insular cortex and auditory cortex of temporal lobe (transverse temporal gyri).
(From Jacobson and Marcus [17])
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Case One: Cerebrovascular Accidents (CVA) (Figs. 2.2-2.4,

Modified from Jacobson and Marcus 2003)

A 62 year old, Left-handed, untreated male with hypertension had an infarct in the
territory of the middle cerebral artery on the left after carotid clamping for removal
of plaque in the left common carotid. The patient progressed from a weakness of the
right hand to complete right hemiparesis with right central facial weakness and a
mixed aphasia. There was a subsequent recovery in the right lower extremity.
Figure 2.2 is the post mortem examination of the brain of Patient One showing an
infarct in the right operculum of the precentral gyrus and insula.

Figure 2.3a is an MRI which shows the appearance of a normal patient at the
level of the frontal operculum, while Fig. 2.3b is an MRI which shows an infarct in
the cortical territory of the left superior branch of the middle cerebral artery in the
frontal lobe with similar neurological findings to Case One.

Figure 2.4 is a micrograph which demonstrates a lesion in the right medullary
pyramid several years after a lesion in the medial most portion of the left motor strip
with resultant atrophy of the corticospinal pathway and resultant upper motor deficit
with increased reflexes, weakness of movements and some disuse atrophy of the
right lower leg.

Although cardiac disease is still the most common causes of death in middle and
upper income countries, there have been improvements due to better nutritional
choices, exercise, stopping smoking, reducing salt intake and taking of medicine

Fig. 2.2 CVA. This is a post mortem examination of the brain of Case One with a CVA showing an
infarct in the left operculum of the precentral gyrus and insula (From Jacobson and Marcus [17])
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Fig. 2.3 CVA. (a) is an MRI which shows the appearance of a normal patient at the level of the
frontal operculum, while (b) is an MRI which shows an infarct in the cortical territory of the left
superior branch of the middle cerebral artery in the frontal lobe with similar neurological findings
to Case One (From Jacobson and Marcus [17])

which will reduce the blood pressure. In lower income countries as shown in a
recent article in Neurology [18] there is a critical need to alleviate the effects of
hypertension, by encouraging life style changes, and reducing salt intake and when
necessary treating patients with the inexpensive anti hypertensives (thiazides). The
National Institute of Neurological Disease and Stroke of the National Institute of
Health is dedicated to the eradication and treatment of stroke in the USA and the
world www.ninds.nih.
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Fig. 2.4 CVA. This micrograph demonstrates a lesion in the right medullary pyramid several
years after a lesion in the medial most portion of the left motor strip (controls the contralateral
foot). This patient demonstrated atrophy of the corticospinal pathway and clinically demonstrated
an upper motor deficit with increased reflexes, weakness of movements and some disuse atrophy
of the right lower leg (From Jacobson and Marcus [17])

Fig. 2.5 Malaria. This CT is
from a patient with a subdural
hematoma and a
displacement of the midline
and compression of the
lateral ventricles on cerebral
malaria (From Kampala
Imaging Center, courtesy of
Dr. Rosemary Byanyima)

Group Two: Communicable Diseases, Malaria and HIV/AIDS

Case Two: Cerebral Malaria, Case developed

by Dr. Erisa Mwaka Sabakaki, Fig. 2.5

A 32-year-old man presented with a history of fever, chills and weakness for
2 weeks along with generalized tonic-clonic seizures, occurring 2-3 times per day,
for 5 days. He also had a history of loss of consciousness 2-3 times a day, each
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episode lasting for 2—3 min. He complained of loss of power in the right upper limb
for 4 days. He had had 4-5 episodes of severe vomiting during the duration of the
illness. CNS examination revealed that he was conscious and oriented. There was
no neck rigidity. Power in the right upper limb was 4/5. His sensory and motor
systems were normal; there was no cranial nerve deficit. The other systemic exami-
nations were normal. Biochemical and hematological investigations were normal.
Peripheral smear for malarial parasite was positive and the patient was started on
antimalarial drugs. CT of the brain revealed an irregular lesion, mixed hyper- and
hypodense areas in the left high posterior frontoparietal region and the evidence of
a subdural and subarachnoid hematoma in left frontoparietal region with surround-
ing hypodensity. Two days later, the patient complained of pain and swelling in
the left lower limb. Venous Doppler of the limb showed deep vein thrombosis.
The patient was treated aggressively with antithrombotics, antibiotics, antipyretics
and anti-inflammatory drugs along with antacids. The patient completed the course
of antimalarial drugs. He improved clinically. Follow-up CT scan of the brain done
1 month later showed a resolving infarct in the left frontoparietal region.

Figure 2.5 is a CT of a patient demonstrating a large subdural (arrow) external to
the frontal lobe with a shift of the midline and the compression of the lateral ven-
tricles on the right and enlargement of the ventricles on the left due to the presence
of the f. plasmodium parasites in the subdural space and also in the adjacent paren-
chyma of the infected brain. It has been noted that the parasites sequester in cerebral
capillaries and also produce additional intra- and perivascular pathology with
retinopathy being very common [19, 20]. Malaria is caused by a bite from an
infected female anopheles mosquito carrying the protozoan parasites of falciparum
plasmodium. Tt affects over 650,000,000 people infected each year and causes 10 %
of the deaths in the lower income countries including Uganda (1-3,000,000/year;
[5]). It also is a major cause of poverty and hinders economic growth. There has
been some progress in protecting children by providing mosquito nets but more help
is needed, and there has been some progress in developing a vaccine. We have
developed a video (Cerebral malaria, www.braindementia.org) from a case of
Cerebral Malaria which demonstrates cortical atrophy, a subdural haematoma and
dilation of the ventricles, a common finding in Malaria (www.cdc.gov/malaria).

Case Three: HIV/AIDS (Fig. 2.6)

A 38 year old female presented with left sided hemiplegia and weakness on the right
side and dementia (Fig. 2.6). She has recently started on antiretroviral therapy with
some success. Her CD4 was 455 cells/mm. The CT images shows lesions on the
right (1) and left (3) rostral internal capsule and a lesion in the insular cortex on the
right (3) all of which were consistent with HIV infection in the brain [21, 22]. These
pathological findings are consistent with other studies that have shown similar
infarcts due to HIV-associated foxoplasmosis, tuberculosis and cryptococcosis
whose presence were not tested for in this patient. Our findings of dementia in this
patient were supported by the brain atrophy which was noted with the widening of
the sulci in the young woman. Poor care of patients with limitations in extensive
investigations is not uncommon in LIMC settings. The cause of HIV is well docu-
mented. There is still no cure for HIV. There is antiretroviral medication which slows
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Fig. 2.6 HIV. This CT image
of the brain is from Case
Three. A 38 year old female
presented with left sided
hemiplegia and weakness on
the right side and dementia.
The CT images shows infarcts
on the right (/) and left (2) in
the rostral internal capsule and
an infarct in the insula cortex
on the right (3) due to the HIV
infection. There is also
significant evidence of brain
atrophy with the widening of
the sulci in this young woman
(From the Kampala Imaging
Center, courtesy of Dr.
Rosemary Byanyima)

the progression from HIV to AIDS, and it can keep many people healthy for many
years. However, these medicines are not widely available in poor countries. There
are many groups working on developing a vaccine for HIV/AIDS and they have not
yet succeeded, but there is a sense of optimism that there will be a vaccine 1 day.
Uganda is often held up as a model for Africa in the fight against HIV and AIDS
[23, 24]. In Africa in most cases, HIV is spread heterosexually. Other causes include
mother-to-child transmission, transfusion with infected blood or sharing needles in
intravenous drug use. There are an estimated 1.2 million people living with HIV
in Uganda, which includes 150,000 children. Strong government leadership, broad-
based partnerships and effective and extensive public education campaigns using
bill boards, newspapers, the radio, TV and internet are all contributing to a decline
in the number of people living with HIV and AIDS. Uganda’s success story must
not detract from the consequences that AIDS continues to have across the country.
An estimated 64,000 people died from AIDS in 2009 and over one million children
have been orphaned by this devastating epidemic. The CDC has a very active sur-
veillance and information upon the treatment of HIV (http://www.cdc.gov/hiv/
topics/surveillance/) as does the WHO (http://www.who.int/hiv/en.)

Group Three (NCD) Neurodegenerative Diseases

Case Four: Alzheimer’s Disease (AD) (Figs. 2.7 and 2.8)

A 64 year old male over the last 4 years had been having problems at work including
inappropriate behavior, dress and memory problems. His changes in appearance and
behavioral abnormalities including threatening his wife led him to be institutional-
ized by his family which was a very difficult experience for his wife and children
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Fig. 2.7 (a) is the control,
while (b) is from a patient
diagnosed with Alzheimers’
disease. In (b) from the
patient with A Dnote the wide
sulci throughout the brain
which are a mark of extensive
neuronal dropout. Compare
the brain in (b) to that in

Fig. 2.9b with frontotemporal
degeneration (Courtesy of
Dr. Stanley Jacobson)

(case developed by Drs. E. M Marcus and Stanley Jacobson). In Fig. 2.7a we show
the appearance of a control brain while in Fig. 2.7b we show a brain from a patient
diagnosed with Alzheimer’s Disease showing major widening of the sulci through-
out the brain due to the decrease in cortical gray matter/gyri which is the major
pathology seen with this disease. In Fig. 2.8a we have included an MRI from a
patient without AD at age 91 with a normal appearing hippocampus while in com-
parison we have included the MRI from a 71 year old male with severe
AD. Figure 2.8b is from a 76 year old patient defined clinically as having AD and it
shows severe atrophy of the hippocampus (from Marcus and Jacobson [25]). Please
note that there is also atrophy in the hippocampus of the patients with AD enlarge-
ment of the ventricle due to the degeneration of the brain.

Alzheimer’s disease is the most common cause of dementia and is a silent epi-
demic in US and much of the middle and upper income regions of the world. In the
US there are over 5,000,000 affected individuals and it has deleterious effects on
the personal and financial lives of the affected families. We were most fortunate at the
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Fig. 2.8 Alzheimers’ disease,
MRIL. In (a) we have include
an MRI from a 91 year old
male patient without AD at
91 with a normal appearing
hippocampus; in (b) we have
included the MRI from a 71
year old male with severe
atrophy of the hippocampus
(From Marcus and Jacobson
[25]). Concomitant with the
atrophy of the hippocampus
there was an enlargement of
the ventricular system due to
the degeneration of the brain
(From Jacobson and

Marcus [17])

Ugandan workshop on Brain Degenerative Diseases to have Drs. Lee, Trojanowski
and Schellenberg who have made great strides in reducing the effect of AD and Dr.
Jeffrey Griffiths who described the heavy impact on the family and society of the
AD patients. The Alzheimer’s Organization is very active in supporting research,
and helping families with this disease cope with its effects on affected individuals
and their family (www.alz.org).

Case Five: Frontotemporal Degeneration/Picks Disease (Fig. 2.9)

This case is from the Gross Anatomy Laboratory at Tufts University School of
Medicine. The patient was an 89 year old male. Figure 2.8 shows a photograph
of the base of his brain demonstrating bilateral atrophy in the temporal and frontal
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Fig. 2.9 Frontotemporal
degeneration, Picks’ disease.
(a) The control brain. (b) The
brain of this 89 year old male
who demonstrated bilateral
marked atrophy in the basal
temporal and frontal lobes
(arrow) with dementia and
memory dysfunction which
are the sign of this disease.
The hippocampus was also
atrophic (Courtesy of

Dr. Stanley Jacobson)

lobes which also involved the hippocampus. He had changes in personality, language
and memory. The hippocampus was atrophic [17]. This disease is similar to AD, but
the regions in the brain that demonstrate atrophic degenerative changes are limited
to the frontal and temporal lobes of the brain’s regions. The Association for
Frontotemporal Dementia is dedicated to treatment and control of this disease
(www.theaftd.org).
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Fig. 2.10 Parkinson’s disease. Note the normal appearance of the pigment in the substantia nigra
of a 70 year old patient without disease (left), versus the marked loss of pigmentation in the
substantia nigra pars compacta (right) (From Jacobson and Marcus [17]. Courtesy of Dr. Thomas
Smith University of Massachusetts Department of Neurology)

Case Six: Parkinson’s’ Disease (Fig. 2.10, Modified from Marcus

and Jacobson [25])

A 50 year old male developed a sense of fatigue and stiffness and lack of control of
his left arm. He had a problem in writing and moving his leg. He said “I have to
remember to lift it”. When he walked there was a tendency to turn en bloc and there
was decreased swinging of the arm. Over a period of a year he developed progression
of the disease with cogwheel rigidity and micrographia with a pill rolling tremor at
rest. Over the last 10 years he has undergone several different treatment regimens
but the disease is still progressing with tremor at rest and rigidity and a slowly pro-
gressing dementia. There has been some discussion of whether he is a candidate for
deep brain stimulation to stop the progression of the disease.

Parkinson’s disease is the most common disease involving the basal ganglia
(caudate, putamen and globus pallidus). The patient usually has several movement
problems including a difficulty in walking, getting dressed, tying one’s shoes, a
tremor at rest and they may also develop dementia. They have a slow shuffling gait.
The pathogenesis is the progressive loss of dopamine producing neurons in the pars
compacta of the substantia nigra (Fig. 2.10). Figure 2.10A shows the normal
appearance of the substantia nigra in a 70 year old patient without disease while in
Fig. 2.10B shows the marked loss of pigmentation in the substantia nigra pars com-
pacta in a patient with PD. In normal aging the rate of cell loss in the substantia
nigra is 4 % per decade while in the PD patient it is about 45 % per decade. In the
United State there are approximately 1,000,000 patients with the disease. Recently
Drs. Lee and Trojanowski and colleagues [26, 27] have made great strides in
understanding the basis of PD by determining that the transmission of a pathologi-
cal a-synuclein gene initiates Parkinson-like neurodegeneration in transgenic mice.
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Fig. 2.11 This MRI is from 50 year old female patient who for several years had been noted to be
nervous and had many restless movements. Her family felt that recently she was not thinking as
clearly and had been undergoing a personality change (From Jacobson and Marcus [17])

This finding may lead to the development of an antibody to block this compound
and mitigate the effects of PD. The Parkinson Organization (www.parkinson.org)
website is a very helpful and describes this disease and the ongoing research aimed
at the control and eradication of PD.

Case Seven: Huntington’s’ Disease [17] (Figs. 2.11-2.13)

A 50 year old female patient (Fig. 2.11) for several years had been noted to be ner-
vous and had many restless movements. Her family felt that recently she was not
thinking as clearly and had been undergoing a personality change. In addition, she
demonstrated uncontrolled facial movements, including grimaces, head turning to
shift eye position, and quick, sudden, sometimes wild jerking movements of the
arms, legs, face and other body parts with restlessness and fidgeting. Additional
behavioral changes may also occur in HD even before the movement problems.
These can include: memory problems (dementia), behavioral disturbances, halluci-
nations, irritability, moodiness, paranoia and psychosis.

The MRI in Fig. 2.12a is from a normal patient while Fig. 2.12b is from a 45 year
old patient with HD and shows enlarged ventricles and a thinning out of the cerebral
cortex and basal ganglia especially noted in the rostral regions of the diencephalon
around the anterior limb of the internal capsule. Patients with HD have enlarging of
the ventricles, called “box car ventricles’ and the thinning out of the basal ganglia.
Figure 2.13 is the postmortem picture of the brain from a patient with HD with
marked atrophy in the caudate and putamen with a dilation of the lateral ventricles.
In this case there was the noted less involvement of the cerebral cortex.

Modern genetic analysis using recombinant DNA techniques has shown a defect
in the short arm of chromosome 4 in patients with HD. The defect causes a part of
DNA, called a CAG repeat, to occur many more times than it is supposed to.
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Fig. 2.12 Huntington’s disease. (a) is from a normal patient in the mid-frontal region. (b) is from
a 45 year old. patient with HD and shows a marked atrophy of the cerebral cortex and of the
caudate nucleus in this patient with a familial history of the disorder and a significant increase in
the CAG nucleotide repeats there is a thinning out of the cerebral cortex and basal ganglia espe-
cially noted in the rostral regions of the diencephalon around the anterior limb of the internal
capsule. This patient with HD has enlarged ventricles, called “box car ventricles’ and the thinning
out of the basal ganglia (From Jacobson and Marcus [17])

Fig. 2.13 A patient with Huntington’s disease. There is marked atrophy in the caudate and puta-
men with a dilation of the lateral ventricles. In this case there was also less involvement of the
cerebral cortex than the patient in Fig. 2.12 (Courtesy of Dr. Emanuel Ross)
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Normally, this section of DNA is repeated 10-28 times. But in persons with
Huntington’s disease, it is repeated 36—120 times. As the gene is passed down
through families, the number of repeats tends to get larger, especially where there
is consanguinity. The larger the number of repeats, the greater are the chances of
developing HD symptoms at an earlier age. Therefore, as the disease is passed
along in families, symptoms develop at younger and younger ages. There are two
forms of Huntington’s disease. The most common is adult-onset Huntington’s dis-
ease. Persons with this form usually develop symptoms in their mid-30s and 40s.
An early-onset form of Huntington’s disease accounts for a small number of cases
and begins in childhood or adolescence. If one of the parents has Huntington’s
disease, there is a 50 % chance of getting the gene for the disease. If one gets the
gene from one’s parents, they will develop the disease at some point in your life,
and can pass it onto their children [28]. Inheritance is autosomal dominant. There
are, currently, no known methods to reverse the course of this disease, conse-
quently current interventions focus on easing the burden of care on the affected
patient and their family and genetic counseling (Huntington’s Disease Society of
America; www.hdsa.org).

Case Eight: Amyotrophic Lateral Sclerosis, ALS (Figs. 2.14 and 2.15)

Case W was a 66 year old man who originally presented for medical evaluation
with a history of progressively increasing generalized muscle weakness involving
both the upper and lower extremities. He initially noted weakness of his right
hand manifested as difficulty with fine motor skills such as writing or buttoning
a shirt or coat. He also noted a tendency to drop things when holding objects with
the right hand. He subsequently noted lower extremity weakness involving proxi-
mal (thigh) muscles. He had difficulty rising from a chair and walking up stairs.
He developed distal muscle weakness manifested as a foot drop, the so called
“slapping” gait. Several months later, he developed dysarthria (slurring of speech)
and dysphagia (difficulty swallowing) especially for thin liquids. This got pro-
gressively worse so that in the 2 weeks before admission to the hospital he fre-
quently experienced choking and coughing when drinking liquids. At the time of
admission the patient had significant cough, fever and dyspnea. On physical
examination he had tachypnea with a respiratory rate of 24 breaths per minute.
Chest exam revealed crackles at both bases. He was found to have significant
hypoxemia. The patient’s dysphagia (from bulbar muscle involvement) predis-
posed him to aspiration and hence pneumonia. His presentation of cough, fever,
dyspnea, with crackles on physical examination was consistent with this diagno-
sis. This case was developed into a virtual patient by Drs. Scott Epstein, EM
Marcus, Samuel Giles, and Stanley Jacobson to illustrate the deleterious effects
of ALS and the illustrated brain is from the patient with ALS from the gross lab
at Tufts University in Fig. 2.14. The brain shows atrophy bilaterally of the pre-
central and post central gyrus, premotor, and prefrontal cortex, but especially
notable bilaterally is the motor strip which is very thin and has been called “razor
thin” and with the resultant widening of the adjacent sulci. Compare this brain


http://www.hdsa.org/

30 S.S. Giles et al.

ontrol

ALS

Fig. 2.14 ALS. Photograph of a brain on the left from a 70 year old patient without disease in the
brain while the brain on the right is from a 66 year old patient, Case W, with ALS. The brain from
the ALS patient shows atrophy of the precentral (arrow) and post central gyrus, premotor, and
prefrontal cortex but especially notable bilaterally in the motor strip (arrow) which is very thin and
has been called “razor thin”-compare to the brain from a 70 year old male who died of cancer
(Courtesy of Dr. Stanley Jacobson)
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Fig. 2.15 A micrograph that shows the pattern of degeneration in the cervical spinal cord of a patient
with ALS demonstrating degeneration bilaterally in the lateral corticospinal tract and in the anterior
corticospinal tract on the left (From Jacobson and Marcus [17]. Courtesy of Dr. Jose Segarra)

from the patient with ALS to the control brain from a 70 year old who died of
cancer. The atrophy in the prefrontal and post central gyrus, in addition to the
precentral/motor cortex, produces degeneration in the upper motor neurons that
form the corticospinal and corticobulbar pathways which originate from these
cortical regions.

Figure 2.15 is a micrograph that shows the pattern of degeneration in the spinal
cord of a patient with ALS in the motor, premotor and prefrontal cortices demon-
strating degeneration in the lateral and anterior corticospinal tract. There was also
degeneration of the lower motor neurons in the Ventral Horn Cells. There are about
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20,000 people in the United States with this disease today where the disease is
commonly linked to a famous baseball player, Lou Gehrig, who died from it in the
1930s hence Lou Gehrig’s disease. Recently there have been major strides in
understanding the underlying cause and prolonging the life of patients who come
down with this disease but there is yet no cure insight. The deleterious effects of
ALS and the ongoing research on this disease are well illustrated by the ALS
Society of the US (www.als.org).

Conclusion

In this paper we have reviewed many of the anatomical and clinical features seen in
the brain caused by the Communicable Diseases of malaria and HIV/AIDS, and the
Non-Communicable Diseases including CVA/strokes and the neurodegenerative
diseases of AD, PD, HD and ALS. We have also discussed the major strides made
in reducing the effects of CVAs and malaria on the brain. We have discussed the
effects on the families of the affected patients who presented with the neurodegen-
erative diseases of AD, PD, HD, and ALS. Finally, we have reported on the major
strides made in dealing with the deleterious effects of these disease on the brain
matter. Other chapters in this book have discussed the effects of HIV/AIDS, malaria,
nutritional deficiencies on the brain.
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Chapter 3

A 24-Hour Walk Through Mulago National
Referral Hospital, Uganda: What Kind

of In-Patients Do You See?

Nazarius Mbona Tumwesigye, Jacinto Amandua, David Lubogo,
and Victoria Masembe

Abstract Mulago hospital is the final general National Referral Hospital (NRH) in
Uganda, and having one such hospital is not unusual in many Low and Middle
Income Countries. Mulago hospital, as the nation’s referral facility has a bed capac-
ity of 1,790 but frequently the number of inpatients exceeds the available beds,
hence creating floor cases. Social demographic characteristics of patients and rea-
sons for hospitalization are not well documented and the reasons for the hospital’s
congestion are not clear but may be related to the relative lack of other general
hospital facilities in the city. The country is currently in the process of decongesting
the hospital.

To better inform the decongestion process, a census of all inpatients in the NRH
was carried out over 24 h starting early morning of 14th July, 2011. One hundred
eighteen health workers, who were mostly nurses and midwives, were consecu-
tively selected and trained for data collection. Some data collectors worked during
the day and others during the night. The main tool used for data collection was a
transcription form on which all data from the patient files were recorded. All data
were entered in epidata v3 software and exported to STATA v10. Descriptive statis-
tics involving population pyramid and cross-tabulations were used to present the
profile of the in-patients.
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The total number of inpatients in Mulago national referral hospital was 1,763 at
the time of the survey. The majority of the patients were female (60 %), youth (15—
24 years) [40 %] or under-fives (<5 years) [18 %], from Kampala city and Wakiso
district (64 %), had attained at least primary level of education (53 %) but were
unemployed/low income earners (54 %). Of the patients seen, 29 % were admitted
on the surgical ward, 25 % on obstetrics and gynecology ward, 20 % on the medical
ward, 18 % on the pediatric ward, 5 % on the cancer institute and 1 % on the psy-
chiatric ward. Very few inpatients (8, 0.5 %) were from outside the country. These
results add more support for the need to decongest the national referral hospital e.g.
by building other general hospital facilities in the city.

Keywords Mulago Hospital National Referral Hospital ¢ In patient survey e
Surgical ward * Obstetrics and gynecology ward * Medical wards ¢ Pediatric ward *
Cancer institute * Psychiatric ward

Introduction

Mulago Hospital was founded in 1913 by Albert Ruskin Cook [1] and it started as
a Sexually Transmitted Disease and Trypanosomiasis treatment centre. The new
and main part of the hospital was completed in 1962, at the time of the country’s
independence. It has 1,790 beds and runs on an annual budget of UShs 56.8 billion
(US$22.7 million) [2] which is far below the amount required for full functioning.
The government budgetary allocation to the health sector is, on average, 9.6 % of
the total government budget [3] and Mulago hospital alone consumes approximately
12 % of it [2]. On a daily basis the hospital receives 6,000—7,000 outpatients and
2,000-3,000 inpatients per day (Executive Director Mulago Hospital, 21 May 2014,
State of Mulago Hospital, Personal communication, Kampala). In terms of staffing,
the hospital has 87 % of its approved posts (2,423/2,801) filled by the health work-
ers [4]. The Hospital is a University teaching hospital and offers comprehensive
specialist clinical services that include psychiatry, Ear, Nose and Throat (ENT),
ophthalmology, higher level surgical and medical services, general medical ser-
vices, pediatric and clinical support services (laboratory, medical imaging, pathol-
ogy), as well as conducting health research [3]. Of note is that up to today (2014),
the hospital has no geriatric medicine service, despite an increasing population of
people aged 60 years and above. The Administration of the hospital runs through
seven directorates namely: Medical, surgical, diagnostics, obstetrics and gynecol-
ogy, pediatrics and child health, finance and administration, as well as Private
patients services.

The patient demand for specialist services at most referral facilities in Africa
greatly varies depending on whether a particular service is available at the health
facility in their neighborhood. For instance, a study carried out at Muhimbili referral
hospital in Tanzania found that of all the patients who presented at the referral facil-
ity, the (36.8 %) sought for surgical services, followed by obstetrics and gynecology
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services (29.9 %), general medicine (18.9 %), pediatric and neonatal services (9.4).
Only 3.5 % sought psychiatric services, while 1.5 % sought other services [5]. Some
patients also presented to the referral facility simply because the facility was the one
nearest to them, instead of visiting lower level facilities where their conditions could
easily be managed. This contributes to unnecessary congestion and inappropriate
use of referral facilities [5, 6].

The immediate catchment population of Mulago hospital is estimated at three
million people (9.4 % of national population) in Kampala city and neighboring dis-
tricts while the wider catchment population is the nation’s estimated 35.4 million
people [7]. At the current national population growth rate of 3.2 % and 5.6 % for
Kampala city the catchment population is bound to increase considerably [7, 8].
The government and Kampala Capital City Authority (KCCA) have started imple-
menting plans to decongest the hospital and already one large hospital has been
constructed at Nagulu 4 km away from Mulago NRH. Information on the kind of
patients which Mulago hospital admits is, however, very scanty yet it would guide
on the nature and capacity needed for the new health infrastructural developments
in the city and neighboring districts. This paper provides a socio-demographic
description of the in-patients currently seen at the hospital.

Methods

A 24 h census of all in-patients at Mulago national referral hospital was carried out
starting at 8 am of the 14th of July and ended at 8 am of 15th July 2010. The main
objective of the census was to determine the prevalence of life limiting illnesses at the
hospital but this paper re-analyses the data to focus on description of the patients. The
main method of data collection was record review using a standardized transcription
form on which all information from the patient file was recorded. All wards were vis-
ited. One hundred eighteen health workers, mostly nurses and midwives, were selected
and trained for data collection. The data collectors worked in shifts. Information was
collected on the patient’s records and through observations. It included demographic
and social characteristics, area of residence, attendants and date and time of admis-
sion. All data collected were entered in epidata V3 software whose data entry screen
had been fitted with range and consistency checks. The data were exported to STATA
V12 for analysis which involved basic frequency and cross-tabulations.

Results

General Description

Overall, there were 1,763 inpatients from the existing 40 wards in the hospital at the
time of the survey giving a bed occupancy rate of 98.5 %. Of the 1,763 patients,
29 % were admitted on the surgical ward, 25.4 % to the obstetrics and Gynecology



36 N.M. Tumwesigye et al.

ward, 20.2 % to the medical ward, 18 % to the pediatric ward, 5 % to the cancer
institute, 1 % to both the psychiatric and heart institute (Fig. 3.1). The figure further
shows that the commonest cause of admission among men were conditions that
needed surgery while among women it was obstetrics and gynaecology (birthing)
conditions. The next common cause of admission among males was paediatric
related conditions while among females it was conditions that need surgery.

Figure 3.2 shows a population pyramid for patients in Mulago and the national
population pyramid. While patients’ age distribution is not expected to be the same
distribution with the general population the figure is an important tool for descrip-
tion and discussion of in-patients. It is clear that under 5 s and women in middle
ages were the most prevalent in-patients. Those aged 60 years and above were 10 %
of the in-patients. Nationally the proportion aged 60 years and above is 2.5 % [9].

Table 3.1 shows general characteristics of the inpatients found in the hospital on
the census day. Expectedly, close to a half (44 %) of the inpatients originated from
Kampala city while 20 % come from Wakiso district which almost encircles
Kampala. Other neighboring districts contribute 11 % while other districts contribute
almost a quarter (24 %). Most of the in-patients were married (39 %) and this was
more evident among women (44 %) than men (35 %). The number of divorced was
11 % and it was higher among women (14 %) than men (6 %). When the under
15 year olds and those missing information are deducted the proportion of the wid-
owed/divorced becomes 15.5 %.

The most prevalence education attainment is primary level (36 %) and it was
nearly the same for men and women. The next prevalent is secondary education.
Education level was not applicable to 18 % of the inpatients because they were
under 5 years old.

100% - 4 1 4

5.4 4.7 5
90% s I
80% 25.4 254 |—
70% 42.2 B Heart Institute
O Cancer Institute
80%1 18 B Psychiatry
50% - O Obs/Gae
13.1 O Peadiatrics
40% 1 B Surgical
30% - @ Medical
20%
10% 22.4 18.7 202 |——
0%
Men Women All

Fig. 3.1 Distribution of the in-patients by sex and ward
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Fig. 3.2 Distribution of the inpatients by age and sex compared to the national distribution

The religious distribution of the in-patients reflected the country’s picture in that
all major religions were represented except that the level of representation differs.
For example according to the 2001 national census Catholics were 41 % while
Muslims were 15 %. During the study night at the NRH the Catholics were 33 %
while Muslims were 22 %.

The occupation distribution showed high unemployment levels among these
inpatients. Nearly a third (30 %) were not employed, 16 % were peasant farmers
while those engaged in manual labour were nearly 9 %. Since manual labour and
peasant farming are normally regarded as low paying employment this puts the
prevalence of unemployed/low income inpatient at 54 %. When children under 15
those whose information is missing are left out the proportion of the unemployed/
manual labour/peasant farmers rises to 74 %.

Ward Specific Descriptions

Table 3.2 shows the ward specific information. In this section the inpatients are
described ward by ward.

Medical Wards

In the medical wards, females (57 %) were more than males (44 %) and it was
dominated by people aged 25-55 years (60.2 %). The distribution by district shows
most people were from either Kampala or Wakiso district (74 %). The majority
were either married or single. Being from mainly urban area explains the rela-
tively high proportion that had attained tertiary level education (12 %).
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Table 3.1 Overall background characteristics of the in-patients by sex

Characteristics Males Female All Chi-sq test
Age group

<5 163(23.2) 147(14.0) 310(17.6) | p<0.001
5-14 74(10.5) 55(5.2) 129(7.4)

15-24 93(13.3) 246(23.4) 339(19.3)

25-34 130(18.5) 234(22.2) 364(20.8)

35-44 85(12.1) 131(12.5) 216(12.3)

45-54 57(8.1) 109(10.4) 166(9.5)

55+ 100(14.3) 130(12.4) 230(13.1)

District

Wakiso 133(18.9) 220(20.8) 353(20.0) |p<0.001
Kampala 281(39.9) 501(47.4) 782(44.4)
Neighboring districts 90(12.8) 101(9.6) 191(10.8)

Other districts 199(28.2) 230(21.7) 429(24.3)

Outside the country 2(0.3) 6(0.6) 8(0.5)

Marital status

Single 150(21.3) 183(17.3) 333(18.9) |p<0.001
Married 244(34.6) 438(41.4) 682(38.7)
Divorced/widowed 41(5.8) 146(13.8) 187(10.6)

Not applicable? 234(33.2) 202(19.1) 436(24.7)

Missing information 36(5.1) 89(8.4) 125(7.1)

Education

None 64(9.1) 143(13.5) 207(11.7) | p<0.001
Primary 239(33.9) 381(36.0) 620(35.2)

Secondary 149(21.1) 285(26.9) 434(24.6)

Tertiary 69(9.8) 79(7.5) 148(8.4)

Not applicable (<5 years) 162(23.0) 146(13.8) 308(17.5)

Missing information 22(3.1) 24(2.3) 46(2.6)

Religion

Catholic 221(31.4) 357(33.7) 578(32.8) | P=0.178
Protestant 273(38.7) 366(34.6) 639(36.3)

Moslem 154(21.8) 225(21.3) 379(21.5)

Pentecostal 38(5.4) 86(8.1) 124(7.0)

Other Christian 15(2.1) 19(1.8) 34(1.9)

Missing 4 (0.6) 5(0.5) 9(0.5)
Occupation

None 157(22.3) 367(34.7) 524(29.7) | p<0.001
Peasant farmer 106(15.0) 168(15.9) 274(15.5)

Business 71(10.1) 113(10.7) 184(10.4)

Manual labour 61(8.7) 91(8.6) 152(8.6)

Formal employment 76(10.8) 76(7.2) 152(8.6)

Not applicable? 208(29.5) 187(17.7) 395(22.4)

Missing information 26(3.7) 56(5.3) 82(4.7)

All 706(400.0) 1058(60.0) 1,763(100.0)

*Mostly under 15 years
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The proportion categorized as unemployed/low income earners was 65 % but when
the under 15 year olds and whose information is missing are excluded, this becomes
70 %. The median number of days patients had stayed in the hospital was 6.

Surgical Wards

The surgical wards were dominated by males (61 %) and like the medical wards
people aged 25-55 years were the dominant majority with only a fifth of the inpa-
tients being aged 55 years and above. Unlike the medical wards, the highest propor-
tion of the inpatients on the surgical wards were from other upcountry districts
(36 %). Two fifth of the inpatients were married and 35 % had attained at least pri-
mary education. Over 59 % were unemployed or had low income employment and
this proportion becomes 71 % after removing the under 15 year olds and those
whose information was not given. Inpatients on the surgical wards stayed for a
median of 11 days in the hospital.

Paediatrics Wards

The paediatric ward was dominated by male children (56.3 %) mostly aged under
5 years (80 %). They were mainly from Wakiso and Kampala (78 %). The ward had
the least proportion of inpatients referred from upcountry (11 %). Occupation, mari-
tal status and education are not applicable to the in-patients. Inpatients on the ward
had on stayed for a median of 3 days.

Obstetrics and Gynecology Wards

A high percentage of these (76 %) were aged 15-34 years and were mainly from
Wakiso and Kampala (76 %). They were mainly married (62 %) with a sizable pro-
portion having attained at least secondary education (48 %). Notably, the ward had
the second highest proportion of inpatients unemployed (47 %) and (71 %) can be
classified as unemployed/low income earners. The median number of days inpa-
tients had stayed at the hospital was 3.

Psychiatry Ward

There were few psychiatry in-patients (18) and a higher proportion were women.
They were inpatients from different age groups which were almost equally distrib-
uted. Of the adult psychiatric inpatients, over 39 % were from Kampala with refer-
rals from districts neighboring Kampala and Wakiso district being 17 % and those
from upcountry districts being 23 %. More than a half (56 %) were single and 67 %
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had attained at least secondary school education and 60 % were unemployed. Data
on length of stay were not available for the inpatients on the ward. There were no
special psycho-geriatric beds but six children’s beds.

Cancer Institute

The cancer institute was dominated by women (57 %) and people aged over 34 years
(59 %) and they were mainly referrals from districts outside Kampala and the
upcountry districts (76 %). Twenty eight percent had attained secondary level edu-
cation. Thirty six percent were married while more than a fifth (22 %) were wid-
owed or divorced. Thirty nine percent had attained primary level education while
28 % had attained secondary level. Thirty nine percent did not have a job while
67 % can be classified as belonging to the unemployed/low income group. The
median number of days inpatients had stayed on the ward was 17.

Heart Institute

In the Heart Institute there were few (18) in-patients who were mainly females
(61 %) and aged 45+ (61 %). A half of these had been referred from other districts
beyond Kampala and surrounding districts. They were mainly married (44 %) or
single (22 %). Thirty nine percent had attained secondary level education and the
same proportion was unemployed. Fifty percent can be classified as unemployed/
low income earners. Only five patients had information on length of stay and the
median was 1 day.

Discussion

The results from this short study have shown that most inpatients in Mulago national
referral hospital are female (60 %), youth (15-34) [40 %] or very young (<5) [18 %],
from Kampala city (44 %) or Wakiso district (20 %), married (39 %) or single
(19 %), had attained at least primary level of education (53 %), and were unem-
ployed/low income earner (54 %). However, there were variations in profiles of in-
patients by kind of ward. Of the 1,763 patients, 29 % were admitted on the surgical
ward, 25.4 % to the obstetrics and Gynecology ward, 20.2 % to the medical ward,
18 % to the pediatric ward, 5 % to the cancer institute, 1 % to both the psychiatric
and heart institute. Among males the commonest causes were surgical (44 %) and
pediatrics (25 %) while among females they were obstetrics and gynecology related
conditions (29 %) and those that need surgical services (19 %). Very few (eight)
inpatients were from outside the country.

The results above have some similarity with those found in Bangladesh. A study
by Begum et al. found that 53 % of those in lowest income quintile accounted for
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53 % of use of public health services [10]. The users were also more likely to be
uneducated. Also the distribution of the inpatients by ward is similar to that found
in Muhimbili National referral hospital in Tanzania where they also found that
inpatients mostly sought surgical services (37 %) followed by obstetrics and gyn-
aecology services (30 %) and (19 %) paediatric services [5]. It is highly likely
these referral cases came from areas where there was a deficit in provision of surgi-
cal and medical services and so they sought out for these services at the referral
facilities.

The fact that the commonest cause of admission among men were conditions that
needed surgery could imply that male medical conditions were appropriately man-
aged at the lower level facilities while among women it was obstetrics and gynaeco-
logy conditions, indicating a challenge in provision of obstetric and gynecological
conditions at those lower facilities. This is more so in Kampala and Wakiso districts
as the majority (76 %) of inpatients on the Obstetrics and Gynecology wards were
from these districts.

Most of the inpatients originated from Kampala city and Wakiso district (which
surrounds Kampala). This could reflect a deficiency of primary health care facilities
in these districts, and so patients were forced to visit a referral hospital despite the
fact that they could have been handled at lower level facilities. It could also mean
that Mulago is the nearest health facility to them and so it was easier for them to
visit Mulago other than other facilities.

The high proportion of the unemployed/low income earners among the inpatients
could indicate that the utilization of this facility is mainly by lower level socioeco-
nomic status who may not afford to seek for the expensive private health facility
services. It also suggests the government should continue offering free services at
the facility since the majority of the patients were low income earners and of low
education status.

The surgical ward had the highest proportion of the inpatients from other dis-
tricts (36 %). This may imply that there is still a limitation in the management of
surgical cases in these districts and thus requiring scaling up of surgical services in
upcountry facilities. The fact that the paediatric ward had the least proportion of
inpatients referred from upcountry could indicate adequate capacity to handle pedi-
atric cases upcountry.

Although the Cancer and the Heart institutes had the least number of in patients
(5 % and <1 %, respectively), most of these were patients from districts outside
Kampala. This goes to show the challenge of managing cancer and heart condition
at peripheral health facilities. In most cases the difficulties is compounded by inad-
equate diagnostic equipment and a lack of highly specialized personnel at the
peripheral health facilities to manage these conditions, hence the need to seek for
services at Mulago hospital. Psychiatric cases were also few indicating poor utiliza-
tion of psychiatric services at general hospitals as is common elsewhere in Africa.
The absence of geriatric services at Mulago hospital was a glaring omission which
could explain old age degenerative disorders are poorly reflected in the hospitals
statistics.
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Conclusion

Most of the inpatients had low level of education (primary) regardless of sex, with
high levels of unemployment.

The under 5 s and women in the age bracket of 25-55 constituted the biggest
majority of the in-patients. Those aged 60 years and above were 10 % of the
in-patients.

Most inpatients originate from Kampala and Wakiso districts and most were on
the surgical wards, obstetrics and gynecology wards, medical wards and the pediat-
ric wards. The commonest conditions responsible for causing admission were surgi-
cal amongst men and obstetric and gynaecological amongst the women.

There was a conspicuous absence of geriatric services despite 10 % of the inpa-
tients being above 60 years old.

Recommendations

The results add more support for the current efforts to decongest the national refer-
ral hospital. More resources should be sought to build other hospitals in the city,
Wakiso district and surrounding districts to decongest the National referral hospi-
tals. The new facilities should focus more on obstetrics and gynecology, surgical
and paediatrics services. There is also a need for a geriatric medicine department.

The standard of Mulago National referral hospital needs to be raised so that it
appeals for all categories of the population of the country including the middle and
high income groups. That way, it will attract more resources from within and out-
side the country.

This study could have been more easily carried out using hospital records if they
were computerized. We recommend that the government looks for funding to com-
puterize all medical records of the hospital. This will reduce expenditure on moni-
toring and evaluation of the services in the hospital.
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Chapter 4
HIV-Associated Cognitive Impairment
in Sub-Saharan Africa

Noeline Nakasujja

Abstract The HIV/AIDS epidemic is now in its fourth decade in Sub-Saharan
Africa where survival of HIV infected individuals has resulted in an increased bur-
den of cognitive impairment among People Living With HIV/AIDS. The greatest
risk for the impairment has been among those who are older and of female gender.
Various categories of cognitive impairment are now more recognised as affecting
the HIV population. The classification for the impairment currently follows the
Frascati criteria that subgroups the HIV-Associated Neurocognitive Disorders
(HAND) into: HIV Associated Asymptomatic Neurocognitive Impairment (ANI),
HIV-1 Associated Mild Neurocognitive Disorder (MND) and HIV 1 Associated
Dementia (HAD).

Using cross cultural neuropsychological tools, it has been possible to have
screening instruments for detection of possible cases of HIV-associated cognitive
impairment that are then further evaluated for confirmation specific impairment.

Among untreated patients with HIV dementia there is a close association with
the inflammatory response and cerebral spinal fluid viral load. With the exception of
combination antiretroviral therapy, no adjuvant treatments including drugs like
minocycline have proven to be effective in reversing HIV-associated neurocognitive
impairment.

As long as there is continued limitation on the availability of ART in sub-Saharan
Africa, HAND will continue to cause significant HI'V-related neurocognitive prob-
lems in SSA where the highest HIV infection burden occurs.
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Introduction

The HIV/AIDS epidemic is now in its fourth decade in Sub-Saharan Africa (SSA).
With the increasing availability of combination Antiretroviral Treatment (cART),
there has been an observed increase in the survival of HIV infected individuals and
this has increased the burden of cognitive impairment among People Living With
HIV/AIDS (PLWHIV). Whereas previously only severer forms of cognitive impair-
ment would be detected, categories of mild to moderate impairment are now more
recognised as affecting the HIV population [1]. About half of all treated patients
with HIV have cognitive impairment, which represents little improvement compared
with the pre-cART era. The pattern of cognitive dysfunction is becoming similar to
that observed in other chronic degenerative diseases like Alzheimer’s [1]. Even with
the increased abundance of cART which was initially thought to be the solution to
cognitive impairment associated with HIV, the prevalence of the overall figures is
still staggering [2, 3]. Multiple challenges arise in SSA where individuals are still
limited on the type of antiretroviral regimen they can have access to. It is often sug-
gested that only some cART regime would be the best in penetrating through the
blood brain barrier. However the affected individuals are usually poor and depend
on what national programs provide in the health systems. Though there is an
improvement in survival, individuals suffer the complications that arise with the
continued effects of the virus on the brain with an inability of circulating cART to
have an effect on the virus within the brain [4]. Nevertheless, the severe forms of
neurocognitive impairment that are severely debilitating which often led to death
within a year are less [1, 5]. Among patients with severe forms of cognitive impair-
ment, Sacktor et al., have shown that there can be a reversal in the degree of impair-
ment with cART [2, 6]. With the exception of cART, no adjuvant treatments
including drugs like minocycline have proven to be effective in reversing HIV-
associated neurocognitive impairment [7]. In addition, studies have shown that
there is viral escape, where the virus compartmentalizes in cerebral spinal fluid
(CSF) escaping the effects of circulating ART thus making the sufferer to continue
with cognitive decline [4, 8].

Assessment for HIV-Associated Cognitive Impairment

The classification for cognitive impairment in HIV/AIDS has changed due to refine-
ments in criteria that assess the levels of impairment. Previously the term AIDS
dementia complex [5] was used to refer to any HIV-related cognitive impairment.
Later, two categories were designated by the American academy of neurology
namely; Minor Cognitive Motor Disorder (MCMD) and HIV Associated Dementia
(HAD) [9]. Recent refining the definitions of HIV-associated cognitive impairment
using neuropsychological test measures have catered for normative comparisons.
These tests are, however, not feasible for routine clinical testing and require



4 HIV-Associated Cognitive Impairment in Sub-Saharan Africa 51

expertise and training even for field studies. Currently the Frascati criteria are used
in the determination of the different levels of cognitive function in HIV positive
individuals. This neuropsychological assessment surveys the following cognitive
abilities: verbal/language; attention/working memory; abstraction/executive; mem-
ory (learning; recall); speed of information processing; sensory-perceptual, motor
skills [9].

Due to limitations in studies of population prevalence data in Africa, most
reported studies are of cases identified in HIV care centres and are thus unlikely to
represent the community prevalence of the neurocognitive burden brought on by
HIV. The use of cross cultural tools to measure cognitive impairment has, however
helped clear this picture. A number of recent studies towards this goal have been
conducted in Uganda, South Africa and West Africa and these instruments have
proven possible for use by non-psychologists [10—13]. Using such tools, it has been
possible to have screening instruments for detection of possible cases of HIV-
associated cognitive impairment that are then further evaluated for confirmation of
the impairment.

One main screening instrument that has been in use since the early 2000 is the
International HIV Dementia Scale, IHDS [14]. This instrument was validated in
Uganda on a sample of HIV positive individuals and has since been used in a num-
ber of other researches on the continent. However the sensitivity and specificity of
the instrument are only at 88 % and 55 % [14]. In another validity study by Joska
et al. [15], conflicting results showed the IHDS instrument to have a sensitivity and
specificity of 45 % and 79 % respectively [15]. The authors then, recommended the
inclusion of brief tests for executive function to help improve the IHDS as a screen-
ing instrument that would reduce the rate of false negatives. In West Africa similar
findings to those in Uganda were found in a study where 85 % of screened individu-
als tested positive on the IHDS [13]. However the rather high figures indicate the
low specificity of the instrument that can be further improved.

Classification for HIV-Associated Neuro-cognitive
Disorders, HAND

The term used today to refer to all kinds of neurocognitive impairment associated
with HIV infection is HIV-Associated Neurocognitive Disorders or HAND. There
are three recognized categories for this classification: HIV Associated Asymptomatic
Neurocognitive Impairment (ANI), HIV-1 Associated Mild Neurocognitive
Disorder (MND) and HIV-1 Associated Dementia (HAD). The classification has
therefore been modified as indicated in the summarized Table 4.1 for the spectrum
of cognitive disorders associated with HIV [9].

Concerns on the above classification are pointed towards the category of asymp-
tomatic neurocognitive impairment (ANI) in which only one test is required to
fulfil the diagnostic criteria even though two tests are recommended for assessing
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Table 4.1 Classification of HIV-associated neurocognitive disorders (HAND)?

ANI

MND

HAD

HIV-associated asymptomatic neurocognitive impairment

Cognitive impairment involving at least two cognitive domains (performance of at
least 1 SD below the mean for norms on neuropsychological tests)

1. The cognitive impairment does not interfere with everyday functioning

2. The cognitive impairment does not meet criteria for delirium or dementia

3. There is no evidence of another pre-existing cause (like depression or substance

abuse)

HIV-1-associated mild neurocognitive disorder

Cognitive impairment involving at least two cognitive domains (performance of at

least 1 SD below the mean for norms on neuropsychological tests)

1. The cognitive impairment produces at least mild interference in daily functioning

(at least one of the following):

i. Self-report of reduced mental acuity, inefficiency in work, homemaking, or
social functioning
ii. Observation by knowledgeable others that the individual has undergone at least

mild decline in mental acuity with resultant inefficiency in work, homemaking,
or social functioning

2. The cognitive impairment does not meet criteria for delirium or dementia

3. There is no evidence of another pre-existing cause for the MND

HIV-1-associated dementia

Marked cognitive impairment involving at least two cognitive domains (performance

of at least 2 SD below the mean for norms on neuropsychological tests)

1. The cognitive impairment produces marked interference with day-to-day

functioning in work, home and social activities

2. The marked cognitive impairment has been present for at least 1 month

3. The pattern of cognitive impairment does not meet criteria for delirium (e.g.,

clouding of consciousness is not a prominent feature); or, if delirium is present,

criteria for dementia need to have been met on a prior examination when delirium

was not present

4. There is no evidence of another, pre-existing cause for the dementia (e.g., other

CNS infection, CNS neoplasm, cerebrovascular disease, pre-existing neurological

disease, or severe substance abuse compatible with CNS disorder)

Frascati criteria HAND categories

each cognitive domain. This translates to 20 % of cognitively normal HIV-positive
individuals being misclassified as having ANI as a result of many confounding fac-
tors; a major one being the definition of functional impairment. Gisslén et al. [16],
have cautioned on the applicability of this classification and argued its modification
as being warranted. For patients with HAD there is marked acquired impairment in
cognitive functioning, involving at least two ability domains. Typically the impair-
ment is in multiple domains, especially in learning of new information, slowed
information processing, and defective attention/concentration [10, 17]. Table 4.1
summarizes the criteria for HAND classification.
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The Central Nervous System (CNS) and HIV
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Fig. 4.1 HIV infection of CNS cells

Pathogenesis of HIV-Associated Neurocognitive
Disorders, HAND

The direct effect of the HIV virus on the body is on the cellular immune system
through depletion of infected CD4 lymphocytes [18]. The effects on the neurologi-
cal system are through a similar mechanism of attack of brain macrophages and the
production of neurotoxins which subsequently damage the brain neurons. Among
untreated patients with HIV dementia, there is a close association with the inflam-
matory response and CSF viral load [19]. Figure 4.1 summarizes the pathogenesis
for HAND [20].

HIV-Associated Cognitive Impairment: Evidence
from Studies in Uganda

The prevalence of neurocognitive impairment associated with HIV has been consid-
erably researched in Uganda. The initial prevalence among ART naive individuals
found at 31 % has increased to 41 % in more recent years in the population with
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higher CD4 counts [3, 14]. The greatest risk for the impairment has been older age
and female gender [2, 11]. When tested over time, the initiation of cART contrib-
uted significantly to improvement in neurocognitive function in the short term
though when followed up over a longer period of time there seems to be no differ-
ence among individuals who are on cART versus those who are not especially if
they had moderate immunosuppression [2, 6]. Significantly noted in longitudinal
studies among HIV positive individuals with cognitive impairment are the persis-
tent high scores for depression symptoms even after an improvement in the neuro-
psychological functions tests of research participants. This underscores the
importance of HIV effects on the brain and the need to have such conditions appro-
priately screened and treated once identified [21].

There are mainly two common subtypes of HIV clades in Uganda i.e. clade A
and clade D. Among patients with advanced immunosuppression, clade D subtype
showed an association for neurocognitive impairment [22]. However, there was no
difference in the frequency of HIV dementia by clade subtype among those with
moderate immunosuppression [3] and no association with compartmentalization
between the cerebrospinal fluid and peripheral blood [3].

The double jeopardy of having HIV and psychosis or other opportunistic infec-
tions have been confirmed by Nakasujja et al. [7] who found that HIV positive indi-
viduals were almost three times more likely to be cognitively impaired on the Mini
Mental State Examination (MMSE) as well as on the following cognitive tests:
WHO-UCLA Auditory Verbal Learning Test, Verbal Fluency, Color Trails 1 and
Color Trails 2. Even when the psychosis cleared the impairment remained higher
for the HIV positive group [23]. Similarly, patients that had opportunistic infections
like cryptococcal meningitis and had significant short-term neurocognitive impair-
ment improved markedly on treatment with cART over the first 12 months [24].

Conclusion

For the majority of HIV positive patients there is impairment in neurocognitive
function. However, severe dementia rarely develops in patients on effective combi-
nation antiretroviral therapy, cART. Most patients with mild neurocognitive impair-
ment are clinically stable. The most likely HIV clade to be associated with HAD is
clade D and this is the most common clade in Uganda. Typical HIV disease bio-
markers (viral load or CD4) are not reliable predictors of HIV-associated cognitive
impairment, though inflammatory markers are associated with the impairment.
Neuroimaging and cerebrospinal fluid studies could provide new mechanisms to
improve our understanding of HIV-Associated Neurocognitive Disorders, HAND. In
the presence of depressive illness in cognitively impaired individuals, treating the
depression is important, however, even with optimum HIV therapy it is not suffi-
cient to avert cognitive impairment 100 %.

In conclusion, therefore, for as long as there is continued limitation on the avail-
ability of ART in sub-Saharan Africa, HAND will continue to cause significant
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HIV-related neuropsychiatric problems in SSA where the highest HIV infection
burden occurs. Even with the few that get cART milder forms of cognitive impair-
ment persist and alternatives in managing such impairments as memory complaints
should be instituted in clinical care.
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Chapter 5
Vitamin Deficiencies and Neuropsychiatric
Disorders in Sub-Saharan Africa

Michael Ssonko

Abstract Deficiencies of vitamins are associated with psychiatric illnesses either
by being the primary cause or an exacerbating factor. Psychiatric symptoms could
also lead to poor nutrition. Vitamin deficiencies may play a role in compromising
patient recovery. Vitamins are organic substances essential for several enzymatic
functions. There are 13 known vitamins which are either fat soluble (4 vitamins i.e.
KEDA) or water soluble (9 vitamins i.e. C, and the B group). For brain function,
B-vitamins are essential in the maintenance of myelin, neuro-transmitter production
and the methylation cycle. Fat-soluble vitamins are necessary in inflammatory regu-
lation, regeneration of antioxidants and genetic modification. Vitamin deficiencies
will, therefore, cause brain degeneration and will be associated with psychiatric
symptoms. Few studies of vitamin deficiencies have been carried out in Sub-Saharan
Africa. This chapter presents an overview of vitamins and their relation to neuro-
psychiatric disorders with the focus on Sub-Saharan Africa.

Keywords Vitamin deficiency ® Psychiatric symptoms ¢ Neurotransmission ® Brain
degeneration

Introduction

Deficiencies of vitamins are associated with psychiatric illnesses either by being the
primary cause or an exacerbating factor. Psychiatric symptoms could also lead to
poor nutrition. Vitamin deficiencies may play a role in compromising patient
recovery.

Vitamins are organic substances essential for several enzymatic functions. There
are 13 known vitamins which are either fat soluble (4 vitamins i.e. K, E, D, and A)
or water soluble (9 vitamins i.e. C and the B group).
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Regarding brain function, B vitamins are essential in the maintenance of myelin,
neuro-transmitter production and methylation cycle. Fat-soluble vitamins are neces-
sary in inflammatory regulation, regeneration of antioxidants and genetic modifica-
tion. Vitamin deficiencies will, therefore, cause brain degeneration and will be
associated with psychiatric symptoms. Few studies of vitamin deficiencies have
been carried out in Sub-Saharan Africa. Below is an overview of vitamins and their
relation to neuropsychiatric disorders with the focus on Africa.

Vitamin B1 Deficiency

Thiamine (Vitamin B1) is critical for glucose metabolism. It is a cofactor of
a-ketoglutarate dehydrogenase and pyruvate dehydrogenase enzymes both within
the citric acid cycle and transketolase enzyme in the pentose phosphate pathway.
Severe B1 deficiency which may result from chronic alcoholism, diabetes or malnu-
trition is usually associated with Wernicke’s encephalopathy (WE). WE is clinically
characterised by confusion, ataxia, and nystagmus. It is an acute neuropsychiatric
disorder which arises as a result of inadequate supply of thiamine to the brain.
Confusion and disorientation stem from the brain’s inability to oxidize glucose for
energy because B1 is a crucial cofactor in glycolysis and the citric acid cycle.
Deficiency leads to an increase in free oxygen radicals, cytokines, and alteration of
the blood—brain barrier permeability [1].

The WE pathology involves micro-haemorrhages, loss of neurons and gliosis in
the periaqueductal grey matter and in the mammillary bodies [2]. Inadequate treat-
ment of WE can predispose a patient to permanent brain damage: the Korsakoff
psychosis (confabulation, lack of insight, apathy, retrograde and anterograde amne-
sia). The amnesia of KS is probably due to the interruption of diencephalic-
hippocampal circuits involving the thalamic nuclei and the mammillary bodies [3].
It is recommended that routine management of patients with alcohol-related disease
should include thiamine even if neurological signs are absent as described in South
Africa [4]. Other thiamine deficiency presentations have been described in Africa.
Patients with tropical ataxic neuropathy usually on cassava diet showed evidence of
improvement when treated with thiamine [5].

Vitamin B2 (Riboflavin) Deficiency

Riboflavin is important for the reproduction of glutathione, a known antioxidant. B2
is needed to create the essential flavoprotein coenzymes for synthesis of
L-methylfolate and for proper utilization of B6. The majority of flavin coenzyme
systems help regulate cellular metabolism, whereas the rest are specifically involved
in carbohydrate or amino acid metabolism.
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Low B2 levels are more prevalent in depressed patients, possibly because of B2’s
role in the synthesis and function of glutathione [6].

Vitamin B3 Deficiency

Vitamin B3, Niacin, is an essential component of coenzymes NAD/NADP. Niacin
can be endogenously synthesized from its natural precursor, tryptophan, a process
that requires vitamins B2 and B6.

Pellagra, described as a “3D” syndrome that includes diarrhoea, dermatitis, and
dementia, results from niacin deficiency. The main aetiological factors of pellagra
are: a deficient diet in niacin; chronic alcoholism; malabsorption; drugs like isonia-
zid, pyrazinamide, ehtionamide, 6-mercaptopurine, phenobarbital and chloram-
phenicol. Neuropsychologic manifestations of niacin deficiency include asthenia,
depression, hallucinations, confusion, memory loss and psychosis [7].

Vitamin B6 Deficiency

Vitamin B6 (Pyridoxine) is crucial to glycolysis, the methylation cycle, and revital-
ising glutathione, which is an antioxidant in the brain. Pyridoxine is a coenzyme for
the synthesis of neurotransmitters i.e. serotonin, dopamine and GABA. Lower lev-
els of pyridoxal 5- phosphate (active form) as a result of low dietary and plasma B6
are significantly correlated with higher levels of depression with increased risk and
severity of depression in geriatric patients [8, 9].

Vitamin B6 deficiency is common (24-56 %) among patients receiving haemo-
dialysis [10]. Women who take oral contraceptives are at increased risk of vitamin
B6 deficiency [11].

Vitamin B9 (Folate)

Folate is required in synthesis of neurotransmitters found in the brain and in phos-
pholipid production. Dietary folate must be converted to L-methylfolate for use in
the brain. Folate deficiency and insufficiency are common among patients with
mood disorders and correlate with illness severity [12].

A meta-analysis of 11 studies of 15,315 persons found those who had low folate
levels had a significant risk of depression [13]. In Tunisia, bipolar I patients with
hyperhomocysteinemia were found to have reduced levels of folate [14].

Methylenetetrahydrofolate reductase polymorphism was associated with major
depression and bipolar disorder [15]. Clinical trials have shown that several forms
of folate can enhance antidepressant treatment [16].
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Vitamin B12 Deficiency

An essential cofactor, B12 (cobalamin) is needed to produce monoamine neu-
rotransmitters and maintain myelin. Psychiatric manifestations have been
described to occur in the presence of low serum B, levels but in the absence of
the other well-recognized neurologic and haematologic abnormalities of vitamin
B, deficiency [17]. The psychiatric illnesses caused by vitamin B12 deficiency
are depression, irritability, agitation, psychosis, and obsessive symptoms [18, 19].
Low B12 levels and elevated homocysteine increase the risk of cognitive decline
and Alzheimer’s disease and are linked to a 5-fold increase in the rate of brain
atrophy [20].

Low levels of serum cobalamin were found among 23 % of the 34 patients in
Tunisia with unexplained neurological symptoms without the presence of anaemia.
Among the 82 individuals with isolated psychiatric disorders, 14 % of had low
serum B12 levels [21]. Ranges of both Serum levels of folic and vitamin B12 levels
in a young adult Ugandan population were found to be similar to those in the west-
ern countries [22].

The prevalence of low serum vitamin B12 levels among psychiatric patients
admitted in Butabika mental hospital using Cobas E411 analyser for serum B12
assay was 28.6 %. The deficiency was 16.4 % [23]. Significant covariates indepen-
dently associated with low serum vitamin B12 levels included having a DSM-IV
diagnosis of Schizophrenia, duration of psychiatric illness >3 years and duration of
hospitalization <3 weeks. The female population was significantly associated with
protection from the low serum levels [23]. Irritable mood was a significant finding
among HIV infected ART naive adults in urban Uganda with suboptimal vitamin
B12 [24].

Ascorbic Acid or Vitamin C Deficiency

Vitamin C has important biological functions that include carnitine and neurotrans-
mitter biosynthesis, anti-oxidant protection and regeneration of folic acid and vita-
min E respectively [25]. Vitamin C’s primary role in the brain is as an antioxidant.
Oxidative neuronal damage in the free radical theory was supported by plasma vita-
min C levels being lower in older persons (aged 65 years and above) with dementia
compared to controls [26].

Depression has been found to be a classic psychiatric symptom of vitamin C
deficiency.

Ascorbic acid is a cofactor for dopamine beta-hydroxylase enzyme involved in
the conversion of dopamine (DA) to norepinephrine. Vitamin C is also a cofactor for
the tryptophan-5-hydroxylase enzyme which is required in the conversion of trypto-
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phan to 5-hydroxytryptophan (5-HT). Dopamine, noradrenaline, and 5-HT, have
important roles in the regulation of mood [27].

Vitamin C intake is significantly lower in older adults (age >60) with depression
[28]. Some research has shown that patients with schizophrenia have decreased
vitamin C levels and dysfunction of antioxidant defences [29].

Vitamin D Deficiency

Vitamin D is produced from cholesterol in the epidermis through exposure to sun-
light. Calcitriol the active form of vitamin D is derived from dermal synthesis or
ingestion of vitamin D. Increasing evidence reveals vitamin D’s role in brain func-
tion and development [30]. The pathophysiology of depression is linked to glial and
neuronal cells which possess vitamin D receptors [31].

Autism spectrum disorders (ASD) which suggest vitamin D deficiency is not
well elaborated in Africa compared to the western industrialized countries with high
technological development [32]. The prevalence of ASD among children with
developmental disorders in Egypt and Tunisia was documented as 33.6 % and
11.5 % respectively [33]. Among the co-morbid disorders diagnosed in association
with ASD among African children, intellectual disability was more common.
Belhadj et al. documented co-morbid intellectual disability in over 60 % of cases
that were studied [34].

Vitamin E Deficiency

There are 8 isoforms of vitamin E — 4 tocopherols and 4 tocotrienols — that func-
tion as fat-soluble antioxidants and also promote innate antioxidant enzymes.
Neuronal membranes are protected from oxidation by vitamin E hence reducing
inflammation of the brain. Tocotrienols are understood to mediate disease by
modifying transcription factors in the brain, for instance glutathione reductase,
and superoxide dismutase [35]. Depression has been associated with low plasma
vitamin E levels, although other factors excluding dietary intake have been con-
sidered [36].

Ataxia with vitamin E deficiency (AVED) is a rare autosomal recessive neurode-
generative disease that occurs in North Africa [37]. Its early identification is essen-
tial in order to initiate therapeutic and prophylactic vitamin E supplementation
before irreversible damage develops. In Uganda, 63 (30.3 %) of the 208 cases stud-
ied showed vitamin E deficiency. Among these, four of five patients with cerebro-
vascular accidents had vitamin E deficiency [38].
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Conclusion

There is minimal or no publications in Africa concerning vitamin deficiencies of
vitamins B,, B;, Bs, and C. Nonetheless the effect of vitamins on neuropsychiatric
disorders is not well studied in Sub Saharan Africa. These deficiencies may ulti-
mately lead to brain degeneration if not corrected as may be seen in none response
to psychiatric treatment.
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Chapter 6
Environmental Toxins as Causes of Brain
Degeneration in Sub-Saharan Africa

Tom H.A.M. Olewe

Abstract Brain degeneration, especially Dementia is a complex human disease.
The Alzheimer’s Association estimates that one in 10 persons over 65 and nearly
half of those over 85 have Alzheimer’s disease. There is paucity of data on the
prevalence of dementia in Sub-Saharan Africa. Available data suggests a general
prevalence of dementia at 6.4 % in Tanzania and HIV related dementia at 31 % in
Uganda. Despite the growing burden of dementia in low-income countries, there are
few previous data on the prevalence, causes and risk factors of dementia in sub-
Saharan Africa.

Therefore, it is important to identify protective and risk factors for dementia to
prevent this disease at an early stage. Several factors are related to dementia, e.g.
age, ethnicity, sex, genetic factors, physical activity, smoking, drug use, education
level, alcohol consumption, body mass index, co-morbidity, and environmental fac-
tors. Due to paucity of Sub-Saharan African data, this review looks at studies done
elsewhere to evaluate the association between environmental toxins and risk of
dementia, especially Alzheimer’s and Parkinson’s diseases. We have examined
whether evidence from previous studies on association between toxin environmen-
tal exposures and dementia is of sufficient strength to warrant specific recommenda-
tions for behavioral, lifestyle, or pharmaceutical interventions/modifications
targeted to these endpoints. We also suggest future research directions for research-
ers in dementia-related fields in Sub-Saharan Africa.
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What Is Dementia?

Dementia is an acquired complex of intellectual deterioration which affects at least
two areas of cognitive function. Decline must affect ability to function normally. It
is a syndrome, not a diagnosis. The executive functions which are affected include:
making a plan and carrying it out, weighing information and making good deci-
sions, initiating activities, appropriate social behavior as well as changes in person-
ality. Personality characteristics and denial of memory problems are also associated
with executive dysfunction. In addition, the cognitive impairments must be severe
enough to cause impairment in social and occupational functioning. Importantly,
the decline must represent a decline from a previously higher level of functioning.
The cognitive deficits occurring exclusively during the course of delirium, usually
short-term, should not be diagnosed as dementia. The Alzheimer’s Association esti-
mates that one in 10 persons over 65 years and nearly half of those over 85 years
have Alzheimer’s disease (http://health.usnews.com/health-conditions/brain-health/
alzheimers-disease, 30/10/12).

Types and Causes of Dementia

Some of the major disorders causing dementia are;

* Degenerative diseases e.g. Alzheimer’s disease, Pick’s disease etc.;

* Vascular dementia e.g. multi-infarct dementia;

* Anoxic dementia e.g. secondary to cardiac arrest);

* Traumatic dementia e.g. dementia pugilistica [boxer’s dementia];

* Infectious dementia e.g. Creutzfeldt-Jakob Disease, HIV-associated dementia
etc.

» Toxic dementia e.g. alcoholic dementia.

There are many different types of dementia (Table 6.1). It is however still
unknown how some diseases may be linked to dementia.

Risk Factors

Many factors can eventually lead to dementia. Some can’t be changed while other
can be addressed to reduce the risk.


http://health.usnews.com/health-conditions/brain-health/alzheimers-disease
http://health.usnews.com/health-conditions/brain-health/alzheimers-disease
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Table 6.1 Types of dementia

Percentage of all
dementia types
Type of dementia (approximate) (%) | Causes

Alzheimer’s disease 60 Degenerative disease causing “plaques
and tangles” to build up in the brain
tissues that kill and shrinks the brain

Lewy body dementia 15 Degenerative disease associated with
an accumulation of “Lewy Bodies” in
the brain causing impairment in
cognitive function

Mixed dementia 10 Combination of degenerative disease
and other type of dementia
Vascular dementia (multi- 5 Circulatory disease of heart and blood
infarct or mini-strokes) vessels resulting in stroke or mini-
stroke that damage areas of the brain
Other dementias 10
1. Frontal lobe dementia and 1. Affects frontal lobe, behavior
Picks disease problems
2. Creutzfeldt-Jakob disease 2. Viral disease
3. Multiple sclerosis, 3. Diseases of the nervous system

Parkinson’s disease,
Huntington’s chorea

4. Brain damage alcohol 4. Brain trauma, damage may improve
abuse, toxins if toxins are removed

Source: Modified from “Definition of Dementia,” (Compiled by Wisconsin Bureau of Aging &
Long Term Care Resources, Department of Health and Family Services 4/2403 rev. http://www.
dhs.wisconsin.gov/aging/dementia.htm, downloaded on 30/10/12)

Non-modifiable Risk Factors

e Age. The risk of Alzheimer’s disease, vascular dementia and several other
dementias increases significantly with age [1]. However, dementia isn’t a normal
part of aging.

¢ Family history. People with a family history of dementia are at greater risk of
developing it. However, many people with a family history never develop symp-
toms, and many people without a family history do. If they have specific genetic
mutations, they are at significantly greater risk of developing certain types of
dementia [2].

* Down syndrome. By the time they reach middle age, most people with Down
syndrome develop the plaques and tangles characteristic of Alzheimer’s disease,
according to studies [3]. Many, but not all, also develop dementia.


http://www.dhs.wisconsin.gov/aging/dementia.htm
http://www.dhs.wisconsin.gov/aging/dementia.htm
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Modifiable Risk Factors

The following factors can be controlled to reduce the risk of dementia:

e Alcohol use. Alcohol consumption is one possible risk factor for Alzheimer’s
Dementia, AD. Alcoholism is associated with extensive cognitive problems [4],
including alcoholic dementia [5]. The effects of alcohol on cognition, brain dis-
orders, and brain chemistry are somewhat similar to AD’s effects on these three
areas, it possible that alcohol use might increase the risk of developing AD [6].

* Atherosclerosis. This buildup of plaques is a significant risk factor for vascular
dementia as it may lead to stroke. Studies have also shown a possible link
between atherosclerosis and Alzheimer’s disease [7]

* Blood pressure. Uncontrolled hypertension is a risk of developing Alzheimer’s
disease and vascular dementia. Cumulative evidence implicates hypertension in
the pathogenesis of AD [8, 9]

e Cholesterol. High levels of low-density lipoprotein (LDL) cholesterol can sig-
nificantly increase the risk of developing vascular dementia [10]. Some research
has also linked high cholesterol levels in middle age each increase the risk of
going on to develop AD in later life [11].

* Depression. Late-life depression, especially in men, may be an early indication
for the development of Alzheimer’s-related dementia [12].

* Diabetes. People with Type 2 diabetes have an increased risk of developing both
Alzheimer’s disease and vascular dementia [13].

* High estrogen levels. High levels of total estrogen in women have been associ-
ated with greater risk of developing dementia [14—16].

* Homocysteine blood levels. Elevated blood levels of homocysteine — a type of
amino acid produced in the body — may increase the risk of developing
Alzheimer’s disease and vascular dementia [17].

* Smoking. It likely increases the risk of developing dementia because it’s a risk
factor for atherosclerosis and other types of vascular disease. Recent prospective
studies on cohorts without dementia suggest that smokers have a significantly
increased risk of dementia, including AD [18, 19].

Environmental Toxins and Dementia

Dementia may originate from environmental toxic substances, namely exposure to
heavy metals such as lead, mercury and aluminum; as well as to carbon monoxide,
solvents, pesticides and electromagnetic fields [20]. This tends to affect exposed
individuals at a relatively young age and the optimal preventative strategies include
avoidance of the toxic substances.

Toxic encephalopathy is a general term used to describe any sort of cerebral
damage that comes from the use of or exposure to toxic compounds, chemicals or



6 Environmental Toxins as Causes of Brain Degeneration in Sub-Saharan Africa 69

Table 6.2 Effects of environmental toxins on human health

Metal Organic diseases Neurologic and psychiatric effects [23]
Aluminum | Joint pain, bone calcium loss Dementia, Alzheimers, Parkinsons,
aneamia [24] Encephalopathy with loss of memory,

concentration and mobility
Arsenic Type 2 diabetes [25] Damage to the nervous system leading to
weakness, deafness, paresthesia, organic
psychosis with drowsiness, agitation,
stupor, delirium, schizophrenia
Cadmium Damage to kidney and lungs, No reference found at this stage
fragile bones, aneamia, increased
risk of cancer if inhaled [26]

Mercury Brain damage, Autoimmune Diminished intelligence, speech disorders,
diseases e.g. Rheumatoid Arthritis | restlessness, aggressiveness, visual and
[27], Cardiovascular diseases hearing disorders, polyneuropathy,
[28], liver cancer myasthenia gravis, Alzheimers

Nickel Allergies, dermatitis, Eczema [29] | Headache, dizziness, lack of sleep

Lead Hematological and Cardiovascular | Depression that may lead to suicide, lack
effects e.g. hypertension MLEWE | of attention, damage to visual intelligence
[55], kidney damage [30] and motor function, memory disorder,

learning difficulties, fatigue, agitation,
aggressivess, psychoses, hallucinations,
peripheral polyneuropathy,
encephalopathy, saturnism (lead poisoning)

Organic Stomach cramps, nausea, Cerebral edema with nausea, vomiting,
zinc vomiting, anaemia, damage to the | dizziness, visual disorder, cramps,
pancreas forgetfulness, fatigue, lack of interest,

headaches, sleeping difficulties

Source: Social, Health and Family Affairs Committee, Parliamentary Assembly of the Council of
Europe. Health hazards of heavy metals. Doc. 12613, 12 May 2011. http://assembly.coe.int/ASP/
Doc/XretViewPDF.asp?FileID=12818&Language=EN

metals [21]. This damage is sometimes reparable, but in cases in which the damage
persists, the risk for development of degenerative dementia increases.

Exposure to any kind of toxic substance with a negative effect on the brain can
cause toxic encephalopathy, and ultimately, the onset of dementia. Some of the most
common environmental toxic substances that can cause this damage are:

* Heavy metals: Mercury, lead, aluminum, arsenic, lead, toluene and lithium,
even in small doses, can have a long-term damaging effect on the brain [22] lead-
ing to both encephalopathy and dementia (Table 6.2).

* Pesticides: Many families of pesticides are known to contain neurotoxic proper-
ties [31] that cause serious central nervous system damage e.g., carbamates,
organophosphates, organochlorines, and bipyridyles [32]. Evidence consistently
suggests that a higher risk of Parkinson’s Dementia (PD) is associated with pes-
ticides and that a higher risk of AD is associated with pesticides [33].


http://assembly.coe.int/ASP/Doc/XrefViewPDF.asp?FileID=12818&Language=EN
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* Solvents: It is recognized that exposure to solvents can be neurotoxic [34].
However, an association between solvent exposure and neuro-degeneration,
particularly AD, has yet to be established. Some studies have demonstrated a
moderate-to-strong association between solvent exposure and AD, with a greater
effect in men and more years of exposure [35].

* Electromagnetic fields: Although no documented causal relationship between
occupational electromagnetic field (EMF) exposure and AD has been found, a
link between occupations involving exposure to electric and magnetic fields and
the subsequent development of AD has been hypothesized. Some research find-
ings [36] suggest that EMF exposure may contribute to an increased production
of b-amyloid in the brain, which might eventually result in AD.

* Carbon Monoxide: In patients with acute poisoning, 30 % or more may experi-
ence delayed onset of neuropsychiatric symptoms [37]. Symptoms include cog-
nitive and personality changes, dementia, psychosis, Parkinsonism, amnesia,
depression, and incontinence

Even small amounts of these toxic materials, especially over a long period of
time, can cause gradual mental deterioration.

Association Between Toxic Environmental Exposures
and Dementia

This section examines whether evidence from previous studies on association
between toxin environmental exposures and dementia is of sufficient strength to
warrant specific recommendations for behavioral, lifestyle, or pharmaceutical inter-
ventions/modifications targeted to these endpoints.

Williams et al. [38] identified a systematic review by Santibanez et al. [39], that
examined occupational risk factors for Alzheimer’s disease (AD), focusing on the
associations between AD and pesticides, solvents, electromagnetic fields, lead, and
aluminum in the workplace. The review included 21 case-control studies and three
cohort studies published between 1984 and 2003. Some studies examined multiple
factors, and number of studies and subject counts are included for each exposure.
Therefore, the study count in Table 6.3 exceeds the 22 studies identified. Case con-
trol studies were included in spite of the inherent weakness for establishing causal-
ity, due to paucity of data from cohort studies. Further, exposures to specific toxic
substances are relatively uncommon and would require very large sample sizes to
have sufficient power to detect an effect in general community samples.

Two cohort studies reported higher adjusted relative risks for AD with exposure
to defoliants and fumigants (RR 4.35; 95 % CI 1.05-17.90) and pesticides in men
[RR 2.39, 1.02-5.63] [40]. The single cohort study evaluating solvent exposure [41]
did not find an association with AD (RR 0.88; 95 % CI 0.31-2.50). Studies of lead
exposure were all case-control design and assessed as low quality; none showed a
statistically significant association with AD. One study of aluminum exposure was
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Table 6.3 Toxic environmental factors and risk of developing AD — characteristics of studies
reviewed by Santibanez et al. [39]

Risk factor Studies® Subjects® Countries
Solvents 10 case control 3,748 North America (6), Western
1 cohort 694 Europe (2), Asia (2), Canada
Electromagnetic 6 case control 6,205 U.S.A (4), Western Europe (2),
fields 1 cohort 20,068 US.A
Pesticides 4 case control 1,471 Canada (2), U.S.A (1), Australia
2 cohort 2,201 (1), Canada (1), France (1)
Lead 6 case control 2,182 U.S.A (4), UK (1), Australia (1)
Aluminium 3 case control 1,056 U.S.A (1), UK (1), Australia (1)

Source: Williams et al. [38] (Evidence Reports/Technology Assessments, No. 193.) Available
from: http://www.ncbi.nlm.nih.gov/books/NBK47456

*Some studies examined multiple factors, and number of studies and subject counts are included
for each exposure. Therefore, the study count in this table exceeds the 22 studies identified

case-control study and found no association with AD [RR 0.95; 95 % CI 0.5-1.9]
[42]. Similarly, the two other case-control studies [43, 44] did not find any
association between aluminum and AD. Rondeau et al. [45] in cohort study observed
that the risk of AD was increased for aluminum intake >0.1 mg/day (RR 1.34; 95 %
CI 1.09-1.65) and there was no dose response relationship.

Using a subgroup from the Canadian Study of Health and Aging (15 % of the
cohort), Kroger et al. [46] used a nested case-control design to evaluate the associa-
tion between blood mercury levels and AD. After a median of 4.9 years, individuals
in the 3rd (OR 0.41; 95 % CI 0.23-0.74) and 4th quartiles of exposure (OR 0.56,
0.32-0.99) were at lower risk for AD. However, the relatively low participation rate
may have introduced significant selection bias. Kamel et al. [47] observed that
exposure to certain pesticides may increase risk of Parkinson disease (PD), a cause
of dementia. Lee et al. [48] also found that traumatic brain injury and paraquat
exposure each increased the risk of PD moderately, with exposure to both factors
almost tripled PD risk. These environmental factors seem to act together to increase
PD risk in a more than additive manner.

Conclusions and Recommendations

In systematic review, few cohort studies examined the association between toxic-
environmental exposures and risk of dementia. Most case-control studies had
important methodological limitations that may have biased the results. Among the
exposures considered, only pesticides showed a consistent association with AD
and PD. Hence, there is justification for specific recommendations for behavioral,
lifestyle and pharmaceutical interventions/modifications to reduce exposure to
pesticides.
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Despite the growing burden of dementia in low-income countries, there are few
previous data on the prevalence, causes and risk factors of dementia in sub-Saharan
Africa. The prevalence of dementia of 6.4 % (95 % CI 4.9-7.9), in this rural
Tanzanian population is similar to that reported in high-income countries [49]. In a
Ugandan study 31 % of the HIV-positive patients were found have HIV-Associated
Dementia and these were frequently patients of advanced disease stage and
decreased CD4 count [50-52]. There is need for further research to determine the
general prevalence of dementia in Sub-Saharan Africa as well the measure of asso-
ciation between dementia and potential environmental toxins.
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Chapter 7

Childhood Threats to Adult Cognition

in Sub-Saharan Africa: Malaria, Anemia,
Stunting, Enteric Enteropathy,

and the Microbiome of Malnutrition

Jeffrey K. Griffiths and Joyce K. Kikafunda

Abstract Many common childhood conditions are associated with cognitive defi-
cits. While some causes of impaired cognition, such as lead exposure, are well
understood, other common conditions in countries such as Uganda — malnutrition,
anemia and malaria — are not sufficiently recognized. In this chapter we discuss
stunting and its root causes of undernutrition, a lack of sanitation and its relation-
ship to environmental enteropathy and the intestinal microbiome. We also review
information about iron-deficiency anemia and malaria, and their neurological and
cognitive consequences. We believe that cognitive declines later in life, during
adulthood, may be prevented or delayed by addressing these childhood threats to
cognition.
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Abbreviations

ALA Alpha linoleic acid

ApoE Apolipoprotein E

DHA Docosahexaenoic acid

DHS Demographic and Health Survey

EE Environmental enteropathy
EPA Eicosapentaenoic acid
GABA  gamma-aminobutyric acid
IDA Iron deficiency anemia

Pb Lead

PRBCs Parasitized red blood cells
TCA Tricarboxylic acid

Introduction: Looking Forward from Childhood to Adulthood

Dementia in adulthood is marked by a spectrum of behavioral and cognitive changes.
These include memory loss, difficulties with planning and solving problems, tem-
poral and spatial confusion, poor judgment and decision making. Following conver-
sations becomes difficult and withdrawal from social activities is common, as are
mood and personality changes such as confusion, depression, fearfulness, and anxi-
ety. Progressive declines in cognitive function may lead to the inability to recognize
family members or friends, and the need for assistance with dressing, toileting, and
other common activities of daily life. As the fluency of social interactions declines,
the burden of care increases for family members and spouses, and issues such as
financial competency and secondary medical illnesses arise. Understandably, a
focus on identifying and preventing causes of cognitive loss or the secondary com-
plications of dementia has arisen. The costs borne by individuals, by families, and
by society at large are high, and are predicted to rise as lifespans increase in many
countries. In this communication we extend the timeline for prevention backwards
from adulthood to infancy and even before birth (Fig. 7.1). We believe major oppor-
tunities for improving adult and elderly cognition are found in this approach.
Furthermore, we detail specific threats to cognition found in children, contextual-
ized to the situation of sub-Saharan Africa.

It is generally agreed that in adults, the prevention, identification, and treatment
of diabetes and the metabolic syndrome may prevent or delay cognitive decline. The
interactions between cardiovascular and cerebrovascular disease, Alzheimer’s dis-
ease, depression, and other conditions such as tobacco use are still being delineated.
For example, the presence of the apolipoprotein E (ApoE) €4 allele (gene), involved
in lipoprotein catabolism and modulation of the immune system, is predictive of
both the development of Alzheimer’s disease, and non-Alzheimer’s cognitive
decline as well [1]. However, we note that these causative conditions may differ
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Eliminate intra-uterine ‘starvation’ and epigenetic programming for
metabolicsyndrome and diabetes

Normalize weight gain in pregnancy, birth weights

Breastfeeding followed by diverse, adequate early diet, healthy eating habits

Prevent and treat anemia

Vidl 1

Culture of daily exercise

No malaria

No birth asphyxia Eliminate Pb and heavy metal exposure,
chemical and environmental brain toxins

Fig. 7.1 Childhood strategies to improve adult cognition

between the countries where these risk factors have been identified and a low-income
sub-Saharan country such as Uganda. For example, most (98-99 %) of the genetic
variation in the human race exists in Africa [2, 3]. Other genes besides ApoE are
likely important determinants of cognitive decline. Thus, the genetic contributions
to diabetes and the metabolic syndrome can be expected to differ between African
and non-African populations. Furthermore, traditional African diets are often low in
saturated fats and high in fruits and vegetables and are closer to the Mediterranean
diets than to the typical “Western’ diet which is high in animal protein and fats, and
low in fruits and vegetables. Lastly, there is now good evidence that promoters of
cognitive loss — diabetes, obesity, and cardiovascular disease — may evolve some-
what differently in low and middle income countries than in the better studied high
income countries [4-6]. All of these argue for additional research into not only
causation but also prevention for the African population.

A substantial body of literature has addressed the loss of both grey and white
matter brain in the aging brain, as well as changing neuronal morphology with
decreasing dendritic arbors and spines. Total brain volume loss, corrected for total
intracranial volume, has been shown to be predictive for the subsequent develop-
ment of cognitive impairment [7], as has volume loss of the amygdala and hippo-
campus [8]. In sum, studies conducted in adults has shown that diminished brain
volume, and architectural damage at the cellular level via microvascular disease,
contribute to cognitive loss. In thinking through the circumstances in sub-Saharan
Africa which may lead to cognitive loss, it is important that this central pathophysi-
ological mechanism be considered. As outlined below, the iconic illnesses we discuss
below are likely to all affect cognition through this well understood set of pathways.
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A consequence of this is that the biological plausibility for these illnesses being
relevant is quite high.

Once cognitive impairment is present, care of the individual includes the
prevention of infectious disease which becomes more common as dementia pro-
gresses. These include influenza and pneumococcal disease, urinary tract infections,
good oral hygiene to reduce the risk of aspiration pneumonia, and skin integrity to
prevent cellulitis and bedsores. This adds to the burden of disease and expenses
related to care of the affected individual. Although this is not the focus of our chap-
ter, the spectrum of such conditions may also differ between Western countries and
Africa, and childhood infections, vaccinations, and immunological experience may
prove important.

Prevention and treatment of cognitive loss is still an evolving topic. Dietary
interventions such as the consumption of fruits and vegetables with high levels of
anti-oxidants, omega(n)-3 (or ®-3) fatty acids, low intake of saturated fats, moderate
alcohol intake, and regular exercise are believed to reduce the risk of cognitive loss
by acting against a number of the underlying causal conditions, such as metabolic
syndrome or diabetes. A systematic review by Plassman et al. [9] examined studies
of factors in five domains: nutritional; medical, social, economic or behavioral;
toxic environmental exposures; and genetic. They identified the consumption of ®-3
fatty acids, vegetables and a Mediterranean diet, physical exercise, and cognitive
engagement as having at least some level of supportive evidence as ways to reduce
risk. (We note that many vegetables and components of the Mediterranean diet con-
tain alpha-linoleic acid (ALA), which can be converted to eicosapentaenoic acid
(EPA) and docaosahexaenoic acid (DHA), which are the two w-3 fatty acids found
in fatty fish). Recent studies of cognitive impairment in children in high-income
countries have tended to focus on the adverse effects of the heavy metal lead (Pb);
social neglect and abuse; and childhood chemotherapy. We note that heavy metal
contamination is frequently present in both high and low-income countries, and (for
example) that there is no “safe” level of exposure to lead since even low levels of
lead exposure can lead to permanent cognitive damage [10, 11]. However, in low
and middle income countries, such as Uganda, other threats to childhood cognition
exist. These include specific dietary deficiencies such as iron deficiency anemia,
early childhood stunting, and other forms of undernutrition, as well as diseases such
as malaria. Over 160 million children globally are stunted, and iron-deficiency ane-
mia is one of the most common nutritional disorders. Murray and colleagues esti-
mated in 2012 that 207 million cases of malaria occurred, primarily in pregnant
women and children in sub-Saharan Africa [12] There are well documented effects
of anemia on cognition; stunting is accompanied by microcephaly (abnormally low
brain volume) and decreased synaptic complexity; and both severe and asymptom-
atic malaria are now being linked to adverse cognitive outcomes.

We believe a common thread relates brain development in utero and in early
childhood to adult cognition and to the preservation of cognitive function in old age.
We posit that combatting common childhood conditions, such as those outlined
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below, will lead to improved adult cognition and productivity. This, in turn, will
decrease the risk that these individuals, as adults, will suffer from premature and
age-associated cognitive declines given their improved brain reserves.

Stunting, Environmental Enteropathy,
and the Gut Microbiome

Stunting is a physical manifestation of undernutrition which results in a child’s
height being 2 standard deviations or more below the median height for the child’s
age. Stunting is linked to poor cognitive development in childhood and adolescence,
diminished motor development, and lower 1Q. Stunted children perform less well
than normally nourished children in school and demonstrate poorer cognition. In
general, stunted children receive fewer years of schooling and demonstrate less pro-
ductivity once they achieve adulthood [13-16]. Risk factors for stunting are many —
they include undernutrition of the pregnant mother; inadequately nutritious diets; a
lack of exclusive breast feeding and socio-economic status and wealth; poor water
and sanitation; and many other factors which have been summarized in the recent
2013 Lancet series [17, 18]. New to the discussion of causality is the gut microbial
community, or the gut microbiota. This community forms a ‘microbiome,” or eco-
logical community which contains both normal and pathogenic organisms. (Strictly
speaking, the microbiome is the collective genomic structure of the microbiota, but
the terms are sometimes used interchangeably). The gut microbiome of normal chil-
dren is distinctly different from that of malnourished or obese children, and is influ-
enced by environmental exposures.

The presence of stunting is assessed by measuring a child’s height (or length)
and matching the measured height for age to that of a reference population of
normally nourished children of the same age. Given the normal Gaussian variation
of height, one expects 95.45 % of children to be within 2 standard deviations of
the mean, and~2.275 % of normal children to meet the definition of stunted.
Similarly, 99.73 % of children should be within 3 standard deviations of the mean,
with only 0.135 % of normal children having a height for age score 3 deviations
below the mean. (The latter is the definition for severe stunting). The Uganda
Demographic and Health Survey (DHS) conducted in 2011, however, reported
that 33 % of Ugandan children under 5 years of age are stunted, and 14 % are
severely stunted [19].

Stunting is accompanied by microcephaly, defined as an head circumference 2 or
more standard deviations below the age-adjusted mean. Microcephaly is related to
reduced brain volume. Brain growth is most rapid during the last trimester of preg-
nancy and the first year of life. Malnutrition results in smaller brain size, decreased
brain myelinization, DNA and neurotransmitter content, and less cortical dendritic
growth [20-22]. Prospective birth cohort data from diverse sites around the world
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have shown consistent relationships between early childhood stunting, and decreased
cognition, worse economic productivity and achievement, and adult health out-
comes [23-25]. It is difficult to imagine a disorder more ripe for attention that child-
hood stunting when it comes to adult cognition.

Transgenerational effects of stunting have been identified. The adverse effects
appear early and continue into adulthood. For example, stunted girls grow up to
become short women. Their birth canals are proportionately smaller, and the risk of
obstructed labor increases as maternal height declines. In some countries, a practice
of “eating down” (moderating food intake) in pregnancy exists, in recognition than
a larger baby will cause a more difficult delivery, especially in the setting of small
maternal size [26]. Maternal height is inversely associated with child mortality,
stunting, underweight and wasting, based upon an analysis of 109 DHS surveys
conducted in 54 low and middle income countries [27]. This study included data of
2,661,519 children born to 751,912 mothers after exclusion of outliers or incom-
plete case records. For every 1 cm increase in height, the risks of these outcomes
significantly decreased. Short stature mothers (<145 cm) had a~40 % greater risk of
a child dying than women >160 cm, and the prevalence of stunting and underweight
was doubled in the offspring of the shortest group after adjustment for confounding
variables such as socioeconomic and educational variables.

Maternal overweight and obesity is becoming more common globally just as
childhood overweight and obesity, and these appear linked, almost paradoxically, to
early childhood undernutrition via epigenetic programming, a form of metabolic
imprinting [28, 29]. By this we mean that nutritional gaps in utero predispose the
stunted infant to permanent changes in homeostatic mechanisms which favor the
later development diabetes, obesity, and the metabolic syndrome [30, 31]. For
example, in support of this thesis, low birth weight infants are at elevated risk of
childhood insulin resistance [25, 32], an hallmark of diabetes and metabolic syn-
drome, and hypertension and plasma triglycerides, after adjustment for current size
of the child at 9—10 years of age [33]. This form of permanent adaptation to the
conditions suffered in utero or in early childhood differs from accommodative adap-
tation, where a person’s metabolism changes to fit a temporary situation and eventu-
ally reverts back to a prior set point.

How, then, do these relate to environmental enteropathy and the intestinal micro-
biome? Scientists is the 1960s and 1970s identified a condition first termed tropical
and then environmental enteropathy (EE), as it is widely prevalent in tropical coun-
tries where environmental contamination is ubiquitous [34, 35] (Yet another term
has been proposed, “acquired environmental enteric dysfunction” [36]). It is char-
acterized by asymptomatic villous atrophy, affecting nutrient absorption, and an
inflamed, leaky intestine. This enteric dysfunction is characterized by increased
caloric needs to maintain growth, the chronic anemia seen with inflammatory condi-
tions, and increased gut permeability. In a series of landmark studies, Lunn and
other co-workers in the 1990s showed that the single best predictor of stunting was
gut permeability — an hallmark of EE [37]. Current thinking is that constant expo-
sure to fecal-oral contamination, and repeated episodes of infectious gastroenteritis,
“lead to a perpetual state of small bowel injury” [38]. Humphrey cogently synthesized
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this work going back to the 1960s forward and developed a simple yet accurate
story line: EE is caused by pathogenic fecal bacteria ingested by young children
living in unsanitary conditions [39]. In turn, the elevated metabolic demands of
enteropathy and state of chronic inflammation lead to growth retardation, poten-
tially through inflammation-mediated inhibition of the growth factor-insulin-like
growth factor axis [40]. Recent cross-sectional data from Bangladesh shows signifi-
cant relationships between fecal environmental contamination (based upon water
testing and an household inspection), the presence of environmental enteropathy,
and stunting [41]. The implication is clear: protect young children from the fecally
contaminated environment, and you prevent stunting and other forms of malnutri-
tion, and potentially the adverse adult consequences as well [42]. One needs clean
water and sanitation — toilets — to accomplish this.

The final piece to this evolving picture is the discovery that the microbiome of
malnourished children is not only abnormal, it can even promote malnutrition.
Smith et al. in 2013 [43] reported on studies in 317 genetically-identical twin pairs
in Malawi where one twin was normally nourished and the other had kwashiorkor,
a form of stunting that includes body edema (a puffiness from fluids that leak out of
the blood vessels and are not reabsorbed). The microbiomes of the normal and mal-
nourished twins were markedly different, and in the case of the malnourished chil-
dren less mature (the microbiota changes as a child gets older). Furthermore,
nutritional supplements designed to rehabilitate the malnourished children helped
them gain weight but did not change their microbiomes. Shockingly, when the
microbiomes of malnourished children were transferred into germ free mice fed a
Malawian diet, the mice lost~a third of their body weight in 18 days. In contrast,
the transplanted microbiomes of their better nourished siblings did not cause any
weight loss in mice. Metabolic analysis suggest that Biophilia wadsworthia, a
sulfur-consuming bacterium found in the altered microbiota of malnourished chil-
dren, consumes sulfur-containing amino acids which are already deficient in their
diets. (This common anaerobic organism in the human microbiota is the only known
intestinal organism to use taurine, a derivative of the amino acid cysteine, as its
source for sulphite, its final electron acceptor for respiration. Taurine is essentially
absent from vegan diets) [44]. Along the same lines, they found evidence that the
microbiome was selectively interfering in the harvesting of dietary energy via the
aerobic Krebs citric acid (tricarboxylic acid, TCA) cycle. Because it is well estab-
lished that our gut flora reflects both our diet and our environment, we posit that an
adequate diet and clean environment should prevent this circumstance.

In summary, we see that stunting is the product of under-nutrition (of both the
mother and the child), specific poor feeding practices and micronutrient deficits, a
lack of clean water and sanitation, the development of environmental enteropathy
and the presence of an abnormal microbiome. It is of no little interest that obesity is
associated with an abnormal microbiome, which if replaced through a fecal trans-
plant leads to improved insulin sensitivity. Metabolic syndrome, diabetes, and obe-
sity are characterized by low-grade inflammation, as well as increased gut
permeability (reviewed in Shen et al. 2013) [45]. Figure 7.2 relates these findings to
the microbiomes of normal and obese individuals.



82 J.K. Griffiths and J.K. Kikafunda

INSIDE YOUR GUT

Could malnourished
children benefit
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new microbiome?
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Microbiome
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Fig. 7.2 The gut microbiome contributes to both stunting and obesity, which may be related
through epigenetic programming. Both the malnourished and obese microbiomes are less diverse
than the microbiomes of normally nourished individuals

Iron-Deficiency Anemia (IDA)

Anemia is one of the leading nutritional disorders globally, and the third largest
cause of disability. The majority of anemia in children is due to iron deficiency,
often compounded by infectious diseases such as malaria and hookworm infection
which either destroy or consume red blood cells [46]. It has been repetitively identi-
fied as a predictor of decreased cognitive performance [47]. A number of studies
have identified iron deficiency anemia (IDA) in infancy and childhood as long-term
predictors of decreased cognition, even if treated with iron supplementation
(reviewed in Beard and Connor 2003) [48]. Iron is required for brain myelinization,
neurotransmitter (gamma-aminobutyric acid, GABA) metabolism, and oxygen
delivery to the brain. Children with IDA have cognitive and motor deficits and
delayed socio-emotional and neurophysiologic development compared to children
without IDA (reviewed in Lozoff et al. 2006) [49]. The majority, but not all, of stud-
ies assessing cognition before and after treatment with iron have reported persistent
deficits as well.

In an important long-term study of Costa Rican children, 185 children were iden-
tified between the ages of 12 and 23 months. Iron status was assessed and all children
received iron therapy, with uniformly excellent responses and resolution of anemia.
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However, formerly IDA children tested in adolescence and at 19 years of age had
persistent motor impairment, need for school grade repetition, depression and anxi-
ety, inattention, impaired executive function, and longer visual-evoked potential
latency times when compared to peers who had not had IDA [50, 51]. Dramatically,
in the low socioeconomic group, mean IQ was 70.4 in those who had had chronic
IDA versus 95.3 in those without IDA. In middle-class children, the respective 1Q
scores were 93.1 versus 102.8. No evidence of a “catch-up” in cognition was visible
for children with chronic iron deficiency in infancy despite iron repletion at the time
of study enrollment.

Iron deficiency anemia can be prevented in many ways. These include a diet with
sufficient iron and the other necessary cofactors required for its uptake, iron fortifi-
cation of staple foods, and the prevention or treatment of diseases such as malaria
and hookworm.

Malaria

Cerebral malaria is a severe neurological manifestation of infection with Plasmodium

falciparum, the causative agent of falciparum malaria. Coma and seizures are both
hallmarks of cerebral malaria. In Uganda, infection with this species of malaria
parasite is the most common form of malaria [52]. Unlike other species of malaria,
falciparum parasites developing in parasitized red blood cells (pRBCs) attach to
endothelial cells lining the vasculature in a process called sequestration. This can
lead to reduced local brain perfusion, depriving brain cells of glucose and oxygen,
in multiple small areas of the brain. The adherence of pRBCs induces inflammatory
changes including cytokine release, endothelial cell activation and death of nearby
endothelium, neurons and glia [53]. The blood-brain barrier can be disrupted, and
intracranial hypertension is common. Both cerebral malaria, and severe malarial
anemia, have now been linked to long-term cognitive impairment as assessed at 1
year after hospitalization in studies conducted in Uganda [54]. Epilepsy develops in
about 10 % of children, sometimes after a number of years, and the cumulative
incidence increases over time [55]. Severe malaria is also associated with acquired
language disorders in a similar percentage (~12 %) of survivors [56].

These can be explained by focal brain injuries (e.g. by causing ischemic neuronal
injuries with epileptogenic foci developing, or with focal damage to language cen-
ters) but it is possible that they are simply within the spectrum of manifestations of
diffuse brain injury. There is a paucity of literature on long-term sequelae of cerebral
malaria. We nonetheless posit that a disease this damaging to the brain is likely to
contribute to later early loss of cognitive skills through a reduction in brain reserves.

Compounding concerns about the influence of malaria on cognition are recent
studies reporting cognitive impairment in children with asymptomatic malaria. For
example, Ugandan schoolchildren with asymptomatic malaria had lower test scores
for sustained attention and abstract reasoning compared to uninfected children [57].
Similar effects have noted in Mali and Yemen [58, 59]. In a year-long prospective
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randomized controlled trial conducted in Sri Lanka, children who received antima-
larial prophylaxis had reduced malaria and absenteeism, and scored better in both
language and mathematics. Educational attainment was significantly related to
compliance with the prophylaxis [60]. Another study from Zambia found an asso-
ciation in ~6 year old children (born in 2004) between parasite exposure in 2006 and
decreased coping with cognitive tasks and socio-emotional development in 2010
[61]. The control and elimination of malaria should be of concern to those focused
on cognition in children, adults and the elderly.

Summary

We have briefly outlined some of the top-tier threats to adult cognition which can be
addressed during pregnancy, infancy and childhood. Given the many hundreds of
millions of people who are risk of, or already have, anemia, malaria, or stunting, the
benefits of preventing or treating these diseases are undoubtedly of large magnitude.
We believe there are strong, biologically plausible reasons to link these childhood
disorders with adverse cognitive outcomes not only in early adulthood, but also in
older adults and the elderly. As the global epidemics of obesity, metabolic syn-
drome, and hypertension expand to low-income countries like Uganda, we can iden-
tify a scientific and social policy agenda which can break the cycles of undernutrition
and disease in children which also addresses these new adult scourges.
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Chapter 8
Strokes as Seen in Mulago Hospital, Uganda

Stephen Muwonge Matovu and Robert Mukisa

Abstract This chapter examines stroke as the leading cause of admission, disability
and death in the Neurology unit at Mulago National Referral Hospital in Uganda.
Patients are either referred from a primary health care center or present directly to
the hospital. There is an increasing burden of stroke patients in the inpatient wards,
outpatient clinic and the physiotherapy departments. This is because the population
is undergoing a rapid epidemiological transition with increased exposure to, and
development of, stroke risk factors, together with aging of the population. The clini-
cal presentation of stroke, management and rehabilitation are discussed. Community
awareness of the four preventative strategies of stroke, improved stroke care in the
Neurology unit and rehabilitation are cornerstones in mitigating the stroke burden
and its antecedent complications. This chapter, however, will mostly report on pre-
liminary studies undertaken in Mulago hospital, Uganda to elucidate the burden of
stroke at this tertiary care facility as there is a paucity of studies on the subject of
stroke in Uganda.

Keywords Stroke burden ¢ Risk factors ¢ Stroke complications ®* Mulago hospital

Introduction

Stroke is defined as rapidly developing clinical signs of focal (or global) distur-
bance of cerebral dysfunction with symptoms lasting 24 h or longer or leading to
death with no apparent cause other than that of vascular origin [1]. Stroke is thus a
term that is used to describe brain injury caused by an abnormality of the blood sup-
ply to a part of the brain.

Stroke is a relatively common presenting diagnosis to Mulago National Referral
Hospital with the number of patients being admitted with stroke on the Neurology
unit being on the increase. Between June and October 2011, 206 patients with stroke
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Fig. 8.1 Disease burden on the neurology unit in Mulago Hospital, 2012 (Matovu et al. 2012 data
unpublished)

were admitted compared to only 109 in 2005 and 60 in 1999 during the same months
period [2]. Stroke is thus the leading cause of admission on the Neurology Unit at
Mulago National Referral Hospital (Fig. 8.1).

Risk Factors for Stroke

In a study carried out in Uganda’s Mulago National Referral hospital, in Kampala,
Nakibuuka et al. [3] investigated the main risk factors for ischemic and hemorrhagic
stroke. The parameters noted were past medical history, physical examination find-
ings, key laboratory investigations and Ultrasonography investigations. Table 8.1
below shows the main findings.

For both types of stroke (ischemic and hemorrhagic), the outstanding risk factors
for stroke were Hypertension (BP>140/90 mmHg), physical inactivity, alcoholism,
dyslipidemias, Diabetes Mellitus, arthrosclerosis and a positive syphilis serology.

Hypertension

More than 50 % of patients with either ischemic or hemorrhagic stroke reported a
history of hypertension, in which more than half of the patients were found to have
a blood pressure greater than 140/90 mmHg. Of these patients, however, 27 (32 %)
patients reported sporadic use of anti-hypertensive medications, with only 7 patients
(8 %) reporting regular medication use. Only 3 patients reported regular use of aspi-
rin prophylaxis for stroke, and these all presented with ischemic stroke.
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Table 8.1 Risk factors of stroke among patients admitted to Mulago National Referral Hospital
in 2012

Risk factor Percentage of patients Percentage of patients
With ischemic With hemorrhagic
stroke (N=66) stroke (N=19)

I. Past medical history

Hypertension 57.6 68.4

Physical inactivity 40.9 36.8

Diabetes mellitus 12.1 5.2

Current smoking 7.6 5.2

Alcohol 18.2 21.1

II. Examination findings

Irregularly irregular pulse 22.7 53

Systolic BP >140 mmHg 47.0 73.7

Diastolic BP >90 mmHg 36.4 68.4

II1. Laboratory findings

Total cholesterol >200 mg/dl 31.0 39.0

LDL cholesterol >110 mg/dl 43.1 333

HDL cholesterol <40 mg/dl 38.0 17.0

Triglycerides >150 mg/dl 23.1 333

FBS >126 mg/dl 43.1 55.6

Reactive TPHA 26.2 50.0

Reactive HIV serology 7.7 0

IV. Ultrasound findings

Atherosclerosis on CUS 46.0 46.7

Cardiac Causes: Embolic Source, Atrial Fibrillation
and Stenosis

In Nakibuuka’s study, 18 patients had a suspected cardio-embolic stroke, with
18.8 % patients found to have an irregularly irregular pulse. However, none of these
patients were aware of a previous diagnosis of atrial fibrillation or were taking any
medications. Two of these patients were found to have severe valvular heart disease,
suggesting that atrial fibrillation could be an important under-recognized cause of
stroke in African populations [3—5]. Atherosclerosis in the carotid arteries and car-
diac left ventricular hypertrophy were commonly found on physical examination.

Diabetes Mellitus, Dyslipideamias and Lifestyle

Thirty eight patients were found to have a Fasting Blood Sugar (FBS) greater than
126 mg/dl, consistent with a diagnosis of Diabetes Mellitus, but only nine of these
patients had a known previous diagnosis of the diabetes. Commonly recognized risk
factors, such as hypercholesterolemia, physical inactivity, current smoking and
alcohol were frequently found in this stroke victim population.
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Syphilis and Human Immunodeficiency Virus

S.M. Matovu and R. Mukisa

Twenty six patients were found to have reactive serology for syphilis, and only five
patients were found to have HIV diagnosed by Abbot test. All these patients were

on treatment for these disorders.

Socio-demographic Associations of the Stroke Victims Seen at

Mulago Hospital

In terms of their sociodemographic characteristics, Nakibuuka et al. [3] found that
the stroke victims were almost of equal gender representation with 51.8 % females
but they had a bimodal age distribution with a peak in the 40-49 year age group
(22.4 %) and in those aged 60-80 years (37.6 %). Generally, stroke was more com-
mon in older individuals and the mean age for all stroke patients was 62.2 years with
the vast majority of them being above 40 years old (83.5 %). Most were married
(61.2 %), had primary school education or below (54.1 %) and were employed
(52.9 %) as shown in Table 8.2 below. These findings were similar to the findings of

studies done in other African countries in Zimbabwe [6, 7].

Table 8.2 Socio demographic characteristics of stroke patients admitted to Mulago National

Referral Hospital

Characteristics
Age (years)

20-29

30-39

40-49

50-59

60-69

70-79

80+

Gender

Female

Highest education level attained
Never been to school
0-7 years

8-12 years

More than 12 years
Marital status
Never married
Married

Divorced
Widowed

Number (N=85)

19
11
16
16

44

14
32
23
16

52
17
10

Percentage (%)

9.4

7.1
22.4
12.9
18.8
18.8
10.6

51.8

16.5
37.6
27.1
18.8

7.1
61.2
20.0
11.8

(continued)
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Table 8.2 (continued)

Characteristics Number (N=285) Percentage (%)
Occupation

Student 3 3.5
Unemployed 37 43.5

Employed 45 52.9

Table 8.3 Incidence of ischemic and hemorrhagic stroke according to gender and age
group as seen at Mulago Hospital®

Ischemic stroke Hemorrhagic stroke
Male N=35 Female N=31 Male (n=9) Female N=10

Age (years) |AS |CE |O AS CE |O IPH |SAH IPH |SAH
21-30 3 1 0 0 |0 0 0 0 0
3140 1 |0 0 0 0o |3 1 0 0 0
41-50 2 |1 0 1 2 |0 1 1 1 1
51-60 7 |1 1 1 2 2 1 0 1 1
61-70 3 |2 2 5 3 2 2 0 3 0
71+ 7 |0 4 5 4 1 2 1 3 0
Total 20 |7 8 |12 11 8 7 2 8 2

2AS atherosclerotic, CE cardio-embolic, O other, /PH intraparenchymal hemorrhage,
SAH subarachnoid hemorrhage

Stroke Types

Strokes are divided into two very broad groups namely hemorrhagic strokes and
ischemic strokes. In ischemia, there is not enough blood supply to allow continued
normal functioning of the affected brain tissue. Brain ischemia is much more com-
mon in these than in those due to hemorrhage. About four strokes out of every five
are ischemic. In hemorrhage, there are several different subtypes characterized by
their locations inside of the skull. Hemorrhages within the brain substance (inside
of the pia mater) are called intracerebral hemorrhages. Those between the pia mater
and arachnoid are called subarachnoid hemorrhages. Regarding stroke types in
Mulago National Referral hospital, 77.6 % were ischemic while 22.4 % were hem-
orrhagic stroke as confirmed by Computed Tomography scan of the brain. The inci-
dence of both ischemic and hemorrhagic stroke increased with age as seen in
Table 8.3 [3]. Mukisa et al. [8] in a separate study done in Mulago National referral
hospital, had the same findings with the majority of patients admitted with stroke
having ischemic stroke (82.4 %) and those with hemorrhagic stroke were 17.6 %.
The observed ratio of ischemic to hemorrhagic stroke of 4:1 was similar to other
studies among African populations [9—11]. Atherosclerotic stroke was the common-
est ischemic stroke in etiology, being observed in 43.5 % patients with ischemic
stroke. Intraparenchymal hemorrhage was the most common hemorrhagic stroke in
etiology, in 78.9 % of patients with hemorrhagic stroke [3]. Table 8.3 summarizes
these findings.
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Clinical Presentation of Stroke

Cerebral Infarction

Here the symptoms reflect the vascular territory involved [12]. Dominant hemisphere
stroke (left sided stroke) presents with aphasia, left gaze deviation (preference),
right visual field deficit, right hemiparesis and right hemisensory loss. Non-dominant
hemisphere stroke (right sided stroke) presents with left hemi-inattention, right gaze
deviation (preference), left visual field deficit, left hemiparesis and left hemisensory
loss. In Intracerebral haemorrhage, symptoms may progress over the first several
hours as the haematoma expands. Vomiting may occur in most cases [13].

Brainstem involvement presents with diplopia/dysconjugate gaze, gaze deviation,
paralysis/paresis of vertical eye movement, vertigo/tinnitus, nystagmus, Horner’s
syndrome, dysarthria, dysphagia, hemiparesis or quadriparesis, sensory loss in
hemibody or all four limbs, crossed signs, nausea, vomiting, hiccups, decreased
consciousness and abnormal respirations.

Cerebellar involvement presents with truncal/gait ataxia and ipsilateral limb ataxia.
Cerebellar haematoma presents with sudden onset of headache, severe ataxia, dys-
arthria, nystagmus, vertigo and vomiting. Cerebrospinal fluid obstruction hydro-
cephalus with symptoms and signs of raised intracranial pressure.

Supratentorial haematoma presents with sudden onset of headache followed by
either rapid loss of consciousness or a gradual deterioration in conscious level over
2448 h due to mass effect. Hemiparesis, hemisensory loss and homonymous hemi-
anopia are common. Third nerve palsy indicates transtentorial herniation.

Pontine haematoma presents with sudden loss of consciousness, quadriplegia,
respiratory irregularities, slowed respiration, pinpoint pupils, pyrexia, dysconjugate
eye movements and death often follows.

Subarachnoid Haemorrhage

Here, the severity of the symptoms is related to the severity of the bleed and symp-
toms usually continue for many days. Sudden onset of a severe headache, transient
or prolonged loss of consciousness or epileptic seizure may immediately follow.
Nausea and vomiting are common. A stiff neck may be present after 3—12 h.
Bleeding may injure adjacent tissue and produce symptoms such as limb weakness
and inability to talk (Braunwald et al. Harrison’s 16th edition page 2387).
Clinically, in a review study of admitted stroke patients at Mulago hospital neu-
rology unit, Kwarisiima et al. [14] found that all (100 %) of admitted patients pre-
sented with focal neurological deficits with 76 % having motor deficits as the
commonest neurological deficit followed by impaired level of consciousness which
accounted for 61 % of the admissions. Table 8.4 summarizes these points.
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Table 8.4 Clinical presentation of stroke patients admitted in Mulago
National Hospital

Sign Frequency N=128 Percentage
Sudden trouble in walking 108 84
Sudden weakness of the face 109 85
Sudden numbness of the faces 80 63
Sudden onset of vomiting 37 29
Loss of consciousness 78 61
Motor 97 76
Sensory 2 02
Motor and sensory 29 22
Glasgow coma scale

<9 38 30
>9 90 70

Investigations for Stroke at Mulago Hospital
Neuroimaging

Mulago National Referral hospital is Uganda’s national referral hospital and there-
fore a tertiary care hospital. As such the department of Radiology has a Computed
Tomography (CT) scan. This enables confirmation of the diagnosis of stroke, estab-
lishes the underlying pathology, identifies the size and site of the lesion, and estab-
lishes the etiological mechanism. The brain Computed Tomography scan will
establish the pathological diagnosis as either infarction or haemorrhage and exclude
other conditions that may mimic stroke. In Mulago hospital 28 % of patients pre-
senting with a suspected stroke were found to have a non-stroke diagnosis [3], a
value much lower than 43 % found in a study done in Nigeria [15]. Nevertheless, it
still emphasizes the relevance of CT scan as gold standard in stroke diagnosis [11,
15, 16] as Table 8.5 below illustrates.

Computed Tomography Appearance

A haemorrhage is seen within a few minutes as an area of increased attenuation
(Fig. 8.2). The appearances of an infarct change over the first few weeks, and not all
infarcts show up on Computed Tomography scan (Fig. 8.3). Magnetic Resonance
Imaging is more sensitive to small areas of ischemia and can detect the traces of old
haemorrhage (haemosiderin deposits) indefinitely.
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Table 8.5 N9n-contrast head Non-contrast head CT scan finding N (%)

CT? scan findings among Ischemic stroke 66 (52.0)

patients at Mulago Hospital -
Hemorrhagic stroke 19 (15.0)
Neoplasm® 8(6.3)
Severe brain atrophy 8(6.3)
Subdural hematoma? 6(4.7)
Brain abscess® 4(3.1)
Toxoplasmosis 4@3.1)
Normal repeated CT scan on day 7 324)
Intracranial hypertension 3(24)
Extensive calcifications 2(1.6)
Pan-sinusitis 1(0.8)
Meningoencephalitis 1(0.8)
Tuberculosis choroiditis 1(0.8)
Chronic epidural hematoma® 1(0.8)

*Surgically correctable conditions

Fig. 8.2 Computed
tomography scan showing
cerebral haemorrhage

Other Imaging Investigations
Doppler Ultrasound Scans of the Carotid Arteries

Doppler ultrasound scan of the carotid arteries is done at the Uganda Heart Institute,
Mulago National Referral Hospital. It detects atherosclerotic plaques, discrete
lesions, abnormal velocity flow patterns, irregular flow peaks, occlusion, dissection
and evidence of internal carotid artery stenosis.
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Fig. 8.3 Computed
tomography scan showing
cerebral ischemia

\

Cardiac Investigations

These are done at the Uganda Heart Institute, Mulago National Referral Hospital.
An Electrocardiogram is used detect atrial fibrillation. Transoesophageal echocar-
diography is used to identify sources of stroke such as akinetic wall segments, mural
thrombi, severe valvular lesions, multiple valvular lesions, valvular vegetations,
ventricular ejection fraction of <35 %, an atrial abnormality, ulcerated aortic athero-
sclerosis or dissection.

Laboratory Investigations in Acute Stroke

The following essential investigations should be done routinely for patients admit-
ted with stroke such as to the Neurology unit in Mulago.

Full blood count: Thos will indicate the presence of polycythaemia, raised white
cell count due to infection, thrombocythaemia which increases the risk of infarc-
tion and thrombocytopenia which predisposes to haemorrhage

Erythrocyte sedimentation rate: If this is raised, it may indicate infection or
Vasculitis

Urea and electrolytes: These are affected by dehydration which may result into
hypo perfusion

Fasting blood sugar: Is often raised initially. If it persists then this confirms diabe-
tes mellitus

Syphilis serology: This establishes a diagnosis of meningo-vascular neurosyphilis.

Coagulation profile: This is essential in hemorrhagic stroke and in young patients
without identifiable risk factors
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Blood cultures: Do this if you suspect bacterial endocarditis

Fasting lipid profile: This detects underlying dyslipideamias

Lumbar puncture: It helps in confirming subarachnoid haemorrhage (xanthochro-
mic), meningitis and encephalitis. Also do a VDRL on it to exclude syphilis

Management

The overall aim of stroke care is to decrease morbidity and mortality, to optimize
function recovery and to prevent recurrence of strokes. This is achieved by good
nursing care, specific stroke treatment, maintenance of fluid and electrolytes, nutri-
tion, avoiding systemic complications and early rehabilitation.

General Treatment in Caring for Acute Stroke Patients

1. Start with hourly neurological observations and change to 4 hourly if stable.
These include:

* Level of consciousness using Glasgow Coma Scale
e Vital signs
* Oxygen saturation

2. Monitor blood glucose. If more than 11 mmol/L start insulin sliding scale
Intravenous fluids in dehydrated patients and those unable to swallow
4. Evaluate swallowing after 24 h

[O8]

* Observe the patient attempting to swallow using sips of water in upright
position

* Check for coughing or gagging reflexes

» If swallowing is impaired keep nil per mouth.

* Continue intravenous fluids for 48 h then start nasogastric tube feeding if
still unable to swallow

9]

Urinary catheterization if incontinent or in retention
Prevent constipation by adequate hydration and laxatives
7. Prevent pressure sores by advising a relative or a care taker to supervise 2
hourly turning
8. Decrease the risk of deep vein thrombosis by using compression stockings in
addition to oral aspirin if intracerebral haemorrhage is excluded
9. Treat sepsis and pyrexia with antibiotics and antipyretics respectively
10. Early physiotherapy and mobilize out of bed
11. Occupational, speech and language therapy
12. The family is taught good nursing care/manual handling techniques before dis-
charge home

o
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Specific Treatments
Antiplatelet Drugs

All ischaemic strokes are started on aspirin immediately or as soon as the diagnosis
is made followed by long term treatment. Aspirin, when given effectively, prevents
deaths, major disability (dependence) and recurrent strokes when used as longer
term therapy. The dose is 300 mg per os daily for the first 2 weeks followed by
75-150 mg per os thereafter. Patients that are intolerant of aspirin are treated with
either clopidogrel or dipyridamole.

Antihypertensive Drugs

Blood pressure lowering during the first 2448 h is avoided as an acute drop in
blood pressure can reduce perfusion to an already ischaemic brain. Treatment is
considered only if the blood pressure is persistently elevated that is >180/105 mmHg
in ischaemic stroke. Aim at a daily reduction of 10-20 mmHg. In intracerebral
haemorrhage treatment is started if the blood pressure is more than 160/100 mmHg.
In the acute phase, blood pressure reduction is achieved by treating with sublingual
nifedipine and then orally twice daily. For a gradual reduction, use captopril, ateno-
lol or hydrallazine as the alternatives used.

Anticoagulation

Anticoagulants are used in patients with an ischaemic stroke and a cardiac embolic
source or atrial fibrillation to prevent further strokes. Patients are first treated with
aspirin as anticoagulation is started 2 weeks later after the stroke because of the risk
of intracerebral haemorrhage. Warfarin is administered per os in a loading dose of
10 mg daily for 2 days followed by a maintenance dose depending on the prothrom-
bin time or international normalized ratio (INR). The aim is to have and maintain an
INR of two to three or a prothrombin time of twice the normal range.

Thrombolysis

Thrombolytic therapy for ischaemic strokes with intravenous recombinant tissue
plasminogen activators like alteplase is not possible in Mulago Hospital, because
often, the minimum time of admission to Mulago hospital of patients with an acute
stroke after its occurrence is 2 days [7]. Thrombolytic agents are only beneficial
when administered within 3—6 h after stroke onset at maximum.
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Neurosurgery

Evacuation of a cerebellar haematoma is life saving. Evacuation of supratentorial
hematomas is done in only younger patients with deteriorating consciousness.
Neurosurgery is beneficial for obstructive hydrocephalous following stroke.

Stroke Complications

Stroke patients are at risk for complications which may lead to death. Cerebral
edema, progression of the stroke and complications are responsible for the common
neurological worsening in the first 48 h.

Acute Complications

The main acute complications are aspiration pneumonia, pulmonary embolism,
pressure sores and urinary tract infections. They occur in over 50 % of hospitalized
stroke patients and are associated with a poor prognosis. Aspiration pneumonia is
the main cause of death in stroke in hospitalized patients. It is frequent in patients
with extensive strokes and coma. Management includes avoiding oral intake, chest
physiotherapy and use of antibiotics.

Patients with stroke are at significant risk for deep vein thrombosis and pulmonary
embolism. The use of low dose aspirin and compression stockings decreases this
risk. Pressure sores, spasticity and contractures are common and are reduced by
early patient positioning, 2 hourly turning, and passive exercises.

Chronic Complications

These include disability, spasticity, contractures, pain, depression, dementia and
late onset seizures. Post stroke depression is common occurring in over 50 % of
the patients, especially in right sided stroke. It’s treated using tricyclic antidepres-
sants such as Imipramine or selective serotonin reuptake inhibitors such as
Fluoxetine.

Dementia after stroke is common and is a major long term cause of dependency,
particularly in the elderly [17, 18]. In Mulago hospital the prevalence of cognitive
impairment among patients admitted with stroke was found to be 63 % [8]. The
mild form was most common representing 27 % of the cases. The cognitively
impaired with no dementia were more than those with dementia contributing 43 %
and 20 % respectively of the stroke patient study population [8].
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Rehabilitation

In Mulago hospital, rehabilitation is one of the most important aspects in the care of
stroke patients. The aim is to improve quality of life by reducing emotional, func-
tional, cognitive, physical and communication disorders. Early mobilization and
rehabilitation help and improve outcome. This is done on a daily basis on the
Neurology unit. Physiotherapy maximizes functional recovery, occupational ther-
apy is necessary for functional assessment and the provision of practical aids.
Speech and language therapy helps with aphasia, dysarthria and dysphagia.
Psychiatric consultation is routinely done for those found to be depressed.

Prevention of Stroke

Lifestyle Measures

These include the four-by-four action plan approach. (1) Diet entails eating fruits
and vegetables, reducing salt, sugar and animal fat intake. (2) Increased physical
activity is emphasized as this maintains the ideal body weight. (3) Moderation of
alcohol intake and (4) stopping smoking are all important in both primary preven-
tion of stroke at community level and secondary prevention when the stroke/tran-
sient ischaemic attack has occurred.

Secondary Prevention

Stroke recurrence occurs in some patients admitted to Mulago hospital and attempts
are routinely made to stop this using the following measures:

Antiplatelete Drugs

Low dose daily aspirin 75-150 mg decreases the risk of another ischaemic stroke.
Clopidogrel 75 mg daily and dipyridamole are the alternative drugs in patients with
aspirin intolerance. Antiplatelet therapy has to be continued indefinitely.

Anticoagulants

All ischaemic stroke patients presenting with atrial fibrillation or mitral valve dis-
ease are anticoagulated indefinitely with warfarin with a target International
Normalized Ratio of 2.5, as prophylaxis or using aspirin if there is no contraindica-
tion to it. The annual risk of embolism with either valvular heart disease or atrial
fibrillation is reduced by anticoagulating with warfarin.

Antihypertensives

Treatment of hypertension significantly reduces the risk of strokes. Blood pressure
treatment is started in hypertensive stroke patients and continued indefinitely to be
monitored on discharge from hospital.
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Statins

Cholesterol lowering drugs, simvastatin 20—40 mg per os daily or another statin
therapy for raised cholesterol levels prevents stroke in patients with a history of
cerebrovascular disease and ischaemic heart disease.

Carotid Stenosis
Asymptomatic carotid stenosis of >70 % and symptomatic stenosis of <70 % are
managed medically.

Prognosis

The outcome for stroke patients is poor. The mortality within the first year is over
30 %, with a further one third disabled and about one third regaining independent
living. The majority of deaths occur during the first week and month after the stroke
and continues throughout the first year.

The 30-day mortality among adult patients with stroke admitted at Mulago hos-
pital is 43.8 % [14]. This is similar to other early stroke case-fatality findings
observed in African hospital-based studies [7, 19, 20]. It was significantly associ-
ated with older age, leucocytosis, impaired level of consciousness and high body
temperature [14].

More patients with subarachnoid haemorrhage or intracerebral haemorrhage die
within 30 days than do those with cerebral infarction. The risk of recurrence contin-
ues over time.
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Chapter 9

Challenges of Diagnosis and Treatment
of Epilepsy at Mulago National Referral
Hospital in Kampala, Uganda

Edward Ddumba

Abstract Epilepsy is a common condition in Low Income Countries like Uganda.
These countries are overburdened by infectious diseases like Malaria, Tuberculosis
and HIV/AIDS. Uganda is going through an epidemiologic transition from com-
municable diseases to non-communicable diseases including epilepsy. The country
has not put in place strategies to address the new realities of the increasing burden
of non-communicable diseases like diabetes, hypertension and epilepsy. There are
tremendous challenges in terms of infrastructure, human resources for health, diag-
nostics and medical supplies for effective treatment of these conditions. Many com-
municable and non-communicable diseases may present with symptomatic seizures
which are often mistaken for epilepsy the disease. This article discusses the chal-
lenges health workers meet in diagnosing, investigating and treating epilepsy in a
limited resource setting at Mulago National Referral Hospital in Kampala, Uganda.

Keywords Epilepsy ¢ Diagnosis * Low income countries ¢ Limited resource setting
* Challenges

Introduction

Health Statistics

Uganda lies in East Africa and has no direct access to the sea except through Kenya
and Tanzania. It has an estimated population of 33 million people (UBOS 2012). More
than 50 % of the population is below 15 years of age. Life expectancy is estimated to
be 50.4 years. The HIV/AIDS prevalence rate has risen to 7.2 % in the last 2 years after
it had dropped to 6.4 %. There are 1.2 million Ugandans living with HIV/AIDS.
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Table 9.1 Health statistics Health statistic Estimate

for Uganda Life expectancy 50.4 years
Maternal mortality ratio 438 per 100,000
Population per doctor 18,700
Population per nurse 3,065
Health service accessibility at 49 %
<5 km
Per capita expenditure on health 12US$
Per capita expenditure on drugs 3US$

Over 30 % of the population lives below the poverty line and more than 70 % of the
population is rural. Uganda has a GDP growth rate of 6 % per annum. The adult
literacy rate is 66.8 %. Table 9.1 summarizes the statistics.

Organization of Health Services in Uganda

The health services are organized in order of size and complexity of services offered
organized as from Health Centers: I (village) II (parish), III (Sub-county), IV
(County) to District General Hospitals, then Regional Referral Hospitals and finally
National Referral Hospitals at the top. There are two National Referral Hospitals
namely, Mulago National Referral General Hospital and Butabika National Referral
Mental Hospital. The latter hospital is a specialist facility for psychiatry disorders.
Mulago Hospital is the main hospital for all other general medical conditions. It is
also the teaching hospital for Makerere University College of Health Sciences as
Butabika is also a Makerere University teaching hospital for mental disorders.
Mulago hospital has a bed capacity of 1,500 beds and receives approximately 2,000
out patients per day. The Department of Internal Medicine is one of the bigger
Departments and offers Neurology services for both in patients and out patients.
The Neurology Clinic runs every week on Wednesdays. It is staffed by Physicians,
Medical Officers and Nurses. It has EEG services and neuro-imaging with a one 16
slice CT scanner. On average, the Neurology clinic attends to 30 patients per day of
which 6-0 patients will present with a seizure disorder (Ref). Some of the patients
are referred from other health facilities but the majority of the patients are self refer-
rals or follow-up patients who have been discharged from the inpatient wards. The
main stay of a diagnosis of epilepsy is based on a thorough record of the patient’s
signs and symptoms followed by a carefully done clinical assessment of the patient
with particular emphasis on the Nervous System. The history is collaborated by a
reliable eye witness account of the event(s) or clinical observation of a seizure by a
health worker. Wherever possible, EEG, brain CT scan, blood counts,
Hb-electrophoresis, blood slide for malaria parasites, renal function tests, blood
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sugar, VDRL and HIV serology are requested for. The drugs available at the Mulago
neurology clinic include: Phenytoin, Carbamezapine, Sodium valproate,
Phenobarbitone, Clonazepam and Ethosuximide. There are no neurology clinics in
other hospitals. The neurologist per population ratio is 1:7,000,000 if we include the
two paediatric neurologists. Most of the seizures are secondary to cerebrovascular
disease, CNS infections or head trauma from road traffic accidents or birth injury.

Epidemiologic Transition

Like other developing countries, Uganda has been grappling with the burden of
infectious diseases including, malaria, HIV/AIDS, Tuberculosis and Malnutrition.
In the last decade, the prevalence of non-communicable diseases has increased
partly due to the adaption western life styles especially the use of fast foods and
beverages. The population is also living longer with those over 60 years increasing.
This predisposes to hypertension, stroke and age-related degenerative brain diseases
with all their complications including seizure disorders.

Epilepsy: Definition and Classification

Seizures are the hallmark of epilepsy. An epileptic seizure is a transient occurrence
of signs and or symptoms due to abnormal and excessive neuronal activity in the
brain [3]. Epilepsy is characterized by at least one seizure, an enduring predisposi-
tion to recurrent epileptic seizures and associated cognitive, psychological and
social sequelae. The classification of epilepsy as follows:

A. Partial Seizures (Focal seizures)

* Simple partial seizures: These can be motor, sensory, autonomic or psychic
and do not alter consciousness

¢ Complex partial seizures with impairment of consciousness

» Simple partial or complex partial with secondary generalization

B. Primary generalized seizures

* Absence seizures: typical and atypical
* Mpyoclonic seizures

* Clonic seizures

» Tonic seizures

* Tonic-clonic seizures

* Atonic seizures

C. Unclassified because of incomplete data
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Challenges in Epilepsy Management in Uganda

The diagnosis and subsequent treatment of epilepsy poses several challenges in a
resource limited setting as obtains at Mulago Hospital and in Uganda and Africa at
large. The following is an elaboration on some of these challenges as they apply in
Uganda.

Challenge 1: Epilepsy Is Common

Although epilepsy is common in Uganda, there is no accurate data to guide the
process of diagnosis. However it is the most common neurological disorder in both
children and adults.

The factors that are responsible for the high prevalence of epilepsy in Uganda
include:

* High prevalence of cerebral malaria and CNS infections e.g. meningitis and
encephalitis

 Perinatal causes including birth trauma from poor obstetric care.

e Head trauma from road traffic accidents especially boda — boda motor cycle
accidents

* Cerebrovascular disease including ischemic and hemorrhagic strokes

* Brain tumors

* Arterial-venous malformations

e HIV/AIDS and its opportunistic CNS infections: Cryptococcal meningitis and
Toxoplasmosis

* Parasitic infections like neurocystercercosis

* Neurosyphylis

» Alcohol and substance abuse as well as other brain toxins

* Degenerative diseases of the brain including multi-infarct (vascular) dementia,
pre senile and senile dementias such as Alzheimer’s disease, Parkinsonian
dementia, Fronto-temporal dementia etc.

Challenge 2: Epilepsy Diagnosis Carries Stigma

* Most of the Ugandan population still thinks that epilepsy is caused by witch
craft, evil spirits or is infectious.

* A large proportion of the population believe that western type of medicines do
not cure this disease hence many would seek the services of a traditional healers
before coming to the hospital and even afterwards.

e Many families keep the patient at home for fear of bringing shame to the
family.
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Challenge 3: Difficulty in Differentiating Epilepsy
Jrom Non-epilepsy Disorders

Misdiagnosis of epilepsy is common even in even in more advanced centers that care
for epilepsy patients. This problem may explain none response to anti-epilepsy drugs
that has been observed in presumed epilepsy patients (Chadwick and Smith 2002).
Many patients who are misdiagnosed as epileptic have an EEG recording that has been
misread and therefore misinterpreted as epileptiform. Many clinicians still equate an
abnormal EEG recording to proof that epilepsy exists and are likely to conclude that a
negative EEG excludes the diagnosis of epilepsy. Below are some of the conditions
that are often misdiagnosed as epilepsy in the Uganda situation. The problem is made
worse by lack of more advanced diagnostic facilities like EEG — video monitoring.

Some of the Conditions Misdiagnosed as Epilepsy in Uganda

¢ Psychogenic Non-Epilepsy Seizures (PNES)

* Syncopal attacks

* Transient ischemic attacks

» Cardiac dysrhythmias

¢ Sleep disorders e.g. night terrors

* Cataplexy

» Sleep starts

¢ Psychiatric disorders

* Transient global amnesia

¢ Episodic Dizziness and vertigo

¢ Hemifacial spasm

¢ Non epileptic Myoclonus

¢ Acute dystonic reactions secondary to the use of neuroleptics
* Complicated migraine

e Twilight or fugue states

* Panic attacks

¢ Hypoglycemia especially in diabetics on medication

* Benign non specific symptoms misinterpreted as seizures

Challenge 4: Limited Epilepsy Services

* There are no trained Epilepsy specialists in Uganda. Neurologists are only a
handful.

* There are no facilities to train epilepsy specialists in Uganda

¢ There is inadequate exposure of medical students to the basics of epilepsy and
neurology
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* There are scarce imaging facilities and EEGs in the country
* The supply of antiepilepsy drugs is inadequate and erratic

Challenge 5: Lack of Reliable Data

* No epilepsy prevalence and incidence studies have been done in Uganda

* No large community based studies have been done to guide the planning process
for the provision of epilepsy services

*  We don’t know the epilepsy burden in Uganda and the factors responsible for this
silent epidemic

* Some diseases have been branded epileptic without adequate epidemiological
and clinical data and causes have been attributed to them e.g. Nodding Syndrome
and O. volvulus.

Opportunities on the Horizon

The epidemiologic transition from communicable to non-communicable diseases
has been recognized by the Uganda Ministry of Health and Development Partners.
There has also been started a more integration of Neurology in the Medical School
curriculum and there are promising collaborations with Universities abroad.

Conclusion

Epilepsy is a common condition in Uganda but under diagnosed and also often mis-
diagnosed. Most of the epilepsy cases are symptomatic of underlying brain disorder.
Infective and traumatic causes are common. The prevalence of degenerative dis-
eases of the brain is increasing and contributing to symptomatic epileptic seizures.
There is an urgent need to carry out population surveys to establish the prevalence
and incidence of epilepsy in Uganda and to address the causes for the many symp-
tomatic epileptic seizures.
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Chapter 10
Psychiatric Aspects of HIV Infection
in Sub-Saharan Africa

Etheldreda Nakimuli-Mpungu

Abstract Psychiatric assessment should always be incorporated into any assessment
of patients with HIV/AIDS. To begin the process of HIV care, routine HIV testing
coupled with pre- and post-test counseling should be offered to patients accessing
outpatient and inpatient mental health services. Referral networks to other health-
care facilities should be put in place so that medical assessments to rule out organic
causes can be treated. Mental health care providers should be equipped with skills
and tools to provide prevention interventions for persons living with mental disorder
and HIV/AIDS. Likewise, HIV healthcare personnel need to be equipped with skills
and tools to be able to carry out routine mental health assessments/screening for the
common mental health problems in HIV/AIDS.

Lastly, HIV infection causes significant brain degeneration with resultant affec-
tive (depression, mania), psychotic, anxiety and cognitive disorders, the latter com-
monly referred to as HIV-Associated neurocognitive disorders or HAND. These
neuropsychiatric disorders occur in both children and adults. Untreated, they will
compromise adherence to treatment initiatives and pose significant HIV-infection
risk behavior. All this calls for integration of mental health care in any HIV-care
program for their early detection and treatment for better outcomes and improved
quality of life for PLWHA and for prevention strategies if we are to stem the
epidemic.

Keywords HIV depression * HIV related secondary mania * Severe mental illness
* People living with HIV AIDS (PLWHA) e Bipolar disorder co-morbid with
HIV/AIDS
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Introduction

Psychiatric disorders have been reported among people at risk for or infected by
HIV worldwide. Addressing co-occurring psychiatric disorders is a necessary step
in control of the HIV epidemic [1, 2]. The psychiatric sequelae of HIV infection
have etiologies that involve biological, psychological and social factors. These
include the natural and expected grief response to being diagnosed with a terminal
illness, later reactions to disability and illness as well as exacerbation of pre-existing
psychiatric illness. On the other hand new psychiatric symptoms and syndromes
may occur as a result of direct effect of the HIV virus on the brain, or as a conse-
quence of HIV-related opportunistic diseases and as side effects of HIV-related
treatments. Despite the impressive reduction of HIV-related morbidity and mortal-
ity where antiretroviral therapy (ART) is available, reports of psychiatric repercus-
sions of HIV disease are on the increase [3].

The consequences of untreated psychiatric disorders among those with HIV
infection include reduced coping capacity at the time of HIV diagnosis, poor HIV-
related disease prognosis, failure to access HIV care and treatment, erratic adher-
ence to antiretroviral regimens, diminished quality of life, greater social burden,
increased health-care costs and higher mortality [4—7]. Among persons living with
HIV, there is a documented mental health treatment gap that needs to be addressed.
This gap is large for both severe and common mental disorders worldwide [2], but
more pronounced sub-Saharan Africa.

Understanding psychiatric disorders among people living with HIV and AIDS
(PLWHA) in sub-Saharan Africa can help better define priorities and needed
resources to reduce the incidence, the prevalence and the burden of HIV disease on
individuals with these disorders and on the communities in which they receive care.
In this chapter we review published epidemiology of mental disorders among
PLWHA in sub-Saharan Africa. We begin with the most described HIV related-
psychiatric disorders among people with HIV: depression; mania; anxiety (includ-
ing PTSD); and psychosis. We also discuss sero-prevalence of HIV and risk
behaviors in individuals with severe mental illness (SMI) as well as the impact of
SMI on HIV treatment outcomes in sub-Saharan Africa.

Depression

A systematic review of the literature on HIV and mental illness in developing coun-
tries performed by Collins et al. (2006) found 13 studies published between 1990
and 2005 from middle or low-income countries that reported rates of psychiatric
disorder based on diagnostic interviews or psychiatric symptom scales [8]. Rates of
depression ranged from 0 % to 63.3 % among HIV-positive participants. In the larg-
est of these studies, investigators recruited every third subject seeking medical ser-
vices in Bangkok, Thailand; Kinshasa, Democratic Republic of Congo; Nairobi,
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Kenya; Sao Paolo, Brazil and Munich, Germany [9]. To ascertain psychiatric
diagnoses, the Composite International Diagnostic Interview (CIDI), a structured
diagnostic interview developed by the WHO and validated for cross-cultural use,
was used and to ascertain depressive symptoms the Montgomery-Asberg Depression
Rating Scale (MADRS) was used. Rates of depression among asymptomatic HI'V-
positive people in the four developing country sites averaged 6.0 % (range: 0 % in
Kinshasa to 10.9 % in Sao Paolo). Symptomatic HIV-positive patients had rates of
depression, ranging from 4.4 % in Kinshasa to 19.6 % in Sao Paolo. Depression was
the only diagnosis for which a higher prevalence among symptomatic HIV-positive
patients reached significance compared with HIV-negative controls.

Since 2005, the expansion of ART programs with scaling up of ART provision in
rural areas in Sub-Saharan Africa has led to more research on depression of HIV
positive individuals. These studies are summarized in Table 10.1. In 30 studies, HIV
positive individuals using ART have been screened with various depression screen-
ers resulting in prevalence estimates of significant depression symptoms ranging
from 9.4 % [10] to 81 % [11]. Six studies report on prevalence rates of current major
depression ranging from 11.8 % [12] to 34.9 % [13]. Two studies report on preva-
lence rates of lifetime major depression ranging from 13.3 % [14] to 18.1 % [13]
among HIV positive individuals. The Ugandan studies estimate prevalence rates of
significant depression symptoms to range from 30 % [15] to 54 % [16].

The studies on prevalence of depression in HIV positive populations give variable
prevalence estimates of depression; from as high as 81 % in HIV positive individuals
attending an HIV treatment program in Rwanda to as low as 0 % in HIV positive
individuals in the Democratic Republic of Congo (DRC). If the findings of these
studies are to be taken at face value, then eight of ten HIV positive patients in Rwanda
has significant depression symptoms and depression is non-existent in DRC. A criti-
cal re-evaluation of these studies is required given the variability of findings.

A recent systematic review of studies documenting the prevalence of significant
depressive symptoms and major depression among HIV-positive individuals
enrolled in ART programs in sub-Saharan Africa, found prevalence estimates of
31 % and 18 %, respectively [17]. These estimates are much higher than prevalence
estimates of depressive symptoms and major depression in community studies in
Uganda and South Africa [2], suggesting an increased risk of depressive symptoms
and major depression in HIV-positive individuals.

Most studies reporting on the prevalence of depression among PLWHA, have not
assessed subjects for bipolar disorder [18], an important diagnosis to rule out. Many
studies screened or assessed people for depressive symptoms and without further
evaluation, no distinction can be made between subclinical depression and other
depressive disorders besides major depression [15, 19, 20]. The few studies that
have evaluated study participants with a diagnostic interview have neither reported
on subclinical depression nor lifetime depressive disorders [13, 21, 22]. Knowledge
of the prevalence of specific depressive disorders would allow for better resource
allocation to provide required treatments (e.g., pharmacotherapy and psychothera-
pies) [23, 24] while management of lifetime depression would focus on relapse
prevention using psychosocial interventions and maintenance medication.



Table 10.1 Summary of studies describing prevalence estimates of depression symptoms and
major depression among HIV positive individuals and their impact on adherence to ART in sub-

Saharan Africa

Author

Adewuya
2008+%

Adewuya
2010+§

Amberbir
20081§

Byakika-
Tusime
20098

Location
Study design
Setting
Sample size
% Females
Nigeria
Cross-
sectional
HIV
psychosocial
support center
N=87

56.3 %
females
Nigeria
Cross-
sectional
HIV
psychosocial
support center
N=182

53 % females

Ethiopia
Longitudinal
HIV treatment
clinic attached
to general
hospital
Baseline
N=400

59.8 %
females

Uganda
Cross-
sectional
Mother-to-
child-
transmission
plus program
N=177

70.1 %
females

Measures of
depression
symptoms
Validation measure
% depression
symptoms

15.1 % depression
symptoms

General health
questionnaire (12
items)

Cut-off score : >3
Not locally
validated in study
population

65.4 % depression
symptoms

Becks depression
Inventory (21
items)

Cut-off score: >10
Not locally
validated in study
population

55.8 % baseline
depression
symptoms

Becks Depression
Inventory (BDI)
(21 items)
Cut-off score : not
reported

Not locally
validated in study
population

Mean BDI score
for the sample was
9.74 (SD=4.6)

Measure of
major
depression

% major
depression
Mini
international
neuropsychiatric
interview

NA

11.8 % major
depression

Association between
depression and ART
adherence

NA

Depressed patients
were less likely to be
adherent to ART
compared to
non-depressed
patients
AOR=0.23;95% CI
(0.09-0.55)

Depressed patients
were less likely to be
adherent to ART
compared to non
depressed patients
OR=0.47;95% CI
(0.26-0.90)
Association between
alcohol use and
adherence was not
assessed

Among those who
had used ART for less
than 6 months, the
odds of adherence
decreased by 99 % for
every unit increase in
depression symptom
score

AOR=0.01; 95% CI
(0.00-0.77)

Among those “stable”
on ART, the odds of
adherence decreased
by 61 % for every
unit increase in
depression symptom
score

AOR=0.39; 95% CI
(0.11-1.34)

(continued)
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Table 10.1 (continued)

Author
Cohen 2009+

Do 20107

Etienne
20108

Location
Study design
Setting
Sample size
% Females
Rwanda
Cross-
sectional
HIV
psychosocial
support center
N=658

100 %
females

Botswana
Cross-
sectional

HIV treatment
clinic attached
to general
hospital
N=300

76.3 %
females
Kenya,
Uganda,
Zambia,
Nigeria, and
Rwanda
Cross-
sectional

HIV treatment
clinics
attached to
general
hospitals
N=921

65.4 %
females

Measures of
depression
symptoms
Validation measure
% depression
symptoms

Center for
epidemiological
studies depression
scale (20 items)
Cut-off score: >16
Not locally
validated in study
population

81 % depression
symptoms

Becks depression
inventory (21
items)

Cut-off score: >14
Not locally
validated in study
population

28.3 % depression
symptoms

Factor scores of
depression were
constructed from
three questions of
depression
(persistent feelings
of sadness/
hopefulness in the
past month,
frequency of crying
in the past month,
and frequency of
feeling confused in
the past month)
Reliability score
0.67

57.2 % low
depression scores,
22.0 % medium
depression scores,
20.8 % high
depression scores

Measure of
major
depression
% major
depression

115

Association between
depression and ART
adherence

NA

NA

Those with high
depression scores
were less likely to
adhere to ART
compared to those
with low scores
AOR=0.57;95% CI
(0.39-0.84)

Those who never
used alcohol were
more likely to be
adherent to ART than
those who used
alcohol
AOR=2.14;95% CI
(1.36-3.37)

(continued)
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Table 10.1 (continued)

Location
Study design
Setting
Sample size

Author % Females

Farley
201078

Nigeria
Cross-
sectional

HIV treatment
clinic attached
to a general
hospital
N=399

70 % temales

Kagee 20107 | South Africa
Cross-
sectional
HIV clinics
within
primary
health care
facilities
N=85

753 %
females

Kaharuza
2006+

Uganda
Cross-
sectional

HIV
psychosocial
support center
N=1,017

77 % females

E. Nakimuli-Mpungu

Measures of

depression Measure of

symptoms major

Validation measure | depression Association between
% depression % major depression and ART
symptoms depression adherence

Center for Study participants
epidemiological with CES-D scores

studies depression
scale (20 items)
Cut-off score: >21

>16 were less likely
to be adherent to
ART compared to

The Cronbach those with scores< 16

alpha: 0.86 OR=0.23;95% CI

13 % depression (0.08-0.68)

symptoms No association
between AUDIT
scores and pharmacy
refill rate
OR=1.55;95% CI
(0.19-12.46)

The Beck NA

Depression

Inventory 1(BDI-1)

Cut-off score : >18

Cronbach’s alpha:

0.85

37.6 % depression

symptoms

A modified center NA

for epidemiological
studies depression
scale (12 items)
was computed by
removing the
CES-D items
reflecting somatic
complaints
Cut-off score: >23
Cronbach’s alpha:
0.85

47 % depression
symptoms

(continued)
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Table 10.1 (continued)

Author

Kekwaletswe
201 1#8+

Lawler
20107%

Martinez
2008

Marwick
2010%

Location
Study design
Setting
Sample size
% Females

South Africa
Cross-
sectional

HIV treatment
center

N=304

68 % females

Botswana
Cross-
sectional

HIV treatment
clinic attached
to a general
hospital
N=120

50 % females
Uganda
Cross-
sectional

HIV treatment
clinic attached
to a general
hospital
N=421

63.2 %
females

Tanzania
Cross-
sectional

HIV treatment
clinic attached
to a general
hospital
N=220

74 % females

Measures of
depression
symptoms
Validation measure
% depression
symptoms

Center for
Epidemiological
studies Depression
scale (20 items)
Cut-off score : >16
Cronbach’s alpha:
0.92

59.2 % depression
symptoms

Beck Depression
Inventory-Fast
Screen (BDI-FS)
Cut-off score: >4
Cronbach’s alpha:
0.84

38 % depression
symptoms

A modified
depression section
of the Hopkins
Symptoms
checklist with
somatic measures
removed.

Cut-off score:
>1.75

Cronbach’s alpha:
0.74

18.8 % depression
symptoms

Clinic interview
schedule —Revised
Previously
validated in
primary health
clinic attendees
Cronbach’s alpha
for this sample not
reported

Measure of
major
depression
% major
depression

Prime-MD
Mood Module
(MM)

24 % major
depression

15.5 % major
depression

117

Association between
depression and ART
adherence

Patients with CES-D
score of >16 were
less likely to be
adherent to ART
compared to those
with scores< 16
OR=0.43;.95 % CI
(0.25-0.72)

Patients with AUDIT
score >8 were less
likely to be adherent
to ART compared to
those with scores <8
OR=0.30;95 % CI
(0.19-0.73)

NA

NA

NA

(continued)
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Table 10.1 (continued)

Author

Monahan
2009+

Myer 20087+

Nachega
2011#7

Nakasujj
20107

Location
Study design
Setting
Sample size
% Females

Kenya

Cross-
sectional
HIV
psychosocial
support center
N=347

73 % females
South Africa
Cross-
sectional
Primary
health care
facility
N=465

75 % females

South Africa.
Longitudinal
HIV treatment
center
Baseline
N=274

60 % females

Uganda
Longitudinal
HIV treatment
clinic attached
to a general
hospital
N=102
(baseline)
72.6 %
females

Measures of
depression
symptoms
Validation measure
% depression
symptoms

Patient health
questionnaire (9
items)

Cut-off score: >10
Cronbach’s alpha
0.78

34 % depression
symptoms

Center for
Epidemiological
studies Depression
scale

Cut-off score : > 6
45 % depression
symptoms. Locally
validated in study
population.
Sensitivity: 79 %
Specificity: 61 %
Brief Symptom
Inventory (BSI) 51
items

Cut-off score: >9
Not locally
validated in study
population

25.4 % baseline
depression
symptoms

Center for
epidemiological
studies depression
scale (20 items)
Cut-off score: >16
Not locally
validated in study
population

54 % baseline
depression
symptoms

Measure of
major
depression
% major
depression

Mini
international
neuropsychiatric
interview

14 % major
depression

E. Nakimuli-Mpungu

Association between
depression and ART
adherence

NA

NA

Depression scores
were not associated
with ART adherence
at 12 and 24 month
follow-up.

OR =0.5, 95% CI
(0.15-1.56) Alcohol
abuse was a baseline
independent predictor
of ART adherence
OR 2.4,95% CI
(1.20-5.0)

NA

(continued)
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Table 10.1 (continued)

Author

Nakimuli-
Mpungu
2009+§

Nakimuli-
Mpungu
2010+

Olley 20063

Patel 2009

Location
Study design
Setting
Sample size
% Females

Uganda
Cross-
sectional

HIV treatment
clinic attached
to a Mental
hospital
N=122

78.% temales

Uganda
Cross-
sectional

HIV treatment
clinic attached
to a general
hospital
N=244
63.9.%
females

South Africa
Longitudinal
HIV treatment
clinic attached
to a general
hospital
N=149
(baseline)
70.5.%
females
Zimbabwe
Cross-
sectional

HIV treatment
clinic attached
to a general
hospital
N=200

100 %
females

Measures of
depression
symptoms
Validation measure
% depression
symptoms
Self-reporting
questionnaire (20
items)

Cut-off score: >6
Not locally
validated in study
population

30.3 % depression
symptoms

DSM-1V symptom
checklist

Cut-off score: >6
Not locally
validated in study
population

40 % depression
symptoms

Shona symptom
questionnaire (14
items)

Cut-off score : not
reported
Cronbach’s alpha
0.86

Mean depression
score 28.44 (9.28)

Measure of
major
depression
% major
depression

Mini

international
neuropsychiatric

interview
Not locally
validated in

study population
34.9 % major

depression

119

Association between
depression and ART
adherence

Those with
significant depression
symptoms were less
likely to adhere to
ART compared to
those without
significant depression
symptoms
AOR=0.27; 95% CI
(0.10-0.72)

NA

NA

(continued)
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Table 10.1 (continued)

Author

Pearson
2009

Peltzer
20108

Pourpad
2007+

Ramadhani
200718

Location
Study design
Setting
Sample size
% Females

Mozambique
Longitudinal
HIV treatment
clinic

N=277
(baseline)
56.3 % female

South Africa
Cross-
sectional
District
hospital
N=519

73.4 %
females

Senegal
Cross-
sectional

HIV treatment
clinic

N=200

63.5 %
females

Tanzania
Cross-
sectional

HIV treatment
clinic

N=150

63 % females

Measures of
depression
symptoms
Validation measure
% depression
symptoms

Center for
epidemiological
studies depression
scale (10 items)
Cut-off score: >10
Cronbach’s alpha:
0.74

9.4 % baseline
depression
symptoms

Center for
epidemiological
studies depression
scale (10 items)
Cut-off score: not
reported
Cronbach’s alpha:
0.54

NA

Center for
epidemiological
studies depression
scale (20 items)
Cut-off score : >16
Not locally
validated in study
population

18 % depression
symptoms
Hopkins symptom
checklist (25 items)
Cut-off score:
>1.75

Cronbach’s alpha:
0.93

21 % depression
symptoms

Measure of
major
depression
% major
depression

E. Nakimuli-Mpungu

Association between
depression and ART
adherence

NA

The odds of
adherence decreased
by 29 % for every
unit increase in
depression symptom
score
OR=0.88;95% CI
(0.80-0.96)

NA

Those with
significant depression
symptoms were less
likely to adhere to
ART compared to
those without
significant depression
symptoms
AOR=0.48; 95% CI
(0.15-1.56)

(continued)
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Table 10.1 (continued)

Author
Simbayi
2007

Spies 2009+

Wagner
20117

Weidle
2006F

Location
Study design
Setting
Sample size
% Females

South Africa
Cross-
sectional
Psychosocial
support center
N=1,063

60.5 %
females

South Africa
Cross-
sectional
Primary
health care
HIV treatment
facilities
N=429

76 % females
Uganda
Cross-
sectional

HIV treatment
clinic attached
to a general
hospital
N=602

68 % females

Uganda
Longitudinal
Psychosocial
support center
N=987

74 % females

Measures of
depression
symptoms
Validation measure
% depression
symptoms
Modified center for
epidemiological
studies depression
scale (11 items)
Cut-off score: >16
Cronbach’s alpha:
0.93

30 % depression
symptoms
Kessler-10

Cut-off score: >28
Cronbach’s alpha:
0.87

Patient health
questionnaire (9
items)

Cut-off score: >10
The Cronbach
alpha coefficient
for the sample not
reported

13 % depression
symptoms
Modified center for
epidemiological
studies depression
scale (20 items)
Cut-off score: >23
Cronbach’s alpha
not reported

45 % baseline
depression
symptoms

# This study was published as an abstract
" These studies reported prevalence rates of depression symptoms
% These studies reported the association between depression symptoms and adherence to ART
 These studies reported prevalence rates of major depression

Measure of
major
depression
% major
depression

Mini

international
neuropsychiatric

interview

13 % major

depression

121

Association between
depression and ART
adherence

NA

NA

NA

NA
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In Uganda, a recent cross-sectional study of HIV positive individuals in a rural
ART program in the southern regions of the country found the prevalence estimates
of any depressive disorder, subclinical depression, both current and lifetime major
depression, and bipolar depression were 46.4 %, 17.8 %, 25 % and 3.6 % respec-
tively [25]. In comparison to non-depressed patients, those with sub-clinical depres-
sion were less likely to have high levels of self-efficacy, more likely to be using
ART for less than 1 year, had advanced HIV disease and current alcohol use disor-
ders (AUD’s). Those with both current and lifetime depressive disorders were less
likely to be 85 % adherent to antiretroviral therapy (ART), have social support and
high levels of self-efficacy, more likely to have tuberculosis and past manic epi-
sodes. Those with only lifetime depressive disorders were more likely to have cur-
rent alcohol use disorder (AUD) and past manic episodes. The large proportion of
HIV positive individuals with depressive disorders or significant depressive symp-
toms in ART programs in Uganda and other developing countries who remain undi-
agnosed and untreated is indeed a major unmet healthcare need.

Depression and Non-adherence to ART

In 2005, two African studies investigated the association between current signifi-
cant depression symptoms and adherence to ART. In both studies, the association
did not attain statistical significance. Since then, two Ugandan studies, [15, 26]; one
study from South Africa [27] Nigeria [28] and Ethiopia [29] have investigated this
association. All studies report a statistically significant association between current
significant depression symptoms and poor adherence to ART. Qualitative studies in
sub-Saharan Africa on barriers to ART adherence echo similar findings [30-32].

Given that depression is a recurrent complex mood disorder with various DSM-5
categories, it is important to investigate the relationship between lifetime depressive
disorders and adherence to ART. A recent case-control study among rural HIV posi-
tive individuals using anti-retroviral therapy revealed that HIV positive individuals
with lifetime depressive disorders had an increased risk of non-adherence to ART
after controlling for education status, income, self-efficacy, perceived social sup-
port, cognitive impairment and current alcohol use disorders [32]. This association
was stronger in females than males. This finding indicates that it would be important
to closely monitor and support individuals with a history of lifetime depressive dis-
orders who are initiating ART.

Studies have shown that untreated depressive disorders increase HIV transmis-
sion risk behaviors [33, 34], decrease immune status [35, 36] and decrease adher-
ence to antiretroviral therapy (ART) [37—40] which may result in decreased clinical
effectiveness and potential development of drug resistance [41, 42]. Thus, depres-
sion does pose challenging barriers to effective medical care at multiple points
along the continuum of HIV medical care engagement and treatment (i.e. the ‘HIV
treatment cascade’) [43]. Untreated depression has been associated with a lower
likelihood of receiving anti-retroviral drugs [44, 45], poor adherence [34, 46] and
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increased morbidity [47-50] and mortality [35]. Depression is a predictor of clinical
progression independently of non-adherence behaviors [49]. Depression is fre-
quently under diagnosed and when recognized is often poorly treated, particularly
in primary medical settings where most HIV/AIDS patients receive care [7, 51].
Mounting evidence suggests that effective treatment of depression in HIV patients
may have benefits for their HI'V-treatment retention, ART adherence, and virologic
suppression, and, therefore, for community viral load [43].

HIV-Related Secondary Mania

Mania in a patient with HIV/AIDS may occur as a phase of a coexisting bipolar
disorder, or it may be secondary to the direct neuronal effects of HIV infection [4,
52], treatments for HIV infection [53-55], or HIV-related secondary infections of
the brain [56]. Affected patients appear to present with severe psychopathology [57,
58]. In developed countries, prevalence studies have shown that mania secondary to
HIV infection is common [59, 60], and it occurs more among individuals with AIDS
than among those with HIV infection alone [57, 60]. Researchers have previously
hypothesized that mania occurring in the early stages of HIV infection may repre-
sent bipolar disorder in its manic phase, whereas mania in persons with AIDS is
secondary mania linked to the pathophysiology of HIV brain infection [59, 61].

The evidence for an etiological association with HIV neuropathy was bolstered
by a prospective study of HIV-positive patients with and without mania that demon-
strated a protective effect from an antiretroviral agent able to penetrate the central
nervous system [62]. However, given the small sample sizes used in these studies,
any conclusions drawn from them should be considered tentative. The epidemiol-
ogy of mania secondary to HIV infection in Uganda and other African countries that
have high rates of HIV infection and limited access to highly active antiretroviral
therapy remains largely unknown.

A study in Uganda compared the presentation and correlates of primary mania in
HIV-negative patients with those of first episode secondary mania in HIV-positive
patients [63]. The majority of HIV-positive patients with mania met criteria for first-
episode secondary mania. Compared with HIV-negative patients with primary mania,
they were predominantly female, age 30—49 years and of low socioeconomic and
educational status. A significant number were divorced or had been widowed as a
result of losing spouses to AIDS. Clinically, the majority presented in late stages of
HIV infection, in WHO clinical stages 3 and 4. They were irritable and had aggres-
sive and disruptive behaviors, decreased need for sleep, over talkativeness, and high
rates of cognitive impairment, paranoid delusions, visual hallucinations, and audi-
tory hallucinations as well as high rates of HIV-related signs and symptoms [63].

These findings show that first-episode secondary mania in HIV-positive individ-
uals and primary mania in HIV-negative individuals are clinically and immunologi-
cally distinct. The relationship between secondary mania and depressed CD4 counts
suggests that in the setting of an AIDS epidemic in poor countries where the costs
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of measures of immune status, such as CD4 cell counts, are prohibitive, secondary
mania maybe used as an indicator to initiate highly active antiretroviral therapy [63].
Knowledge about the presentation of secondary mania in HIV infection may
improve its clinical recognition and hence guide the development of early, effective
interventions to control symptoms that not only interfere with a patient’s ability to
adhere to treatment but also predispose patients to HIV risk behaviors, which may
lead to further spread of HIV infection.

Early Onset Versus Late Onset HIV-Related Secondary Mania

A follow —up study compared the demographic and clinical characteristics of HIV-
positive patients with early-onset and late-onset first-episode secondary mania in
HIV infection, in order to determine whether baseline characteristics might provide
insights into appropriate methods of assessment and management [61]. This study
showed that among HIV-positive patients who met criteria for secondary mania,
patients with early-onset and late-onset mania had comparable socio-demographic
characteristics. Clinically, consistent with previous findings [57], patients with late-
onset secondary mania had more manic symptoms on the Young Mania Rating
Scale, YMRS. They were more irritable and had a more decreased need for sleep
than patients with early-onset secondary mania.

Bipolar Disorder Co-morbid with HIV/AIDS

Another study in Uganda revealed that patients with bipolar mania, regardless of
HIV status, had a more-or-less similar demographic profile. They had comparable
age at onset of first affective symptoms, marital and education status. Generally,
these findings are in keeping with previous descriptions of demographic character-
istics of patients with bipolar disorder elsewhere [64]. It is interesting to note that,
at the time of assessment, HIV-positive patients with bipolar disorder were older
than the HIV-negative patients. This indicates that the HIV-positive patients had a
longer duration of bipolar illness than the HIV-negative patients. One possible
explanation for this finding could be that the lack of routine screening for HIV
infection in our psychiatric hospital may have delayed diagnosis of HIV in the
majority of these patients. Previous researchers have argued that HIV-positive
patients with various bipolar subtypes may have associated impulsive, risk-taking
traits that may play a role in HIV risk-behavior such as unprotected sex [65].

This study also confirmed the hypothesis that the demographic profiles of HIV-
positive patients with bipolar mania and those with secondary mania were different.
Although, at assessment, both groups had comparable ages, those with primary
bipolar mania were younger when they had their first episode of affective symp-
toms. Also, the bipolar-mania group had more education and was more likely to be
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employed than the secondary-mania group. However, both groups of HIV-positive
patients had comparable female-to-male ratios, with women being more often
affected than men. In Africa, where heterosexual transmission predominates, men
usually have multiple sexual partners. Therefore women are more at risk of acquiring
HIV infection [66].

Clinically, as expected, the HIV-positive patients, regardless of mania status, had
more immune suppression, more cognitive impairment, and more severe manic
symptoms, with more irritability and more psychotic symptoms than the HIV nega-
tive patients with bipolar mania.

Interestingly, this study also shows that the HIV-positive individuals regardless
of manic status had comparable severity of manic symptoms. This finding suggests
that the presence of HIV infection in patients with bipolar disorder may alter subse-
quent manic episodes, making them similar to that of HIV-positive patients with
secondary mania. Therefore, one may argue that recurrent manic episodes in patients
with bipolar disorder infected with HIV may be related to the pathophysiology of
HIV infection in the brain.

We also observed that the HIV-positive patients with bipolar mania had more
cognitive impairment, more immune suppression, and, hence, more HI V-related ill-
nesses than those with secondary mania. This finding is in contrast to previous find-
ings from earlier reports, which found that HIV-positive patients with secondary
mania have more cognitive impairment and more immune suppression than HIV-
positive patients considered to have bipolar mania [57]. Possible explanations could
be that patients with bipolar disorder are already cognitively and functionally
impaired by their illness by the time they acquire HIV infection. A growing body of
evidence suggests that bipolar patients exhibit neuropsychological impairment that
persists even during the euthymic state, which may be a contributory factor to poor
psychosocial outcome [67].

Anxiety Disorders

Anxiety is a common symptom in HIV-infected patients. When anxiety symptoms
are severe or persistent to the extent that they interfere with normal functioning, the
affected patient may have an anxiety disorder. These disorders include panic disor-
der, generalized anxiety disorder, obsessive-compulsive disorder, and post-traumatic
stress disorder. A recent study among Ugandan HIV-infected patients receiving
medical care with The AIDS Support Organization (TASO) at Mulago hospital,
found that among patients with psychological distress, 27 % of these had general-
ized anxiety disorder and 27 % had panic disorder [68]. An earlier study conducted
by Petrushkin and colleagues in 2005 had estimated panic disorder at 32.6 % in
HIV-positive patients [69].

The risk factors that have been associated with development of anxiety disorders
include (i) HIV-positive diagnosis: unexpected positive test result especially with no
or poor pre-test counseling, late diagnosis, late stage of HIV/AIDS, (ii) lack of
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social support, (iii) past sexual abuse, (iv) living in a conflict/post-conflict society,
(v) violence and especially partner violence, (vi) substance abuse, (vii) poor pre-
infection psychological adjustment, for example, personality disorder, past affective
disorder,(viii) poor access to care: absent or inconsistent HIV care, (ix) poor
economic support: unemployment, poverty, (x) loss of significant others: partner,
spouse, child, parent (orphan-hood, widow, etc.) and (xi) lastly, stigma and the pres-
ence of other diseases of stigma [68, 70].

Researchers have also described AIDS phobia, obsessive compulsive disorder
and post-traumatic stress disorder (PTSD) as commonly found in HIV/AIDS. PTSD
has particularly been associated with the sudden news of a positive HIV test (espe-
cially where there was no pre-test counseling), past sexual abuse and living in con-
flict/post-conflict communities in Africa in which HIV/AIDS is often co morbid
with war-related PTSD [70, 71].

Post-traumatic Stress Disorder (PTSD)

PTSD may precede an HIV diagnosis due to previously experienced traumatic events,
or may emerge post-HIV diagnosis as a result of the stress of being diagnosed with a
life-threatening illness [72, 73] or subsequent challenges over the course of the HIV
disease trajectory. Stresses include fears and worries about physical decline and
disability, access to appropriate treatment, the welfare of dependents, loss of employ-
ment, stigma, discrimination, possible isolation, and dying or traumatic events.

Available studies from Africa suggest that the lifetime prevalence of PTSD
among PLWHA ranges from 30 % to 64 %. Among recently diagnosed HIV-positive
South African individuals, an estimated PTSD rate of 15 % and 26 % was deter-
mined at baseline and follow-up, respectively [74] compared to the South African
general population lifetime and 12 month prevalence of PTSD of 2.3 % and 0.6 %,
respectively [75, 76]. Among the 15 % who met criteria at baseline for PTSD,
patients reported as their index trauma in decreasing order, being informed of their
HIV-positive diagnosis (36 %), being raped (23 %), being robbed or assaulted
(14 %), being the victim of intimate partner violence (9 %), experiencing a serious
accident (9 %) and the death of someone close to the individual (9 %) [13, 77].
Another South African study found a lifetime PTSD rate of 54 % and an incidence
of HIV-related PTSD of 40 % [73].

Psychosis

Psychotic symptoms may be part of a major depressive disorder, schizophrenia, mania,
obsessive-compulsive disorder, medication side effects, or secondary to drug or alco-
hol abuse, CNS complications, or medications. Thus, the pathophysiology of psycho-
sis in HIV infection is complex, and a multifactorial etiology of psychotic symptoms
is likely in many cases. However, there are many reports of psychotic symptoms in
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HIV-infected persons in the absence of concurrent substance abuse, iatrogenic
causes, evidence of opportunistic infection or neoplasm, or detectable cognitive
impairment. These usually present atypically and with paranoia, as a common
symptom in clear consciousness [71]. A common clinical feature of new onset psy-
chosis in HIV-infected patients is the acute onset of HIV symptoms. In one Ugandan
study, researchers found that HIV infection worsens neuropsychological impair-
ment among individuals with psychosis which persists even during the euthymic
state. Nakasujja and her colleagues (2012) compared cognitive function in HIV
positive and HIV negative individuals in a cohort of individuals with psychosis [78].
The cognitive impairment was more pronounced among the HIV positive individu-
als and especially so for the females. Although earlier studies indicated that cogni-
tive impairment and psychosis were late manifestations of HIV disease [79, 80]
studies from Low and Middle Income Countries, LMICs show that the two condi-
tions can sometimes occur early as evidenced by the moderate level of CD4 count
and the intermediate WHO stages of disease manifestation [61].

Sero-prevalence of HIV in Severe Mental Illness (SMI)
Populations

Again, most studies of HIV sero-prevalence in individuals living with SMI have
been undertaken in HICs. A systematic review of such studies showed HIV sero-
prevalence rates ranging from 3 % to 23 % among patients with SMI [70]. The
higher HIV sero-prevalence rates among people with SMI in sub-Saharan African
countries including Zimbabwe [81, 82], Uganda [83], and South Africa [84, 85]
have underscored the importance of giving particular attention to HIV prevention
among people with SMI in sub-Saharan Africa [8].

Risk Behaviors in SMI

Individuals with SMI, particularly those with mood disorders, engage in high rates of
sexual risk behaviors associated with HIV infection, including multiple sex partners,
unprotected intercourse, and sex trade [86]. Research on the mechanisms underlying
the association between pre-existing mental disorders and HIV infection is limited.
However, it has been hypothesized that symptoms such as impulsivity, disinhibition,
poor judgment and hyper sexuality may predispose affected individuals to risky behav-
iors such as unsafe sexual practices resulting in acquisition of HIV infection [87].

Previous epidemiological studies conducted in developed countries make clear
that persons living with an SMI are more likely to be victims of sexual coercion and
intimate partner violence, to live in risky environments, to have unstable partner-
ships in high-risk sexual networks, to use substances that impair decision making,
and to lack the emotional stability, judgment, and interpersonal skills needed to
avoid risk [88].
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Data emerging from sub-Saharan African countries and other LMICs reports a
wide range of HIV risk sexual behaviors. A recent qualitative study in Uganda showed
that SMI exacerbated sexual vulnerability in the women by contributing to casual sex,
to exploitative and non-monogamous sexual relationships, and to sexual assault by
non-partners [89]. Studies from Brazil showed that high rates of lifetime unprotected
sex, substance use and, early sexual initiation are associated with SMI [74, 90].

Impact of SMI on Health Qutcomes

In Uganda, HIV positive individuals with SMI are often denied access to ART in gen-
eral hospital settings and research studies [18] because of presumed inability to ade-
quately adhere or tolerate treatment. However, recent efforts to scale up antiretroviral
therapy (ART) led to the establishment of an ART program at the Butabika National
Referral Mental Hospital. A recent study found that SMI at ART initiation was associ-
ated with worse retention in HIV care, specifically over the first 6 months [91]. This
finding suggests that early interventions to support and maintain these individuals in
care are needed for individuals with HIV and SMI who are initiating ART.

In South Africa, a cross-sectional retrospective folder review of 100 PLWH suf-
fering from an SMI revealed that 63 did not attend a first 6-month HIV clinic fol-
low-up. There were no significant differences between 6-month attenders and
non-attenders on demographic or clinical variables. After adjustment, respondents
who had been re-admitted to a psychiatric hospital more than once were more likely
not to attend their follow-up visit compared to those with no re-admissions. These
findings suggest that PLWH who have a co-morbid SMI are an especially vulnera-
ble group of patients [92].

Despite the much vulnerability among individuals with SMI, HIV prevention
and treatment programs in LMICs do not consider them as one of the most at-risk
populations (MARPs) and thus, remain the most understudied vulnerable group in
the HIV epidemic [93]. Recent evidence in high income countries, HICs, suggests
that specialized programmes and services for serious mental illness and HIV-
positive individuals have resulted in HIV care that is as good, and in some ways
better than other HIV patients without SMI [94, 95]. Thus, targeted culturally sensi-
tive HIV prevention programs [96] for individuals with SMI in LMICs should be a
priority in stemming the HIV epidemic.

Conclusion

To begin the process of any HIV care, routine HIV testing coupled with pre- and
post-test counseling should be offered to patients accessing outpatient and inpatient
mental health services. Psychiatric assessment should always be incorporated into
any assessment of patients with HIV/AIDS. Referral networks to other healthcare
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facilities should be put in place so that medical assessments to rule out organic
causes can be treated. Mental health care providers should be equipped with skills
and tools to provide prevention interventions for persons living with mental disorder
and HIV/AIDS [97]. Likewise, HIV healthcare personnel need to be equipped with
skills and tools to be able to carry out routine mental health assessments/screening
for the common mental health problems in HIV/AIDS.

Lastly, HIV infection causes significant brain degeneration with resultant affective
(depression, mania), psychotic, anxiety and cognitive disorders, the latter commonly
referred to as HIV-Associated neurocognitive disorders or HAND. These neuropsy-
chiatric disorders occur in both children and adults. Untreated, they will compromise
adherence to treatment initiatives and pose significant HIV-infection risk behavior.
All this calls for integration of mental health care in any HIV-care program for their
early detection and treatment for better outcomes and improved quality of life for
PLWHA and for prevention strategies if we are to stem the epidemic.
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Chapter 11
Children with Neurodegenerative
Development Disorders in Uganda

Angelina Kakooza-Mwesige and Dirk M. Dhossche

Abstract Neurodegenerative disorders in childhood are a miscellaneous group of
severe disorders characterized by regression and progressive neurological degenera-
tion with impairment of vision, hearing, speech or movement often associated with
seizures, feeding difficulties and impairment of intellect. The course can be acute,
rapidly progressive or slowly progressive, only disclosing its full impact over time.
Neurodegenerative diseases have multiple causes including metabolic, viral, immu-
nopathic, environmental and epileptogenic, but many lack an identifiable biochemi-
cal or metabolic cause or mechanism. Neurodegenerative disorders are an important
source of childhood impairment in developing countries like Uganda due to the high
prevalence of specific causes such as human immunodeficiency virus, cerebral
malaria, sub-acute sclerosing panencephalitis due to measles, and the emergence of
poorly understood entities such as Nodding Syndrome. Knowledge on this extremely
varied group is expanding along with biochemical and genetic advances but there is
currently a paucity of data in most low and middle income settings including Uganda
on the number of children affected by neurodegenerative disorders and their demo-
graphic characteristics. The detection and diagnosis of childhood neurodegenera-
tive disorders is complex and fraught with pitfalls. There is need to incorporate a
rigorous history, including family history, and physical examination as an indis-
pensable component of the diagnostic evaluation. Neurodegenerative disorders may
be mistaken at the disease onset for unexplained psychiatric disturbance, cerebral
palsy, epilepsy or cognitive impairment. Laboratory investigations, neuroimaging
and specific tests assist in making an accurate diagnosis which is important for
appropriate therapy, prognosis, and genetic counseling. Often the treatment is
symptomatic but dietary restrictions may be useful in certain diseases as well as
specific treatments to counteract the offending metabolites, improve or decrease
abnormal enzyme function, or to off-set metabolic dysfunction. It may be possible
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in the future to target specific pathways with somatic gene therapy but this will
require more technological advances and discoveries. A referral for genetic coun-
seling is important due to heritability of many neurodegenerative disorders. Public
health initiatives should focus on the risk of consanguineous marriages as a way to
raise awareness of a preventable cause of a neurodegenerative disorder in
childhood.

Keywords Neurodegenerative disorders ¢ Neurodevelopmental disorders e
Childhood * Regression

Abbreviations

BBB Blood-brain barrier

CNS Central nervous system

CSF Cerebral spinal fluid

ECG Electrocardiogram

EEG Electroencephalogram

ERG Electroretinogram

HAART  Highly active antiretroviral therapy
HIC High income countries

LMIC Low and middle income countries
NDDD’s Neurodegenerative developmental disorders
NS Nodding syndrome

SSPE Subacute sclerosing panencephalitis
Introduction

Neurodevelopmental disorders have been singled out as one of the greatest chal-
lenges to improving global public health by the World Health Organization (WHO)
[1]. Neurodevelopmental disorders comprise a miscellaneous group of chronic con-
ditions, often severe, that commence during neurological development and typically
persist throughout the life of an affected child. These include the following specific
conditions: cognitive impairment, learning disorders, cerebral palsy, autism spec-
trum disorders, epilepsy, attention deficit hyperactivity disorders, hearing impair-
ment, visual impairment and neuromuscular disorders.

A small group of children is afflicted with neurodegenerative disorders, a severe
type of disorder characterized by regression and progressive neurological degenera-
tion that can occur acutely, rapidly progressive, or slowly progressive only disclos-
ing its full impact over time. Neurodegenerative diseases have multiple causes,
including metabolic, viral, immunologic, environmental and epileptogenic, but
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many lack an identifiable biochemical or metabolic cause or mechanism. Knowledge
on this extremely varied group is expanding along with biochemical and genetic
advances and will be discussed in this chapter.

Neurodegeneration denotes the progressive loss of structure and function of neu-
rons from the central or peripheral nervous system [2]. This evolving loss of neu-
rons produces the neurodegenerative developmental disorders (NDDD’s) by causing
the child’s brain to degenerate and results in severe cognitive impairment or death
[3]. These neurodegenerative disorders of childhood include a large, diverse group
of diseases that develop as a consequence of certain genetic and biochemical defects,
chronic viral infections, and miscellaneous unidentified causes.

There is paucity of data in most low and middle income settings including
Uganda on the number of children affected by NDDD’s and their demographic
characteristics. Furthermore the diagnosis of these conditions is often impeded by
the perplexing nature of presentation which is comparable to the common pediatric
problems such as failure to thrive, recurrent vomiting, feeding problems, sepsis and/
or developmental delay [4]. In addition, NDDD’s may be mistaken at their onset for
unexplained psychiatric disturbance, cerebral palsy, epilepsy or cognitive impair-
ment. This implies that one has to have a high index of suspicion and sum up all the
important clinical information so that the appropriate investigations are carried out.
Furthermore it stresses the importance of obtaining a thorough history and physical
examination as a precondition to undertaking extensive investigations in these dis-
orders. The aim of this chapter is to present an overview of some of the causes of
neurodegenerative disorders and their presentation as seen in Ugandan children.

Epidemiology

Neurodegenerative disorders are a small but severe subgroup within the neurodevel-
opmental disorders. Research on neurodegenerative disorders in childhood is lim-
ited in Uganda and in most other developing countries yet there are emerging data
on the whole group of neurodevelopmental disorders. The available data on some
neurodevelopmental disorders will be presented here. Data on specific and common
etiologies such as human immunodeficiency virus, cerebral malaria, sub-acute scle-
rosing panencephalitis, and Nodding syndrome will be presented later in the text.
Neurodevelopmental disorders among children have been extensively researched
in High Income Countries (HIC) but there is limited information on them in Low
and Middle Income Countries (LMIC) because there are hardly any studies measur-
ing the prevalence of these disorders, and none measuring changes over time. It is
believed that neurodevelopmental disorders are more common in Low and Middle
Income Countries (LMIC) than in the High Income Countries (HIC) due to multiple
known risk factors such as malaria, HIV and other infectious diseases. However
with the advent of effective prevention and treatment of infectious diseases, control
of toxic exposures and nutritional deficiencies there has been a significant lowering
of the childhood mortality over the last decade [5]. This implies that there will likely
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be an expected increase in prevalence of children with neurodevelopmental disor-
ders as the mortality is higher in such children compared with the typically
developing ones [6]. This hypothesis however needs to be supported by further
studies.

A three stage community based survey conducted in rural and urban areas of
Uganda to study the prevalence of neurodevelopmental disorders screened 1,169
children aged 2-9 years focusing on seven conditions namely: cognitive impair-
ment, cerebral palsy, autism spectrum disorders, epilepsy, speech and language dis-
orders, hearing impairment and vision impairment. A prevalence of 10.3-12.8/100
population was reported [7]. Of these the most common neurodevelopmental disor-
der was moderate-severe cognitive impairment (26.2 %), followed by epilepsy
(10.6 %) and speech and language impairment (8.6 %). The estimated prevalence
for Autism was 1.2/100-1.3/100 children in this population [7] There is scanty
information on the basic descriptive epidemiology of neurodegenerative develop-
mental disorders (NDDD’s) in childhood, particularly in LMIC. Currently available
data from LMIC is often based on case series from referral hospitals or designated
community studies and as such, is neither representative of the larger geographic
region, nor of the whole spectrum of NDDD’s.

In general, NDDD’s are rare in the pediatric population and are estimated to
occur in 1/10,000-1/500,000 of the population in the HIC [8]. In the few studies
done earlier in Africa focusing on varied disease conditions the prevalence ranged
from 4.8/100,000 to 10/100,000 [9, 10]. The varied aspects regarding these condi-
tions among children in Uganda remain obscure. Nevertheless, it is known that as a
group of diseases they confer an enormous burden in terms of human suffering and
economic cost on the child, the family and the community [11].

Diagnosis

A specific biochemical or genetic defect does not wholly ascertain the diagnosis of
a NDDD. There is need to incorporate a rigorous history and physical examination
as an indispensable component of the diagnostic evaluation. The characteristic of a
neurodegenerative disorder is regression and progressive deterioration of neuro-
logic function with impairment of vision, hearing, speech or movement often asso-
ciated with seizures, feeding difficulties and impairment of intellect. Reaching a
specific diagnosis is important for providing appropriate therapy, prognosis and
genetic counseling. The inheritance pattern of several neurodegenerative disorders
is autosomal recessive, and therefore consanguinity is considered a risk factor that
should be addressed when counseling families and raising awareness through pub-
lic health policy [12]. Examples of some neurodegenerative disorders, the time of
presentation, inheritance pattern and associated features are shown in Tables 11.1,
11.2, and 11.3.
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Table 11.1 Some neurodegenerative disorders in neonates showing the principal systems affected,
neurologic/psychiatric/behavioral abnormalities and their inheritance patterns

Neurodegenerative System Neurologic/psychiatric/behavioral Inheritance
disorder involved abnormalities pattern
Infantile Refsum’s Peroxisomal Rapid, jerky eye movements Austosomal
disease disorders (nystagmus); progressive muscle recessive
weakness and wasting; poor balance
and coordination (ataxia); hearing
loss
Zellweger syndrome Peroxisomal Weak muscle tone (hypotonia), Austosomal
disorders feeding problems, hearing loss, recessive
vision loss, and seizures
Neonatal Peroxisomal Hypotonia, vision problems, hearing | Austosomal
adrenoleukodystrophy disorders loss, liver dysfunction, recessive
developmental delay, intellectual
disability
Ornithine Urea cycle Feeding difficulties, lethargy, and X-linked
transcarbamoylase disorders respiratory distress, irritability, recessive
deficiency temper tantrums, inconsolable
crying, ataxia, seizures,
hyperactivity
Argininosuccinicaciduria | Urea cycle Feeding difficulties, lethargy, mental | Austosomal
disorders retardation, recurrent generalized recessive
convulsions, ataxia, poorly
controlled breathing rate or body
temperature
Arginosuccinate lyase Urea cycle Lethargy, poor feeding, Austosomal
deficiency disorders neurocognitive deficiencies recessive
(attention deficit hyperactivity
disorder) [ADHD], developmental
disability, seizures, and learning
disability
Pyruvate carboxylase Mitochondrial | Weak muscle tone (hypotonia), Autosomal
deficiency disorders abnormal movements, seizures, and | recessive
coma
Glutaricaciduria type II | Mitochondrial | Poor feeding and decreased activity, | Autosomal
deficiency disorders and vomiting recessive
Carnitine Mitochondrial | Seizures, cardiomyopathy, Autosomal
palmitoyltransferase disorders respiratory failure, seizures, liver recessive
deficiency type 11 failure, cardiomyopathy, and an
irregular heartbeat (arrhythmia)
Maple syrup urine Amino acid Intermittent periods of ataxia, Autosomal
disease and organic drowsiness, behaviour disturbances, | recessive
acid disorders | and seizures
Nonketotic Amino acid Lethargy, profound hypotonia, Autosomal
hyperglycemia and organic intractable generalized or myoclonic | recessive

acid disorders

seizures, apnea, feeding difficulties

(continued)
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Table 11.1 (continued)

Neurodegenerative
disorder

Methylmalonic acidemia

Menkes kinky hair
syndrome

Spinal muscular atrophy
type 1

Smith-Lemli-Opitz
syndrome

Galactosemia type I

System
involved
Amino acid
and organic
acid disorders

Copper
transport
system

Peripheral
nerves

Cholesterol
metabolism

Carbohydrate
metabolism

A. Kakooza-Mwesige and D.M. Dhossche

Neurologic/psychiatric/behavioral
abnormalities

Hypotonia, lethargy, recurrent
vomiting, profound metabolic
acidosis, spastic quadriparesis,
dystonia, and severe developmental
delay

Weak muscle tone (hypotonia),
sagging facial features, seizures,
developmental delay, and
intellectual disability

Muscle weakness, respiratory
failure, a weak cry; problems
feeding; recurrent episodes of
pneumonia, excessive sweating
(hyperhidrosis), loss of bladder and
bowel control, and an irregular
heartbeat (arrhythmia)
Microcephaly, moderate-severe
intellectual disability, Autistic
behaviours, hyperactivity,
aggressiveness and self injurious
behaviours weak muscle tone
(hypotonia), feeding difficulties,
sleep cycle disturbance

Poor feeding, delayed development,
clouding of the lens of the eye
(cataract), speech difficulties, and
intellectual disability

Inheritance
pattern

Autosomal
recessive

X linked
recessive

Autosomal
recessive

Autosomal
recessive

Autosomal
recessive

Table 11.2 Some neurodegenerative disorders in infancy showing the principal systems affected,
neurologic/psychiatric/behavioral abnormalities and their inheritance patterns

Neurodegenerative
disorder System involved
Farber’s disease Lysosomal

storage diseases

Krabbe’s disease Lysosomal
storage diseases

Tay-Sachs disease | Lysosomal
storage diseases

Neurologic/psychiatric/behavioral
abnormalities

Paralysis of the arms and legs
(quadriplegia), seizures, loss of speech,
involuntary muscle jerks (myoclonus),
and developmental delay

Irritability, muscle weakness, feeding
difficulties, episodes of fever without
any sign of infection, stiff posture, and
slowed mental and physical
development, vision loss and seizures
Loss of motor skills such as turning
over, sitting, and crawling exaggerated
startle reaction to loud noises, seizures,
vision and hearing loss, intellectual
disability, and paralysis

Inheritance
pattern

Autosomal
recessive

Autosomal
recessive

Autosomal
recessive

(continued)



Vitamin biotin

delayed development, hearing loss, eye
abnormalities, loss of vision, problems
with movement and balance (ataxia),
skin rashes, hair loss (alopecia)
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Table 11.2 (continued)
Neurodegenerative Neurologic/psychiatric/behavioral Inheritance
disorder System involved | abnormalities pattern
Alexander disease | Leukodystrophies | Megalencephaly, seizures, spasticity, Autosomal
intellectual disability and dominant
developmental delay
Canavan disease Leukodystrophies | Feeding and swallowing difficulties, Autosomal
seizures, and sleep disturbances, recessive
developmental delay, hypotonia,
macrocephaly, abnormal posture, and
intellectual disability
Pelizaeus- Leukodystrophies | Impaired intellectual functions, such as | X linked
Merzbacher language and memory, delayed motor recessive
disease skills, such as coordination and walking
Leigh disease Mitochondrial Hypotonia, involuntary muscle Autosomal
disease contractions (dystonia), ataxia, recessive/X
peripheral neuropathy, weakness or linked
paralysis of the muscles that move the | recessive/
eyes (ophthalmoparesis); rapid, Sporadic
involuntary eye movements
(nystagmus); or degeneration of the
nerves that carry information from the
eyes to the brain (optic atrophy), severe
breathing problems, and hypertrophic
cardiomyopathy
Medium-chain Mitochondrial Lethargy, vomiting, seizures, breathing | Autosomal
acyl CoA disease difficulties, liver problems, coma, and recessive
dehydrogenase hypoglycemia
deficiency
Phenylketonuria Amino acids and | Profound intellectual disability, Autosomal
organic acid developmental delay, microcephaly, recessive
diseases seizures (e.g., tonic-clonic, myoclonic,
infantile spasms), tremors, athetosis,
and spasticity, autistic behavior and
attention-deficit-hyperactivity disorder
Glutaric aciduria Amino acids and | Macrocephaly, muscular spasms, Autosomal
type I organic acid jerking, rigidity, or decreased muscle recessive
diseases tone
Lowe syndrome Central nervous Delayed development, impaired vision, | X linked
system and eyes moderate to severe intellectual recessive
and kidneys disability, Kidney abnormalities,
seizures, weak muscle tone from birth
(neonatal hypotonia), feeding
difficulties and problems with breathing
Biotinidase Enzymes that Seizures, weak muscle tone Autosomal
deficiency depend on (hypotonia), breathing problems, and recessive
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Table 11.3 Some neurodegenerative disorders in childhood and adolescence showing the principal
systems affected, neurologic/psychiatric/behavioral abnormalities and their inheritance patterns

Neurodegenerative
disorder

Charcot Marie tooth
disease

Wolfram syndrome
(diabetes insipidus,
diabetes mellitus, optic
atrophy and deafness)
[DIDMOAD]
Symptomatic
progressive myoclonic
epilepsies (such as
Unverricht-Lundborg
disease (ULD) and
Lafora disease)

Metachromatic
leukodystrophy

Late-onset GM2
gangliosidosis

Juvenile Huntington’s
disease

Fabry’s disease

Kearns-Sayre
syndrome

MELAS syndrome,
NARP

System
involved

Peripheral
nerves

Multisystem

Central nervous
system and for
Lafora disease
in addition-
affects heart,
liver and
muscle

Central and
peripheral
nervous system
Lysosomal
disorder

Basal ganglia

Lysosomal
storage disorder

Mitochondrial
disease

Mitochondrial
disease

Neurologic/psychiatric/behavioral
abnormalities

Balance difficulties, clumsiness, and
muscle weakness in the feet, loss of
sensation and wasting (atrophy) of
muscles in the feet, legs, and hands
Depression, paranoia, auditory or
visual hallucinations, violent
behavior, dementia, suicide

Myoclonic jerks and tonic-clonic
seizures visual hallucinations
(occipital seizures), progressive
neurologic degeneration including
cognitive and/or behavioral
deterioration, dysarthria, and ataxia

Ancxiety, depression, emotional
lability, social withdrawal,
schizophrenia, poor memory

Dystonia, intention tremor, dementia,
obsessional paranoia, hallucinations,
acute psychosis, dysarthria

Rapid, significant drop in overall
school performance, depression, gait
disturbances, tremors or slight
involuntary movements, seizures,
obsessive compulsive disorder,
mania, sexual inhibition or
inappropriate sexual behaviours
Pain, particularly in the hands and
feet (acroparesthesias); a decreased
ability to sweat (hypohidrosis);
cloudiness of the front part of the eye
(corneal opacity); ringing in the ears
(tinnitus); and hearing loss

Cardiac conduction defects, ataxia,
muscle weakness, deafness, kidney
problems, and a deterioration of
cognitive functions (dementia)
Recurrent stroke-like episodes in the
brain, migraine-type headaches,
vomiting and seizures, general
muscle weakness, exercise
intolerance, hearing loss

Inheritance
pattern

Autosomal
dominant

Autosomal
recessive

Autosomal
recessive

Autosomal
recessive

Autosomal
recessive

Autosomal
dominant

X-linked
recessive

Variable

Variable

(continued)
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Table 11.3 (continued)

Neurodegenerative
disorder

MERREF syndrome
Juvenile neuronal
ceroid lipofuscinosis

Subacute sclerosing
panencephalitis

Adrenoleukodystrophy

Variant Creutzfeldt—
Jakob disease

Wilson disease

Multiple sclerosis

Friederich’s ataxia

Gaucher’s disease
type 1

System
involved

Mitochondrial
disease

Lysosomal
storage disorder

Central nervous
system

Central nervous
system and the
adrenal glands
Central nervous
system

Multisystem
especially liver,
brain, and eyes

Central and
peripheral
nervous system

Central and
peripheral
nervous system
-spinocerebellar
degeneration

Lysosomal
storage disorder

Neurologic/psychiatric/behavioral
abnormalities

Myoclonus (muscle jerks), seizures,
ataxia, muscle weakness, hearing
impairment

Inappropriate behavior, thought
disorder, paranoia with
hallucinations, delusions

Deterioration in learning or
schoolwork, involuntary movements,
deterioration in the thought
processes, myoclonic jerks, epileptic
seizures may or may not occur
Difficulty reading or writing,
obsessional behavior, irritability,
social withdrawal, dementia

Dementia, blurred vision, gait
changes, disorientation,
hallucinations, lack of coordination,
myoclonic jerks or seizures,
personality changes, sleepiness,
speech impairment

Antisocial behavior, anxiety,
depression, manic depressive
psychosis, clumsiness, tremors,
difficulty walking and mood swings

Overwhelming fatigue, visual
disturbances, altered sensation and
difficulties with mobility, muscle
stiffness (spasticity), exaggerated
reflexes (hyperreflexia), or poor
bladder control

Ataxia, gradual loss of strength and
sensation in the arms and legs,
muscle stiffness (spasticity),
impaired speech, hypertrophic
cardiomyopathy, impaired vision,
hearing loss, or an abnormal
curvature of the spine (scoliosis)
Hepatosplenomegaly, Anemia,
Thrombocytopenia, Bone disease
(bone pain and fractures), seizures
and slowing of horizontal eye
movements

145

Inheritance
pattern

Variable

Autosomal
recessive

Sporadic

X-linked
recessive

Unknown

Autosomal
recessive

Unknown

Autosomal
recessive

Autosomal
recessive
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Regression and Progressive Neurological Deterioration Are
Cardinal Features

The presentation of a child with a neurodegenerative developmental disorder has
varied manifestations. Some children may present with a history of regression in
previously acquired developmental milestones, or history of a delay in acquisition
of milestones, history of no further attainment of milestones following previously
normal progress or a history of total loss of previously acquired milestones. This is
graphically illustrated in Fig. 11.1 that demonstrates the possible developmental
trajectories of child development. Child (A) depicts the normally developing child
who attains the neurodevelopmental milestones at the appropriate successive age.
Child (B) shows a child having a fairly stable developmental progress however this
is made at twice the successive age and is a picture typical of children with cognitive
impairment. Child (C) shows an initial developmental progress which then levels
off with hardly any more variation. This represents a child with a neurodegenerative
disorder even in the absence of developmental regression. Child (D) initially exhib-
its a similar trend as is seen in child (C) nonetheless this is followed by gradual loss
of developmental skills and is a picture that typifies “classic” neurodegenerative
disorder. Child (E) on the other hand shows that this gradual loss of skills is not
necessarily a smooth uninterrupted process but may proceed in intermittent bursts
of deficits which may denote stress arising from the effects of injury or illness.

In certain circumstances it can be challenging to differentiate between a plateau-
ing of skills, a pseudo-regression and real onset of a neurodegenerative condition in
a child with a pre-existing neurological deficit. In such situations it is important to
review the authenticity of the original diagnosis and institute the appropriate mea-
sures where possible to reverse the condition. Some causes of pseudo-regression

(A)

Fig. 11.1 Graphic
representation of childhood
development (Reproduced
with permission from
Goldstein E. M, & Holden
KR, (2009),
Neurodegenerative Disorders:
Variable Clinical Presentation
of Cognitive Decline, in
Bernard L. Maria (ed.),
Current Management in Child
Neurology (4th Edition, (E)
pp. 322-336), Shelton, CT:
People’s Medical Publishing 1 2 3 4 &
House, (PMPH-USA)) Chronological Age (Years)

Developmental Skills (Years)
=
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may include: depression especially in adolescents, poorly controlled and subtle
epileptic seizures as is seen in unrecognized absence seizures or non-convulsive
(“subclinical”) status epilepticus, acquired hypothyroidism, substance abuse, lead
encephalopathy, repeated traumatic brain injury and in children deprived of emo-
tional contact as seen in prolonged hospitalizations [13] or in those who witness
domestic violence [14].

Initial Evaluation of Children Suspected of Suffering
from Neurodegenerative Disorders

A comprehensive history taking followed by detailed physical examination is
paramount when evaluating children with suspected neurodegenerative disorders
[4, 12, 15]. A thorough history taking is essential for the assessment of any child
with developmental regression in order to exclude other disorders that may mimic
neurodegenerative disorders. Following an uneventful pregnancy and delivery of a
normal full term child, the child with suspected neurodegenerative disorder may
either present with an acute and rapidly progressive or a vague and slowly progres-
sive course. For the latter course it is crucial that it should be distinguished from a
static non-progressive disorder. The slowly progressive course primarily affects
the white matter and can commence in infancy, childhood or adolescence. Usually
the acute onset predominantly affects the gray matter and is seen in neonatal or early
infancy with the symptoms commencing a few days after birth.

Following an in-depth history, a formulation of differential diagnoses is made
to come to a diagnostic hypothesis directing subsequent laboratory investigations.
A classic distinction in the group of neurodegenerative disorders involves those
with predominant white matter involvement (such as Multiple Sclerosis,
Adrenoleucodystrophy, Alexander Disease, Canavan Disease, Krabbe
Leukodystrophy, Metachromatic Leucodystrophy) versus those with predominant
gray matter involvement (such as Mitochondrial Encephalopathies, Neuronal
Ceroid Lipofuscinonis, Progressive Infantile Poliodystrophy, and the Symptomatic
Progressive Myoclonic Epilepsies) [16].

White matter disorders typically feature onset in late childhood, with initially
normal cognitive functions, but early and prominent spasticity and cerebellar signs,
gait difficulties, and early peripheral neuropathy due to demyelination. Later signs
occasionally include focal neurologic deficits, seizures and megalencephaly. Other
signs are absence of exaggerated reflexes and optic atrophy. The electroencephalo-
gram (EEG) shows diffuse delta slowing, the electromyogram (EMG) shows slowed
nerve conduction velocity and evoked potentials are prolonged or absent.

Disorders primarily affecting white matter can be subdivided into two broad cat-
egories, demyelinating and dysmyelinating/hypomyelinating. Demyelination
occurs when immune-mediated inflammatory responses, toxic exposure, or vascular
injury destroys previously normal myelin, as for example in multiple sclerosis,
acute disseminated encephalomyelitis, acute hemorrhagic leukoencephalitis and



148 A. Kakooza-Mwesige and D.M. Dhossche

myelinoclastic diffuse sclerosis of Schilder. These white matter disorders likely
have an immunological basis but their mechanisms are not completely understood.
Disorders that involve dysmyelination or hypomyelination include metabolic
diseases affecting the nervous system such as galactosemia, pyridoxine-dependent
seizures, infantile Refsum’s Disease, metabolic disorders of lipid metabolism
(e.g., Metachromatic Leukodystrophy, Krabbe’s Disease, and diseases affecting
myelin proteins (e.g., Pelizaeus-Merzbacher) (see Tables 11.1, 11.2, and 11.3).

In contrast, gray matter disorders manifest typically in early infancy with micro-
cephaly, early severe seizures, and progressive dementia. Later features are axonal
loss, retinal degeneration, progressive spasticity. The reflexes remain normal or
become exaggerated. The EEG shows epileptiform discharges, the EMG and evoked
potentials are usually normal. The main localization of grey matter loss is specific
in some disorders. The basal ganglia are mainly involved in Juvenile Huntington
Disease or Wilson Disease. Friedreich Ataxia involves spinocerebellar degenera-
tion; in Spinal Muscular Atrophy, a genetic defect causes targeted death of neuronal
cells in the anterior horn of the spinal cord with subsequent system-wide muscle
wasting (see Tables 11.1, 11.2, and 11.3).

It is conceded that many neurodegenerative disorders have mixed white and gray
matter involvement, or both grey and white matters are involved in a later stage of
many of the disorders. Classification schemes may use the type of underlying
molecular and genetic defect and change as such due to advances in identifying
these defects. Examples are the group of Peroxisomal Disorders that include
Adrenoleucodystrophy and Zellweger Syndrome, and the group of Lysosomal
Disorders including Krabbe Leukodystrophy and Metachromatic Leukodystrophy).

Postnatal complications such as kernicterus, sepsis, meningitis, and head trauma
should be investigated in the history as non-supportive of a neurodegenerative dis-
orders. On the other hand, a positive family history of neurological disorders or
early and unexplained deaths may suggest the presence of an undiagnosed inherited
neurodegenerative disorder. Other confounders mimicking neurological regression
and deterioration such as medical disorders, visual impairment, hearing loss, epi-
lepsy, autism spectrum disorders, intellectual disability, attention-deficit hyperactiv-
ity disorders, or child abuse and neglect need to be considered when taking the
history.

The clinical examination should include head circumference to detect megalen-
cephaly, an important feature in Canavan, Tay-Sach’s, Sandhoff’s and Alexander
Disease, or microcephaly that is a usual feature of many gray matter disorders due
to progressive neuronal loss. Dysmorphic features need to be assessed as facial
dysmorphisms are associated with some neurodegenerative disorders such as
Zellweger Syndrome and mucopolysaccaridoses. A thorough neurological exami-
nation permits us to further define which specific nervous system functions or sys-
tems are deranged. In particular one should also assess ocular abnormalities that are
prevalent in neurodegenerative disorders, in the form of optic atrophy in white mat-
ter disorders and retinal degeneration in grey matter disorders.

More specifically during the eye examination, look out for evidence of cortical
blindness as in MELAS syndrome, abnormal movements (as in Ataxia telangiectasia,
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Gaucher’s disease, types 2 and 3, Kearns-Sayre syndrome and Pelizaeus-Merzbacher
disease), corneal clouding (as in Wilson’s disease and Hurler’s disease), lens opaci-
ties (as in Fabry’s disease, Galactosemia, Lowe syndrome,) optic atrophy (as in
Canavan disease Metachromatic leukodystrophy, Adrenoleukodystrophy and
Pelizaeus-Merzbacher disease) or a Cherry Red Macula (as seen GM1 gangliosido-
sis, Tay-Sachs disease, Sialidosis type I).

Specific clinical findings give clues to the diagnosis. For example, hepatomegaly
and/or splenomegaly are prominent in mucopolysaccaridosis, sphingolipidosis, per-
oxisomal and mitochondrial disorders. Progressive renal failure is found in Fabry
Disease and Lowe Syndrome. Abnormalities of the hair (seen in Menkes syndrome,
Biotinidase deficiency and mucopolysaccaridoses), the kidneys (as in Zellweger
syndrome). Mucopolysaccaridosis, Friedreich Ataxia, and mitochondrial disorders
are associated with cardiac disorder.

Investigations for Neurodegenerative Disorders

As a general rule, findings on history and physical examination should guide the
selection of laboratory investigations as many neurodegenerative disorders have
unique genetic, metabolic, or enzymatic markers. Facilities for a comprehensive
workup for most neurodegenerative disorders are currently unavailable in Uganda
with most assays having to be performed by overseas laboratories.

Initial laboratory studies should include blood analysis covering complete blood
count, glucose, calcium, anion gap, electrolytes, renal function tests, ammonia, ami-
notransferases, lactic acid, pyruvic acid, uric acid and ketones. Urine analysis is
done for ketones, pH, aminoaciduria, organic aciduria, homocystinuria, mycopoly-
saccharides and oligosaccharides. Serum ammonia, lactate, pyruvate, amino acids,
and urine for amino acids and organic acids would screen for most amino acids
disorders, organic acidopathies, and urea cycle abnormalities. Chest X-ray may
show cardiomegaly in mitochondrial disorders, Friedreich Ataxia, and mucopoly-
saccharidosis. Conduction abnormalities may be present on electrocardiogram
(ECGQG). Skeletal survey may reveal specific bony abnormalities such as dysostosis
multiplex in mucopolysaccharidosis.

Children with dysmorphic features should have genotyping and chromosomal
studies. Other investigations that bring important information are EEG often show-
ing bilaterally synchronous paroxysmal discharges in grey matter disorders versus
continuous non-paroxysmal slow wave activity in white matter disease. In diseases
involving both the grey and white matter, the pattern may be mixed with both bilat-
erally synchronous paroxysmal discharges and markedly increased recordings of
slow wave activity. The electroretinogram (ERG) may provide information about
retinal involvement that features in several metabolic diseases. Recording of visual
evoked potentials assist in documenting retinal lesions that may be more focal or
restricted to retinal ganglion cells as in gangliosidosis. Brainstem auditory evoked
potentials may be abnormal in a demyelinating disease or in axonal lesions. Nerve
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conduction studies show decreased nerve conduction velocity in demyelinating
neuropathy, and decreased amplitude of the motor or sensory action potential in
axonal neuropathy. Abnormal neurogenic changes can be differentiated from
myopathic changes by analysis of the electromyogram.

Specific diagnostic tests and enzyme assays can be done to identify specific
neurodegenerative disorders that often involve skin fibroblast culture, CSF exami-
nation, DNA studies, nerve, or muscle biopsies. These tests are not done routinely
but only in specialized laboratory, are often expensive, and can be found in other
literature [17].

Role of Neuroimaging

There are a range of neuroimaging techniques that could be employed for the early
diagnosis of neurodegenerative disorders; however one needs to consider the purpose
of the investigation. Early diagnosis may be used to appropriately delineate a spe-
cific disease condition from others that may present with similar clinical symptoms
especially in the early stages, alternatively it may be utilized to timely identify a
malfunctioning central nervous system before the clinical symptoms appear.

In Uganda there are limited diagnostic modalities with respect to brain imaging
despite its significant value. Cranial computed tomography (cranial CT) and
magnetic resonance imaging (MRI) brain scans are usually employed. MRI how-
ever plays a primarily vital role in diagnosis of central nervous system degenerative
illnesses because it is exceptional in the visualization of many cerebral abnormali-
ties compared to CT.

Other powerful neuroimaging techniques that permit visualization of organ
structure and function with precision include: positron emission tomography (PET)
and single photon emission computed tomography (SPECT) but these are currently
unavailable. These utilize radio-ligands which measure in detail the functioning of
distinct areas of the human brain and are beneficial in detecting and characterizing
potential pathophysiological brain changes. These methods particularly PET that
has the higher sensitivity are of great value in detecting early stages of the causes of
cognitive impairment [18].

General Treatment Guidelines

Treatment can be directed towards the underlying disorder, associated features, and
complications. Dietary restriction is useful in certain diseases such as phenylketon-
uria, maple syrup urine disease, adrenoleukodystrophy etc. Treatable complications
include epilepsy, sleep disorder, behavioral problems, feeding difficulties, gastro-
esophageal reflux, spasticity, drooling, skeletal deformities, and recurrent chest
infections. Specific treatments to counteract the offending metabolite (s), improve
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or decrease abnormal enzyme function, or to off-set metabolic dysfunction are
possible for specific diseases in addition to organ transplantation including bone
marrow transplantation (when irreparable brain damage has not occurred). Bone
marrow transplantation has been shown variable but promising results in lysosomal
storage diseases, mucopolysaccharidoses, Gaucher’s Disease, metachromatic
leukodystrophy, and adrenoleukodystropy. It may be possible in the future to target
specific pathways with somatic gene therapy but this will require more technologi-
cal advances and discoveries. A referral for genetic counseling is important due to
heritability of many neurodegenerative disorders. Public health initiatives should
focus on the risk of consanguineous marriages as a way to raise awareness of a
preventable cause of neurodegenerative disorders in childhood.

Common Etiologies of NDDD’s Seen in Uganda

Human Immunodeficiency Virus (HIV)

The human immunodeficiency virus (HIV) belongs to the Lentivirus genus of the
Retroviridae family. The UN estimates that there were 35.3 (32.2-38.8) million
people in the world infected with HIV in 2012 [19]. Uganda is estimated to have
1.5 million people living with HIV-1, of whom 190,000 are children [20].

HIV-1 is the most common cause of HIV infection in Africa with mother-to-
child transmission of HIV (MTCT) being the major mode of acquisition of infection
in children. The estimated risk of perinatal acquisition of untreated women to their
infants ranges from 13 % to 30 % with approximately 400,000 new HIV-1 infec-
tions occurring each year [20].

A very high mortality is seen in low income countries with mortality rates of over
50 % by the age of 2 years when no treatment is instituted [21] and Uganda is no
exception [22].

The HIV virus has a predilection for the Central Nervous system especially the
microglia with as many as 10 % of children with AIDS developing HIV progressive
encephalopathy (HPE). Information from a systematic review of studies on paediatric
HIV/AIDS and neurodevelopment in infancy in Sub-Saharan Africa (SSA) shows
that HIV affects all spheres of child functioning. The sphere of motor development
is the most noticeably affected in terms of severity, time of onset and persistence
across the age groups [23]. The cognitive sphere is also significantly affected
compared to their age and gender matched HIV negative peers. One study found
that despite being clinically and neurologically stable, school-aged HIV- positive
children (aged 6-11 years) had considerably lower cognitive scores compared with
the age and gender-matched HIV negative children [24].

In contrast, an earlier long-term prospective study of HIV-infected Ugandan chil-
dren followed from birth to school age, found no evidence of significant differences
in neurologic, motor, and psychometric development when compared with serorev-
erter children or with HIV negative children who were born to HIV-negative mothers.
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This was attributed to possible earlier death of the severely ill children with HIV
encephalopathy in the cohort leaving survivors with a somewhat static/stable expres-
sion of the disease hence the normal range cognitive assessments [25].

Risk Factors

The timing of HIV infection is the risk factor identified so far as contributory to this
condition, with significantly lower cognitive function scores noted in children test-
ing positive in the first 3 weeks of life compared to the scores of those identified
later than this [26].

Other identified risk factors based on studies also done in adults include:

* Host factors- genetic predisposition, low educational status, presence of meta-
bolic disorders, co-infection with hepatitis C virus and IV drug abuse.

e Viral factors- the virus subtypes B, C, D and F more related than subtype A
[27-29].

* Relation of host and virus- an advanced stage of HIV/AIDS, low level of CD4+
counts, presence of chronic immune activation manifesting by increased levels
of cytokines, interleukins and other serum markers. e.g. monocyte chemo-
attractant protein 1 (MCP-1), TNF-alpha, hsCRP, raised level of HIV-DNA load
in circulating macrophages and higher CSF viral load compared to serum viral
load [30, 31].

Clinical Features

HIV-associated progressive encephalopathy (HPE) is a syndrome complex charac-
terized by a triad of cognitive, motor, and behavioral features similar to features of
“AIDS dementia complex (ADC)” seen in adults [32, 33].

HPE affects children in a variable, non-linear course, however three definite pat-
terns are identified [34, 35]:

(i) The rapid progressor group,
(i) The sub-acute (slow) group
(iii) The static neurological group.

Similarly to adult patients, HPE may occur in children in the absence of HIV
opportunistic infections or with malignancies of the central nervous system.
Children may present with developmental regression, behavioral disorders, micro-
cephaly or cerebellar signs.

Pathogenesis
The pathogenesis of HIV related central nervous system (CNS) involvement is not

well understood. It is however postulated that during the early course of the infec-
tion [36], HIV enters the CNS via the CD4 T lymphocytes and monocytes, which
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cross the blood-brain barrier (BBB). The infected monocytes convert into perivas-
cular macrophages in the nervous tissue, as the HIV virus spreads to infect the local
macrophages (microglia). The perivascular macrophages and microglia merge to
form multinucleated giant cells (MGCs). These MGCs serve as HIV reservoirs by
replicating the virus and producing neurotoxic viral molecules: viral (gp-120 and tat
protein) [37]. These neurotoxins activate astrocytes, which in turn release cytokines
and cause BBB breakdown enhancing the movement of more HIV-infected cells
from blood to brain. In addition the astrocytes damage the neurons, resulting in
demyelination and neuronal loss.

Diagnosis

According to the Consensus of Pediatric Neurology/Psychology Working Group,
AIDS Clinical Trial 1996, [38] a definitive diagnosis of HPE requires at least one of
the options below to be present for at least 2 months in the absence of a coexisting
illness other than HIV infection:

1. Failure to achieve or loss of developmental milestones, or a loss of intellectual
ability, verified by normed developmental scales or neuropsychological tests;

2. Poor brain growth, or acquired microcephaly validated by head circumference
measurement, or brain atrophy demonstrated with neuro-imaging with CT or
MRI scans with serial imaging necessary in children less than 2 years of age; and

3. Acquired symmetric motor deficits exhibited as: hyperreflexia and/or pathologic
reflexes, hypertonia, paralysis or gait disturbances.

Unlike typical neurodegenerative syndromes there is a variable degree of revers-
ibility for HPE. Highly Active Antiretroviral Therapy (HAART) has been shown to
retard/or possibly reverse the progress of HIV-associated encephalopathy [39].
However, despite the clinical stability and use of anti-retroviral medications, there is
still ongoing cognitive decline mostly attributable to the HIV infection implying that
HAART may not completely reverse established encephalopathy in all cases [40].

Cerebral Malaria

Malaria is an important parasitic infestation in humans with four species responsi-
ble for producing the illness. i.e. P. vivax, P. ovale, P. malariae and P. falciparum.
Infection with Plasmodium falciparum is responsible for the severe and compli-
cated manifestations and in children presents with a varied spectrum of signs, symp-
toms, and history. This ranges from a life threatening disease to an apparently
asymptomatic infection, from a rapidly progressing, fulminant illness to a chronic
insult. The most severe neurological complication of P. falciparum malaria is cere-
bral malaria and has been associated with case-fatality rates of 10—40 % in hospital-
based studies [41].
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Clinical Features

In children cerebral malaria presents with fever, seizures, coma, and brainstem
signs. The characteristic feature of cerebral malaria is impaired consciousness, with
coma as the most severe manifestation which may be of gradual or sudden onset.
Furthermore seizures, brain oedema, retinal changes (papilledema, haemorrhages,
peripheral and macular whitening) and brainstem signs (irregularities in pupil size
and reaction, abnormal eye movements, abnormalities in posture and respiratory
patterns) may be manifested. Some children develop life-threatening complications
such as severe anaemia, electrolyte imbalance, metabolic acidosis, hyperpyrexia,
hypoglycemia, shock, or encephalopathy [42].

Risk Factors

Among some of the identified risk factors associated with development of Cerebral
Malaria include [43-46]:

* Child factors- such as being of an age above 2 years, higher level of parisiteamia,
having a higher number of siblings (>4), presence of malnutrition, having HIV
type 1 infection, initial treatment in clinics, late presentation/consultation, non-
use of mosquito nets, presence of fresh abdominal scarification and presence of
genetic host factors host genes including Transforming Growth Factor Beta 2
(TGFB2) and Heme oxygenase-1 (HMOX1).

* Socio-economic factors- such as low social economic class of the family, non-
living together of parents, or poor access to health facilities.

» Parental factors- such as young mother, or low level of maternal education.

While an apparent full recovery is observed in more than 85 % of children who
recover from cerebral malaria [41], approximately 25 % have persistent neurologi-
cal sequelae such as seizures, cortical blindness, ataxia or generalized spasticity.
Others survive with concealed effects such as defects in learning, behaviour, or
cognition [42, 47, 48].

Pathogenesis

The pathophysiology for these clinical features results from cerebral malaria caus-
ing a disseminated vasculomyelinopathy. This results in the histopathologic changes
in the brain that include: edema, neuronal degeneration, perivascular infiltrates,
perivascular demyelination, ring hemorrhages, and the microglial-astroglial nod-
ules (Diirck’s granulomas) in the late stages [49, 50]. Furthermore, the high tem-
peratures contribute to degeneration of the neurons in the cortex, cerebellum and
basal ganglia [51].
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Diagnosis

Usually the diagnosis of cerebral malaria is made from a suggestive history, clinical
features and a positive blood smear (on microscopy). In the absence of a positive
blood smear the alternative use of rapid tests such as the immunochromatographic
test for P. falciparum histidine-rich protein 2 and lactate dehydrogenase or
Polymerase chain reaction tests may be used however their sensitivity and specific-
ity plus inability to estimate the parasite load are impediments [52, 53]. Based on
findings from a Malawian postmortem study, the presence of Malarial retinopathy
showed increased specificity in distinguishing patients with features of Cerebral
Malaria from other encephalopathies. Cerebral spinal fluid (CSF) analysis usually
shows mild pleocytosis and an increase in protein. Raised levels of CSF and Blood
levels of lactate may be observed. Neuroimaging typically shows brain oedema [54].

Measles

Measles is an acute viral illness caused by a morbillivirus of the paramyxovirus
family. Measles continues to be an endemic illness in Uganda, despite efforts to
control the outbreaks through mass measles vaccination campaigns. The impact of
these campaigns is usually short-lived, not lasting more than 2 years [55]. Currently
less than half of the children in Uganda receive complete immunization [56]. The
majority of all measles cases (93 %) and of severe cases (97 %) are among children
<15 years of age [57].

Approximately three in every ten cases of measles have one or more complica-
tions. These complications are more common in children under 5 years of age with
higher mortality rates observed in the immunocompromised, the malnourished and
in those with vitamin A deficiency. Among the neurological complications include:
convulsions (0.5 %) and encephalitis (0.1 %).

Clinical Features

Subacute sclerosing panencephalitis (SSPE) is one of the three types of measles
encephalitis (the other two being acute demyelinating encephalomyelitis and mea-
sles inclusion body encephalitis).

SSPE is a neurodegenerative disease resulting from a post infectious neurologic
complication of measles. A persistent infection of the brain caused by an altered
form of the measles virus is implicated in the pathophysiology. The prevalence of
SSPE is dependent on how successful the measles vaccination coverage was, with
the higher incidence in areas having low vaccination rates. The mechanisms under-
lying the viral persistence and the trigger of the viral reactivation remain elusive.
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It is however suspected that as a result of genetic polymorphism, those individuals
who develop SSPE exhibit an altered cellular response to the measles antigen. This
results in premature production of antibodies following measles infection that
impairs the host’s immune cells’ ability to eliminate the virus and, thus, supports a
chronic intracellular infection [58—60].

In most instances following an acute measles infection, the infected children
remain symptom-free for 615 years [61]. The risk is higher in those acquiring
measles before the second birthday [62]; with the risk of SSPE being 16 times
greater when it occurs in children less than 1 year of age than in those over 5 years
of age [63]. The prevalence of SSPE is notably more in males than females with the
onset of symptoms later in the latter group as well [64, 65].

Risk Factors

Among the risk factors associated with SSPE include [66—68]:

» Child factors- such as being of a higher birth order, younger age at measles onset,
having a higher number of siblings or having HIV/AIDS.

* Socio-economic factors- such as living in poverty, congested homes, or in rural
areas.

¢ Parental factors- such as an older mother, mother with HIV/AIDS or low level of
parental education.

The initial symptoms of SSPE usually present 6 years after measles infection.
The affected individuals present with progressive cognitive and intellectual deterio-
ration that may manifest in poor school performance, personality changes, and
behavior abnormalities. A period of continual motor decline ensues and over a
series of months, the psychological symptoms are complicated by neurologic ones
that include: myoclonic jerks, focal weakness, autonomic malfunction, seizures and
rigidity, finally leading to death with akinetic mutism [65, 69, 70].

Pathogenesis

The pathophysiology for these clinical features results from oedema, principally
seen in the early course of this disease. Infected cells show DNA and ribonucleic
acid oxidative damage coupled with lipid peroxidation in areas exhibiting early
demyelination. As the disease progresses there is cortical and subcortical perivascu-
lar infiltration of inflammatory cells, spongiosis, and demyelination in the acute
phase, followed by neuronal loss. In the preliminary stages, the posterior areas of
the brain are the most affected, followed by spread to the anterior regions with lim-
ited involvement of the cerebellum [71].
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(A)

Fig. 11.2 An electroencephalogram showing a “burst-suppression” pattern highly characteristic of
subacute sclerosing panencephalitis (SSPE). An example of runs of periodic bursts of high-amplitude,
slow-wave complexes with a normal background rhythm apart from bifrontal slowing is shown in (A)

Diagnosis

The diagnosis of SSPE is accompanied by a unique set of laboratory abnormalities
that facilitate its diagnosis which include: CSF analysis which shows normal cellu-
lar components, glucose and total protein, but grossly elevated values of gamma
globulins and serum anti-measles antibodies. In almost all cases, the EEG reveals a
“burst suppression” pattern at some point in the course of SSPE as shown in
Fig. 11.2. The bursts of abnormal sharp and slow waves typically arise out of a nor-
mal background EEG activity early in the course of SSPE, but this background
activity deteriorates to diffuse slow waves as the disease progresses [61].

The brain MRI may initially be normal, or may show focal abnormalities in the
subcortical white matter with posterior cortico-subcortico lesions on diffusion
weighted imaging (DWI) [72]. Later, diffuse cerebral atrophy, periventricular
white mater T2 hyper intensities and basal ganglia are classically described [73].
A combination of the clinical features with supportive EEG and radiological
findings should lead one to suspect a diagnosis of SSPE.

Nodding Syndrome

Nodding syndrome (NS) is a puzzling, often progressive, disorder that has been
described in African children [74, 75]. Uganda [74, 76] is one of four African coun-
tries that have reported cases of this condition among its populations, with initial



158 A. Kakooza-Mwesige and D.M. Dhossche

reports coming from Tanzania [77] and subsequently Liberia [78] and South Sudan
[79-81]. The northern region of the country constitutes the major area where these
cases are found with the first cases reported around 1997 and peaking at the height
of the political insurgency that afflicted this region for more than 20 years from
1986 and when people moved into protected Internally Displaced Peoples (IDP)
camps (MOH, report). To date an estimated total of over 10,000 cases have been
identified in children and adolescents from South Sudan, United Republic of
Tanzania and Uganda [82]. The true burden of the syndrome in Uganda is unknown.
It is currently not known if NS is a true neurodegenerative disorder due to lack of
research and knowledge about etiology and mechanism. Anecdotal reports describ-
ing a down ward trend of progressive neurologic deterioration, psychiatric symp-
toms, physical wasting and ultimately death. Deaths from drowning/burning
accidents, opportunistic infections, self-injury, persistent seizure episodes have
been reported by the caregivers [84]. Whereas symptomatic improvement has been
noted to occur in children with NS given nutritional and vitamin supplementation,
antidepressants and/or anticonvulsants [83], no child is known to have completely
recovered from nodding syndrome, and the long-term outcomes of the illness are
still poorly understood [84]. It has been noted that there is parallel relationship
between the nutritional status of patients with NS and the degree of severity of wast-
ing and stunting observed in the children and the length of duration of symptoms,
being most marked in those having symptoms with a longer duration [85].

Clinical Features

From the clinical descriptions of Nodding syndrome in the literature, children ini-
tially get afflicted, between the ages of 3 and 18 years (MOH report), with the 611
years age group being more frequently affected [86]. The children are noted to
develop bouts of repetitive dropping forward of the head, termed “head nods” which
are atonic seizures [74]. The head nodding is often accompanied by other seizure
types such as generalized tonic-clonic, myoclonic, complex partial and absence sei-
zures [74, 85]. Precipitants of these “head nods” include the sight of food, taste of a
hot meal or cold drink [74], presence of cold weather or bathing in cold water [87]
while in others no specific precipitant has been identified [85].

The head nods often precede the other seizure types by 2—4 years and continue
together in some case while in others the head nods cease and the other seizures
types take over.

While documented natural history studies are lacking, over the course of time
following progressive brain damage, the children acquire cognitive, motor, and
behavioral impairments with subsequent malnutrition and growth retardation. Focal
neurological deficits are rare. There is a decline in school performance followed by
eventual school drop-out [74, 85, 87]. Other reports document aggressive behavior,
self-injurious outbursts, depression, visual hallucinations, loss of speech/slurred
speech, upper and lower limb disfigurements with chest and vertebral bone deformi-
ties [84, 85]. A delayed sexual maturity with delayed bone growth has also been
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documented [84]. NS patients also exhibit several catatonic symptoms including:
slowing of movements, immobility alternating with purposeless agitation, mute-
ness, repetitive movements, staring, posturing, grimacing, social withdrawal, nega-
tivism (including active or passive refusal to eat and drink), and urinary incontinence
[83-85]. In a pilot study conducted in one of the Northern districts in Pader to
determine whether NS patients meet clinical criteria for pediatric catatonia and their
response to a catatonia test using lorazepam, the first-line treatment for catatonia,
many of these clinical features were confirmed as well as the safety and possible
benefits of Lorazepam in the treatment of NS required larger and controlled follow-
up studies (Kakooza 2014, in preparation).

Pathogenesis

Regardless of previous investigations, the cause of the syndrome and the pathogen-
esis remain indeterminate. Possible postulations include:

* A degenerative brain disorder complicated with seizures. The origin of the
degeneration could be from poorly treated infections like viral encephalitis, cere-
bral malaria, O. volvulus or traumatic brain injury resulting into repeated sei-
zures with subsequent cognitive decline. The association with O. volvulus
however is considered by some to be false [79, 81, 84, 86]. In addition, the
screening for several viral central nervous system infections using PCR, for a
possible etiological agent have proven futile [88]. Mass treatment of NS with
Ivermectin and anticonvulsants, however did not control NS [84].

* An epidemiological study conducted by the Ugandan Ministry of Health and the
US Centers of Disease Control found most cases and controls had low vitamin
B6 levels [88], nursing the possibility that vitamin B6 deficiency may be con-
tributory to disease pathogenesis. Since vitamin B6 is an important factor in the
synthesis of neurotransmitters, any reduced levels could lead to impaired neuro-
logic function with possible intractable seizures, the so called pyridoxine depen-
dence seizures [89, 90]. Treatment with pyridoxine, however, did not control NS.

* Severe psychological trauma following chronic and repeated war- traumatization
(both direct and indirect) in the children resulting in severe chronic Post-
Traumatic Stress Disorder, coined “Developmental Trauma Disorder” (DTD)
[84, 91] has been suggested. This could be complicated by chronic depression
and anxiety or catatonia [92, 93] and lead to poor appetite or food refusal result-
ing in severe malnutrition [84].

Other etiological considerations have included depression with or without con-
version symptoms, slow virus infection or prion disease, a newly discovered mito-
chondrial disease, neuro- toxic brain injury, chronic inflammatory brain diseases, or
a mutant genetic disorder. Others have entertained that it could be as a result of a
combination of any one of the previously mentioned possibilities. There is need for
future multicenter studies in Uganda and other affected sites to explore possible
causes/risk factors for NS and their role in this enigmatic condition.
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Conclusion

Neurodegenerative disorders, although individually rare, encompass a large hetero-
geneous group of disorders that stem from specific genetic and biochemical defects,
chronic viral infections and varied unknown causes. Comprehensive history taking
followed by detailed physical examination is paramount when evaluating children
with suspected neurodegenerative disorders. A high index of suspicion is necessary
when any combination of the following is present:

* Regression and progressive neurological deterioration

* Changes in personality or behavior

* Symptoms of refusal to feed, lethargy, vomiting, hypotonia, coma, or seizures in
the neonatal or early infancy period.

» Focal neurological deficits, spasticity, and visual symptoms and signs

e Clumsiness or difficulties in gait

* Signs of jaundice, visceromegaly

* Dysmorphic features or coarse facies

» Parental consanguinity

» Positive family history of a similar illness/death

Adequate laboratory facilities to diagnose NDDD’s are scarce and lacking in
Uganda leading to delays in diagnosis, treatment and hence a poor prognosis in
most cases. A multidisciplinary approach involving specialists from varied relevant
disciplines is recommended in the management of neurodegenerative disorders.
Management is geared towards the definitive treatment of the underlying disorder,
the associated features and the complications with the provision of supportive ther-
apy where required. Making the right and timely diagnosis is of critical importance
for providing appropriate therapy, genetic counselling, guiding prognosis and
implementation of preventive strategies. The ongoing studies of new techniques for
imaging the central nervous system, discovery of the human genome and novel ther-
apies for clinical treatment is expected to produce significant advances in the man-
agement of neurodegenerative disorders. It is hoped that our understanding of the
genetics of these complex disorders will be improved, the changes in brain structure
and function associated with them made more explicit and the prevention of the
progression of the disorders in certain pre-symptomatic individuals curtailed.
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Chapter 12
Cognitive Outcome of Malaria and HIV
Infection in Children in Sub-Saharan Africa

Paul Bangirana

Abstract Infections of the Central Nervous System (CNS) are a public health
burden for children in sub-Saharan Africa. In addition to their high mortality, they
are a major cause of both major and subtle cognitive deficits in children. With the
advent of more effective treatments, there is increased survival of these children
meaning that more children who have suffered CNS infections are surviving into
adulthood with consequent short or long term cognitive deficits. This chapter
reviews the current literature on the cognitive deficits resulting from CNS malaria
and HIV infection, the main causes of cognitive deficits in African children among
the infectious diseases. It also looks at the factors associated with these cognitive
deficits and reviews different interventions to prevent or improve outcome.
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Introduction

Infections of the central nervous system are a public health burden for children in
sub-Saharan Africa. In addition to their high mortality, they are a major cause of
both major and subtle cognitive deficits in children. With the advent of more effec-
tive treatments, there is increased survival of these children meaning that more chil-
dren are surviving into adulthood with short or long term cognitive deficits. This
chapter reviews the current literature on the cognitive deficits resulting from malaria
and HIV infection, the main causes of cognitive deficits in African children among
the infectious diseases. It also looks at the factors associated with these cognitive
deficits and reviews different interventions to prevent or improve outcome.
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Cognitive Outcomes of Malaria Infection in Children

During malaria infection, there is obstruction of blood through the capillaries due
to sequestration of parasitized red blood cells, release of pro-inflammatory cyto-
kines that affect the blood brain barrier integrity leading to metabolic derange-
ment, seizures and coma [34]. Other less severe forms of malaria present with
repeated seizures and impaired consciousness which can adversely affect the brain
[16, 31]. In uncomplicated malaria and asymptomatic malaria, parasitemia present
in the body may up-regulate hepcidin which in turn down-regulates iron absorption
[19]. The resulting reduced iron intake and or unavailability is associated with a
number of cognitive and behavioural problems [46]. The full spectrum of malaria
illness from asymptomatic through symptomatic but non-severe malaria, to severe
malaria (malaria with seizures and/or impaired consciousness, cerebral malaria)
poses a potential risk to brain function leading to cognitive deficits. This review of
the literature details the cognitive outcomes of the different forms of malaria and
the risk factors.

Cognitive Outcome After Asymptomatic Malaria

Much emphasis has been placed on the severe forms of malaria due to their high
mortality and resulting sequelae. Due to its role in malaria transmission, asymptom-
atic malaria, until recently has not been considered of much clinical concern, but it
is now gaining important consideration [27]. High rates of asymptomatic malaria
have been observed in African children with rates as high as 80 % in the wet seasons
[27, 43]. Two studies have so far evaluated the effects of asymptomatic malaria on
cognition in children.

In a study to assess the effect of asymptomatic malaria on cognition, Al Serouri
et al. [1] compared 445 Yemeni children with asymptomatic malaria to 142 children
matched for grade and school on tests of verbal fluency, working memory, sustained
attention, psychomotor speed, fine motor coordination and visual recognition [1].
Two weeks later, 150 children still asymptomatic were compared to 150 children
whose parasitemia cleared on the above tests. Regression analysis controlling for
age, socioeconomic status and nutrition found fine motor coordination to be the
only cognitive ability affected by asymptomatic malaria. Parasite density predicted
fine motor coordination scores at baseline and improvement in visual recall after
parasite clearance. No significant change in cognitive scores was noticed 2 weeks
later between those who were still asymptomatic and those whose parasites cleared.
Other factors associated with cognitive test performance were anemia, wealth factor
and age. The authors concluded that parasitemia may affect fine motor skills and
visual recall.

In a Ugandan study, Nankabirwa et al. [50] carried out a study to assess the
association between anemia, asymptomatic malaria and cognition in Ugandan
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school children aged 6-14 years [50]. They assessed sustained attention and
abstract reasoning in 740 children as well as, sociodemographic variables, hel-
minth infection and haemoglobin. About 30 % of the children had asymptomatic
malaria. Multiple regression analyses controlling for sex, age, weight for age Z
score, helminth infection, anemia, socioeconomic status and maternal education
showed an association between asymptomatic malaria and sustained attention
(adjusted mean difference: —1.6, 95 % CI: —2.49 to —0.81) and abstract reasoning
(=0.6, 95 % CI: —1.01 to —0.21). Higher parasitemia was associated with lower
attention scores. Unlike the study by Al Serouri et al. [1], anemia was not associ-
ated with any cognitive outcome in this study. They concluded that effect of
asymptomatic malaria on cognition could be a result of repeated infections or an
immunological pathway.

These studies suggest that asymptomatic malaria affects cognition in children
though it is not clear how this occurs since both studies reported slightly differing
results. In the Yemeni study, being anemic (haemoglobin <90 g/l) was associated
with lower cognitive scores which was not the case in the Ugandan study. Nankabirwa
et al. [50] showed that higher parasitemia affected sustained attention scores while
Al Serouri et al. [1] reported that asymptomatic children who became parasite free
2 weeks later did not show an improvement in cognitive scores, implying that para-
site presence is mostly likely not the main cause for low cognitive scores.

Cognitive Qutcome After Non-severe Malaria

Fernando and colleagues have carried out a series of studies looking at the effect of
uncomplicated malaria on cognitive outcome and school performance in children.
They followed up 571 children aged 1-8 years for 6 years from 1992 and recorded
the number of malaria episodes [26]. Children’s scores in mathematics and lan-
guage in 1997 were associated with the number of malaria episodes. Those who
experienced three or less episodes scored 15 % higher than those with more epi-
sodes. These findings were replicated in a cross sectional study where they assessed
the effect of repeated malaria attacks on measures of writing, reading skills, letter
reading, sentence structure and mathematics in 325 children aged 4-6 years [25].
Children were tested at one time point and number of malaria episodes suffered in
their life time recorded. Total number of malaria attacks was associated with letter
reading and languages scores, where those not experiencing any malaria episode
had scores 19 % higher than those who had five or more episodes for letter reading
and 4.3 % for language. They later investigated the short term impact of an acute
malaria episode on tests of mathematics and language where 199 children with
malaria and 144 children with non malaria fever were tested at presentation to a
health facility and 2 weeks later after treatment of the malaria bout [24]. A control
group of 305 healthy children were also given the same tests. Children with malaria
performed significantly poorer in mathematics and language at both time points
compared to the controls. Those with non malaria fever also had poorer scores at
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baseline but not at follow-up. Contrary to expected results, higher haemoglobin was
associated with poorer scores in mathematics and language.

Recently Thuilliez and colleagues followed up 227 Malian children for 8 months
recording malaria episodes, socioeconomic variables and cognition [55]. Children
who had not experienced any malaria episode had better scores than those who had
malaria in the follow-up period. In addition, higher parasitemia was associated with
lower cognitive scores. The effect of anemia on cognition was however not conclu-
sive. Malaria was also the most common cause of absenteeism from school.

Contrary to all the above findings, Halliday and colleagues did not observe any
effect by either malaria infection or anemia during malarial illness on sustained
attention, literacy, cognition or numeracy in 2,400 Kenyan children [29]. Other non-
health related variables like age, gender, socioeconomic status, parental education
and school environment were associated with cognitive outcomes suggesting health
status (single malaria episode or anemia) may not be predictive of cognition in chil-
dren in moderate malaria transmission areas after non-severe malaria.

Despite these findings from Halliday et al. [29], the preceding studies provide
strong evidence that uncomplicated malaria affects cognition and academic perfor-
mance in children with number of malaria episodes being the best predictor of out-
come. The mechanisms for the effect on cognition are not clearly understood.

Cognitive Outcome After Complicated Malaria
Effect of Malaria with Impaired Consciousness on Cognition

Holding et al. assessed cognitive outcomes in 87 children who had malaria with
impaired consciousness 42—-70 months after the illness [31]. An equal number of
age matched controls also completed the same battery of tests. More children in the
malaria group were cognitively impaired (14 %) compared to 4 % in the control
group with hypoglycaemia and coma score less than 2 independently associated
with cognitive impairment. All children who had a coma score less than 2 were
cognitively impaired. This group with a coma score less than 2 meets the criteria for
cerebral malaria (CM) which makes it difficult to make conclusions about the effect
of malaria with impaired consciousness on cognition. This is because some of those
found to be impaired may have had a clear diagnosis of CM.

Effect of Malaria with Repeated Seizures on Cognition

Convulsions are a common feature in childhood malaria in African children and
are predictive of neurological outcome and mortality [33, 32]. Carter et al. studied
cognitive outcomes in 156 Kenyan children aged 6-9 years with a history of
malaria with multiple seizures (MS) [16]. The median time from admission to
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assessment was 71 months (IQR 55-85 months). An age matched group of 179
children without a history of MS were also enrolled as a control group. Children
were given tests for speech and language, attention, motor skills, non-verbal skills,
memory, hearing and vision and behaviour. Although the two groups did not differ
much on most tests, 23.7 % of those with malaria had impairment in at least one
of the above areas compared to 10.1 % in the controls. No effect was observed on
memory in this study and in a later analysis of everyday memory in this same
group [41].

In a subsequent study to assess speech and language functions after malaria with
multiple seizures, Carter and colleagues administered tests for receptive grammar,
receptive vocabulary, syntax, lexical semantics, higher level language, pragmatics
and phonology and word finding [17]. The MS group had 9 % impaired in at least
one of the areas tested compared to 2 % of the controls. The malaria group were
three times more likely to develop speech and language impairment than the con-
trols (OR=3.12, 95 % C1=0.9-10.8, p=0.07).

These studies are evidence that MS is associated with cognitive, motor, behav-
ioural and speech and language deficits in children. The above studies were car-
ried out over 7 years after the illness in some of the children indicating the
longterm effects of malaria with multiple seizures. The risk factors for these defi-
cits were not identified although children with active epilepsy performed worse
than those without epilepsy [16]. Active epilepsy is a likely consequence of severe
malaria as surviving children tend to progressively have more seizures at 24
months [53].

Effect of Severe Malarial Anemia on Cognition in Children

Severe malarial anemia (SMA) is the commonest form of severe malaria affecting
up to five million children annually [49]. Asymptomatic and uncomplicated
malaria are associated with poor cognitive outcome in children as noted above. In
addition, anemia is also associated with poor cognitive outcome [52]. This implies
that SMA affecting several children in Africa could also be a major cause of cogni-
tive deficits in children. In a recent study among Ugandan children aged 18 months
to 4.9 years, neurocognitive test scores of a group that survived SMA was com-
pared to community controls [6]. Attention, memory and overall cognition were
assessed a week after discharge, and at 6 and 12 months. The SMA group had
poorer scores in cognitive ability than the community controls. Attention scores
were also lower but not significantly. The difference in age adjusted Z scores for
overall cognition between the SMA group and community controls was half a
standard deviation (-0.52) analogous to 8 IQ points. To our knowledge, this is the
first study demonstrating the effects of SMA on cognition. It provides further evi-
dence of malaria’s effect on children’s cognition as shown by the difference of
about 8 I1Q points 12 months after the illness.
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Effect of Cerebral Malaria on Cognition in Children

The effects of CM on cognition have been studied more than any other malaria
form. Cerebral Malaria (CM) is caused by P. Falciparum and is associated with
alterations in consciousness, coma, convulsions and high fever. Retrospective stud-
ies show that neurocognitive deficits are common in children with a history of CM
with coma duration, deep coma, multiple seizures on admission, duration of sei-
zures, malnutrition and hypoglycaemia associated with these deficits [9, 22, 33, 40,
42]. Prospective studies have gone further to describe the progression of these
sequelae in children. John and colleagues assessed memory, learning and attention
at baseline, 3, 6 and 24 months in 44 children with CM compared to 54 with uncom-
plicated malaria [11, 36]. Scores were compared to 89 community controls. At 3
months, 19 % of the CM group were impaired in at least one of the three areas
tested compared to 7 % of the controls (p=0.07). The impairment rate in the CM
group increased at 6 months (21.5 % vs. 5.7 %, p=0.01) and at 24 months (26.3 %
vs. 7.6 %, p=0.006) with attention being the most affected. Children with CM had
a 3.67 fold increased risk of developing cognitive impairment compared to the
controls [36].

This first prospective study of the cognitive sequelae of CM demonstrated that
children with a history of CM have a slower developmental trajectory than their
peers who had no CM. It also collaborates with earlier retrospective studies which
showed long-term deficits after CM [16]. Factors associated with cognitive deficits
at 6 months were coma duration and number of seizures while diminished tendon
reflexes and neurological deficits at 3 months were associated with cognitive impair-
ment at 24 months. Elevated CSF tumour necrosis factor alpha was correlated with
attention and memory scores at 6 months [37].

Malaria retinopathy is now as a distinctive feature of CM that helps improve the
diagnosis of the disease [7]. This is because children diagnosed with CM without
malaria retinopathy have other pre-existing developmental delays and a family
history of epilepsy [7] which may contribute to the cognitive deficits thus over
estimating the cognitive burden of CM. Birbeck and colleagues carried out a pro-
spective study to determine whether retinopathy confirmed CM is a risk factor for
epilepsy and new neuro-disabilities [8]. They recruited 132 children with retinopa-
thy confirmed CM and 264 controls (non comatose sick children) and followed
them up for 544 days. The CM group were at increased risk for epilepsy (OR
undefined, p<0.00001) and new neurodisabilities (OR 37.8, 95 % CI 8.8-161.8;
p<0.0001). Further study of a sample of these children showed the CM group to
have neurodevelopmental delay (OR 2.13, 95 % CI 1.09-4.19; p<0.028) espe-
cially in language [14]. Seizures during admission and high temperature were
associated with epilepsy while platelet count, lactate and coma duration were
associated with neurodevelopmental delay [8, 14].

A recent prospective study in Ugandan children below 5 years old assessed gen-
eral cognition, memory and attention in children with CM a week after discharge
and at 6 and 12 months later [6]. Test scores were compared to a group with SMA
and a community control group. Children with CM had poorer scores in all domains
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than the community control group at 12 months. The difference in age adjusted Z
scores at 12 months between the CM group and the community controls was almost
a full standard deviation (—0.85) analogous to 13 IQ points. Longer coma duration,
deeper coma, number of seizures and neurologic deficits at 6 and 12 months were
associated with lower cognitive outcomes. Presence of retinopathy did not affect the
outcome as CM survivors with and without retinopathy did not differ in test perfor-
mance and retinopathy did not modify the effect of CM on cognition.

These studies provide strong evidence that CM is associated with cognitive
deficits in children which persist for some years after the illness. These deficits
are also associated with clinical and laboratory factors involved in the disease
pathogenesis implying adjuvant treatments targeting these factors may improve
cognitive outcome.

Interventions to Prevent Cognitive Deficits or Improve
Outcome After Malaria Infection

Primary Prevention

Primary prevention interventions will target prevention of malaria infection in order
to remove the risk of these cognitive deficits. Malaria prevention approaches
include; vaccination, vector control (insecticide-treated bed net use, indoor residual
spraying), chemoprevention and chemoprophylaxis [58]. Chemoprevention reduces
the incidence of malaria, parasitemia and anemia both of which are independently
associated with poor cognitive outcome [51]. In Gambia, Jukes et al. assigned 1,190
children under 5 years of age to either chemoprophylaxis or placebo for 4 years dur-
ing the malaria transmission season and followed up 14 years later [39]. No signifi-
cant differences were seen in mental development scores between the treatment
groups. Children who received chemoprevention achieved just over half a grade
higher in school, a significant difference compared to controls. Clarke et al. assigned
6,758 children aged 5-18 years to intermittent preventive treatment (IPT) or a pla-
cebo [18]. At 12 months post intervention, the IPT group had a lower prevalence of
anaemia and had higher attention scores than the placebo group. No trials have
evaluated the effect of the other malaria prevention interventions on cognition.

Secondary Prevention

Secondary prevention of cognitive outcomes in children infected with malaria
involves administration of effective treatments and or using adjunct therapies to
combat disease processes associated with cognitive impairment. In severe malaria,
artesunate is more effective than quinine in reducing mortality and also reducing
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seizures and coma depth, two clinical features associated with poor cognitive
outcome [20]. There was no significant difference in neurological outcome at
28 days between the groups. However trials for adjunct therapies for severe malaria
have not been successful in reducing mortality, coma or seizures [38].

Tertiary Prevention

Children surviving severe malaria are at risk for cognitive impairment with 1 in 4
going on to have long term cognitive impairment [36]. Trials using computerised
cognitive rehabilitation training in African children surviving CM have shown ben-
efits in cognition and behaviour suggesting that interventions carried out after the
disease may be beneficial [3, 5]. In these trials, children were assigned to 16 ses-
sions, each last 45 min delivered over 8 weeks (two sessions per week). Children
completed cognitive exercises training memory, attention, visuomotor and reason-
ing. These studies however did not have an active control group that was also
exposed to computers, had no long term follow-up and it is not known which of the
four categories of cognitive exercises are more effective or whether benefit can be
obtained by training one skill as has been done successfully for ADHD [44]. Despite
these limitations, they do improve cognition in children surviving severe malaria.

Effect of HIV on Cognition in Children

The HIV virus is transported into the brain through the blood brain barrier by
infected monocytes which in turn differentiate into macrophages that reproduce the
virus in the brain. Infected CD4 T lymphocytes may also transport the virus into the
brain [28]. As a result of HIV entry in the brain, activated microglia and macro-
phage release quinolinic acid, tumor necrosis factor, platelet activating factor, and
arachidonic acid metabolites which impair blood brain barrier function resulting in
widespread inflammation in the brain [28, 23].

Cognitive Qutcomes of HIV Infection in Antiretroviral Therapy
(ART) Naive Children

The earliest studies on the effect of HIV on African children’s cognition were carried
out in the pre-ART era. Msellati and colleagues in Rwanda compared neurodevel-
opmental outcome (gross motor, fine motor, social contact and language) of perina-
tally HIV infected children to two control groups; HIV negative children born to
HIV positive mothers (HIV exposed) and HIV negative children born to uninfected
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mothers (HIV unexposed) [48]. Tests were done at 6, 12, 18 and 24 months of age.
The HIV positive children had a higher frequency of abnormal neurodevelopmental
assessments than the control groups at 6 months (16 vs. 3.3, p=0.0001), 12 (31 vs. 7.7,
p=0.0001), 18 (40 vs. 7.9, p=0.0001) and 24 (15 vs. 2.2, p=00001). Gross motor was
the most affected area which had significantly poorer scores at all the three time points.
The HIV exposed and unexposed groups did not differ in any of the neurodevelopmen-
tal areas tested. No risk factors for abnormal neurodevelopmental assessment were
identified though the frequency of an abnormal assessment was much higher in chil-
dren with clinical AIDS (ranging from 22 % to 87.5 % at the four time points).

A study by Boivin et al. in Zaire (now Democratic Republic of Congo) assessed
two groups of children for cognition [10]. In the first sub-study among children
below 2 years, 14 perinatally infected children were compared to 20 exposed and
16 unexposed children on tests of gross motor, fine motor, language and personal-
social skills. Testing was done at 3, 6, 9, 12 and 18 months of age. Repeated
measures analysis of variance showed the HIV group had poorer gross motor, fine
motor and personal-social skills than the other groups. Similar to the previous
study by Msellati and colleagues [48], there were no differences in outcome
between the exposed and unexposed groups. In the second sub-study with children
over 2 years of age, 11 children perinatally infected were compared to 15 exposed
and 15 unexposed children on tests of cognition, language, motor, sequential pro-
cessing, simultaneous processing, nonverbal reasoning and mental processing com-
posite. The HIV infected group had poorer scores in motor, sequential processing,
simultaneous processing, nonverbal reasoning and mental processing composite.
Contrary to the earlier studies above, the exposed group performed poorer on many
of the neurodevelopmental outcomes compared to the unexposed group.

Drotar and colleagues [21] carried out a larger study in Ugandan children using
the same groupings from the above two studies (infected, exposed and unexposed)
[21]. Seventy nine HIV infected children were followed up from birth and com-
pared to 241 exposed and 116 unexposed children on tests of mental development,
motor and information processing. Testing for mental development and motor was
done at 6, 9, 12, 18 and 24 months while information processing was assessed at 6,
9 and 12 months. A test score was categorised as impaired if it was more than two
standard deviations below the mean of the unexposed group. The HIV infected
group had more children with impaired motor scores at all the five time points and
more children with impaired mental development at 6 and 18 months only. There
were no differences in information processing scores between the three groups. No
risk factors for motor and mental development deficits were identified.

In a follow study of the Drotar et al. [21] cohort 6 years later, Bagenda et al.
assessed cognition (Sequential Processing and Simultaneous Processing) and aca-
demic achievement (Reading, Spelling and Arithmetic) in 28 HIV infected, 42
exposed and 37 unexposed children [2]. The HIV exposed group had higher scores
than the HIV infected group in the Sequential Processing measure of Hand
Movements (8.1 vs. 10.4, p=0.02) and in the academic achievement measure of
Reading (62.1 vs. 73.2, p=0.009). There were no other differences in simultaneous
and sequential processing subscales and in reading, writing and arithmetic between
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the groups. The authors concluded that the high mortality in the HIV infected group
may have selected children who had more CNS involvement leaving behind chil-
dren that have average cognition functioning. However other factors that differed
between the groups were not controlled like the anthropometric results. Secondly,
being a school going age, education exposure was not factored in the analyses.
These factors are associated with cognitive functioning in Ugandan children of the
same age range [4].

Ruel and colleagues [54] conducted a study that addressed some of the limita-
tions in the above studies when they assessed cognition in HIV infected Ugandan
children who had high CD4 counts thus ineligible for ART [54]. They examined the
effect of HIV, including clinical stage, on cognition and controlled for other socio-
economic variables that may affect cognition like age, sex, socioeconomic status
and quality of the home environment. HIV infected children had poorer reaction
time, general cognition, working memory, visuospatial processing, reasoning and
motor scores than a control group of HIV negative children. When children in clini-
cal stages 1 and 2 were compared to controls, only visuospatial processing, reason-
ing and motor skills were impaired implying most deficits were in those in stage 3.
Another study found that in this group of HIV infected children, those having sub-
type A had poorer performance in working memory and visuospatial skills than
those with subtype D [13]. The conclusion from this study is that HIV infected
children who are asymptomatic are already CNS comprised with several cognitive
deficits that may affect other functional areas, with subtype A more at risk of these
deficits. ART initiation may therefore be needed earlier and may need to consider
drugs with greater CNS penetration for those with subtype A. The effect of time of
infection (peri- or post-natal) was not assessed in this study.

In an attempt to study the association between time of infection and neurodevel-
opmental outcome, McGrath et al. assessed mental development and psychomotor
development in HIV infected Tanzanian children at 6, 12 and 18 months of age and
compared them to HIV negative children [47]. Children infected with HIV were
categorised as infected within the first 21 days or after 21 days. Children infected
within the first 21 days had lower mental and motor performance than the controls
at all time points while those infected after 21 days also had poorer performance
but not significantly for mental performance at 6 and 18 months. Motor perfor-
mance had higher mean differences than mental performance for all time points in
both HIV groups. Testing HIV positive at birth was associated with a 14.9 times
higher risk of being delayed in mental development while testing positive after
birth was associated with a 3.2 times higher risk than the HIV negative children.
Children already infected at birth are thus more likely to have poorer neurodevel-
opmental outcome than those infected later. The authors concluded that early
infection could interfere with the myelination process affecting projection fibres
and association and commissural connections resulting in global deficits including
motor abnormalities. Later interference with myelination could affect commis-
sural connections and connection with the poles of the cerebral lobes affecting
cognitive functions.



12 Cognitive Outcome of Malaria and HIV... 175

Further insight into the pathogenesis of these cognitive deficits in asymptomatic
HIV infected children is from imaging studies. Hoare et al. assessed neuropsycho-
logical performance and diffusion tensor images in 12 highly active antiretroviral
therapy (HAART) naive HIV infected children. Similar assessments were done in
12 controls matched for age, gender and race. HIV infected children had poorer
neuropsychological test performance in general intelligence, motor functioning,
processing speed, visuospatial processing, memory and executive function. In the
HIV groups, there was decreased fractional anisotropy and increased radial diffu-
sivity in the corpus callosum, increased radial diffusivity and mean diffusivity in the
superior longitudinal fasciculus. These imagining findings are indicative of white
matter damage and myelin loss in the corpus callosum and superior longitudinal
fasciculus [30]. Poor test performance correlated with imaging abnormalities in the
corpus callosum and superior longitudinal fasciculus. This study shows that damage
to the white matter and demyelination are important factors in the pathogenesis of
cognitive deficits in HIV infected children.

Cognitive Outcomes of HIV Infection in HAART
Exposed Children

There are clear benefits of HAART treatment on cognitive functioning in African
children. Van Rie et al. [56] assessed cognition in 35 HIV infected Congolese chil-
dren and compared them to 35 exposed and 90 unexposed children [56]. The HIV
infected group had more mental and motor developmental delays than the unex-
posed group (60 % vs 24 %, p<0.0001 and 29 % vs 0 %, p<0.0001 respectively).
The exposed group also had more children with mental and developmental delays
than the unexposed group (40 % vs 24 %, p<0.09 and 14.3 % vs 0 %, p<0.0005
respectively). Compared to the unexposed group, there were more language com-
prehension and language expression delays in the HIV infected (77 % vs 13 %,
p<0.0001 and 85 % vs 13 %, p<0.0001 respectively) and exposed groups (11 % vs
13 %, p<0.99 and 47 % vs 13 %, p<0.018 respectively). Contrary to previous stud-
ies using the same measures (Bayley Scales of Infant Development), children in this
study had motor development less affected than mental development.

When these children were initiated into HIV care (including HAART) and given
cognitive testing at 6 and 12 months later, improvement in mental and motor devel-
opment were observed [57]. Children who presented early for care (at clinical stage
1 or 2) had better motor scores at all time points than those who presented late.
Young children (<29 months) and not older children (>29 months) had an acceler-
ated gain in motor and cognitive scores over the 12 months. This study suggests that
HIV care and treatment may improve cognitive development in children especially
once initiated early. This study shows the importance of early initiation of HAART
given the results in McGrath et al. [30] where children who were infected earlier
had poorer cognitive outcomes than those detected much later [47].
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Laughton and colleagues assessed the benefits of early versus deferred HAART
on cognitive outcome in children [45]. Children were randomly assigned to early
HAART (n=64, given within 3 months) or deferred HAART (n=26, given when
there was clinical or immunological progression to AIDS) and assessed for loco-
motor, personal-social skills, hearing & language, eye & hand coordination, and
performance (fine motor and visuospatial skills) using the Griffiths Mental
Development Scales. Two control groups of HIV exposed and unexposed children
were also assessed. Children in the early treatment group had better Locomotor
scores than the deferred group. The early treatment group also had similar scores to
the uninfected control groups for all scores except locomotor where the exposed
arm had better scores. The effect of early HAART on cognition compared to the
deferred group as well as the comparative performance of the early HAART group
to the control groups highlights the importance of early therapy on CNS integrity in
HIV infected children.

Interventions to Prevent Cognitive Deficits due to HIV Infection
Primary Prevention

Prevention (or elimination) of mother to child transmission of HIV is one interven-
tion preventing the spread of HIV to children born to HIV infected mothers.
However no trials have been conducted to assess cognitive outcomes in children
whose mothers received PMTCT and those who did not. Studies comparing cogni-
tive outcome in HIV infected children and HIV negative exposed children (born to
HIV infected mothers) do provide evidence that PMTCT could prevent cognitive
deficits resulting from HIV infection in young children. Van Rie et al. [56] observed
more mental and motor development delays in HIV infected children compared to
the exposed children [56]. However earlier studies did not see any differences
between the exposed and the HIV infected groups [10, 48]. In one sub-study by
Boivin et al. the exposed group had poorer cognitive outcomes than the HIV nega-
tive unexposed children [10]. This latter finding suggests that environmental vari-
ables like caregiver characteristics may also play a role in determining cognitive
functioning in children necessitating interventions targeting them.

Secondary Prevention

For children infected with HIV, early initiation of treatment may delay the progres-
sion to severe disease leading to better cognitive outcomes. Studies by Van Rie et al.
[57] and Laughton et al. [45] show that children who present to care in the early
stages of the disease and those who receive HAART within 3 months have better
cognitive outcomes than those who present for treatment later or receive treatment
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after 3 months [57, 45]. However HAART alone may not improve cognitive outcome
as Jeremy et al. [35] noted necessitating additional interventions [35].

Tertiary Prevention

Like for children surviving severe malaria, computerised cognitive rehabilitation
training (CCRT) has also improved cognitive outcome in children infected with
HIV. Boivin and colleagues randomized children to either cognitive training or a
non intervention arm [12]. Ten sessions of 45 min each were completed in 5 weeks
for the intervention arm training memory, attention, visuomotor and reasoning. The
intervention group had better outcomes on learning and attention compared to the
control group. In recognition of the effect of the care giving environment on cogni-
tive outcome, Boivin and colleagues piloted an intervention aimed at improving the
child-caregiver relationship and assessed the cognitive benefits in HIV infected
children [15]. The intervention involved a 12 month structured caregiver training
that emphasised nurturing children through interacting with the environment in
ways that enhance their cognitive development. Children were randomised to either
the caregiver training intervention or to a health and nutrition training. Children in
the intervention had better visual reception and memory, their mothers were less
depressed and they had better interaction with their mothers at the end of the inter-
vention compared to the control group. This caregiver intervention shows promise
in improving cognition in children with HIV since it is implemented in the com-
munity and does not require specialised equipment like CCRT. A trial is underway
in Uganda to look at the long term benefits of this intervention and whether the
caregiver training improves cognition in other children in the household.

Conclusion

Malaria infection, from asymptomatic to severe disease is associated with cognitive
deficits whose severity increases along the disease spectrum. Clinical features of the
disease are associated with cognitive outcome and these should be the focus of
adjunct therapies to prevent poor cognition. Unfortunately, trials for adjunct thera-
pies have not been successful while the long benefit of cognitive training interven-
tions in severe malaria survivors is not known. Chemoprevention trials are the best
solution at present as they reduce disease burden and also result in better cognitive
outcomes in children.

HIV infection is associated with cognitive deficits in African children with motor
difficulties being commonly reported. These deficits are associated with white mat-
ter loss, demyelination and having subtype A. The effects on cognition may also be
an indirect effect through deficient caregiving from the infected mother as seen in
poorer test scores in the exposed but negative children. Early initiation of treatment,
cognitive training and improving the caregiver-children interaction may improve
cognitive outcome.
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Chapter 13
Acquired Brain Injury in Children
in Sub-Saharan Africa

Richard Idro

Abstract The World Health Organization estimates that the proportionate share of the
total global burden of disease resulting from neurologic and psychiatric disorders will
rise to 14.7 % by 2020. Although these disorders comprise only 1.4 % of all deaths, they
account for a remarkable 28 % of all years of life lived with a disability. In Africa, brain
injury acquired during childhood underlies the majority of the neurologic disorders.
There are however very few comprehensive studies of these on the continent. Available
studies are mostly of specific etiologies and often conducted in localized areas. This
chapter provides an overview of traumatic and acquired non-traumatic brain injury in
children in sub-Saharan Africa. It highlights the burden, causes, manifestations and
management challenges and provides some perspectives for the future. The chapter will
deal with only acquired brain injury in children after birth in sub-Saharan Africa. Genetic
disorders and disorders due to early adverse foetal exposures are not included here.

Keywords Mental, neurological and substance abuse disorders ¢ Traumatic and
non traumatic acquired brain injury ¢ Either children or childhood * Burden of disease
* Sub Saharan Africa

Traumatic Brain Injury

Traumatic brain injury (TBI) is a major factor in the high burden of the acquired neu-
rologic and psychiatric disorders worldwide [1]. The incidence is rising mainly due to
injuries arising from the increased use of motor vehicles, especially in low and middle-
income countries. The incidence in Europe is 235 per 100,000 per year [2]. Although
reliable data is scarce, the burden in sub-Saharan Africa is thought to be much higher.
In Johannesburg, South Africa, for example, the incidence was estimated at 316 per
100,000 per year [3]. In Nigeria in a 5 year prospective study of paediatric head trauma,
one centre in Nigeria that treated 13 % of cases in its catchment area documented
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127 cases (65 male and 62 female) [4]. The median age was 7 years (range 3 months
to 17 years) with peak incidence in the age group 68 years. Motor vehicle injuries
were the major cause (67.7 %), followed by falls (14 %) and then violence (7 %). The
most frequent computed tomography scan finding was an intra cerebral hemorrhage.
The median duration of hospitalization was 11 days. Eleven patients (8.7 %) died and
mortality increased with worsening severity of brain injury and the presence of intra-
cerebral hematoma [4]. A similar study over the same duration in South Africa also
documented a peak incidence at 6 years. The major mechanism of injury was pedes-
trian road traffic accidents. In the South African centre however, more males than
females were affected and most injuries occurred over the weekends [5].

Severe TBI in Africa is however not only a concern for urban centres but also rural
areas. The etiology in the two areas may be different. In a study that compared 248
admissions with head injury to one rural hospital in Tanzania and 432 patients at an
urban centre in the same country, the prevalence of TBI was significantly higher in the
rural area compared to the urban area (34.2 % vs. 21.9 %). TBI due to violence was
more frequent in the rural area whereas road traffic accidents were more frequent at the
urban centre. Injuries in rural areas were also more severe: the number of patients with
a normal brain CT imaging was significantly higher in the urban area compared to the
rural area (53.0 % vs. 35.9 %). Bone fractures (35.9 % vs. 15.7 %) and pneumocepha-
lus (6.9 % vs. 0.9 %) were also documented more frequently in the rural centre [6]. The
differences in etiology, burden and severity of TBI between urban and rural areas of
Africa demonstrate that patients with severe TBI are not a primarily urban concern but
that both rural and urban centres should develop capacity to offer care for acute TBIL.

In countries such as Uganda, there is an epidemic of motorcycle related injuries.
These vehicles, mostly motor cycle taxis also called boda boda, are a cheap and
ubiquitous form of transport in both urban and rural areas of the country and are
often ridden by ill-trained young men who rarely use helmets. Their passengers
often don’t also wear helmets. Here, boda boda injuries are so common that in one
referral hospital, up to 70 % of the trauma surgery resource was spent on them.
A police report in the Daily Monitor, a local daily newspaper, of January 14 2012,
stated that up to 40 % of serious road accidents and crashes involving boda boda
cyclists were fatal. An organised transport system and implementation of strict
safety procedures is imperative if this epidemic is to be managed.

In terms of acute care provision, neurosurgical interventions and brain imaging
capacity is available in only a few urban centres and therefore most patients receive
less than optimum care. As management capacity improves, the care of patients
with TBI should be included in the training curricula for all health personnel irre-
spective of whether their workplace is primarily urban or rural [6].

Non-traumatic Brain Injury

One of the earliest descriptions of childhood neurologic disorders in Africa was
a study of 138 Ugandan children attending an outpatient clinic in early 1970s [7].
In this study, Egdell and Stanfield observed that the majority of patients had a
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postnatal onset of symptoms often following a catastrophic febrile illness. A significant
proportion also had neonatal symptom onset with history of an abnormal birth, a
history of abnormal neurology dating from birth or both. The authors concluded that
in this region, primary prevention of early childhood brain injury and neurologic
disease should focus on early diagnosis and treatment of cerebral malaria, bacterial
meningitis and viral encephalitis and on improved obstetric care. Similar findings
remain to date [8].

Neonatal Brain Injury

In low and middle income countries, birth is the time of highest risk for brain injury
and death [9]. The 2.9 million annual neonatal deaths worldwide have been attrib-
uted to three main causes: intrapartum conditions including neonatal encephalothy
(hypoxic ischemic encephalopathy and bilirubin encephalopathy, 0.7 million),
severe neonatal infections including neonatal meningitis (0.6 million) and compli-
cations of preterm delivery such as hypoglycemia, hypothermia, intraventricular
hemorrhage (1.0 million). The contribution of metabolic causes is undetermined
mostly because of limited data. Boys have a higher biological risk of neonatal death,
but girls often have a higher social risk.

Low birth weight due to prematurity, small-for-gestational-age (SGA), or both, is
the biggest risk factor [9]. Although South Asia has the highest rates of SGA, sub-
Saharan Africa has the highest rates for preterm birth. Term SGA babies have an
increased risk of stunting and adult-onset metabolic conditions. Preterm births, espe-
cially those younger than 32 weeks’ gestation, are at the highest risk of neonatal death,
post-neonatal mortality, and long-term neuro-developmental impairments (Fig. 13.1).

Neonatal sepsis causes over 25 % of all neonatal deaths in the continent [10].
This number is probably an underestimate as reliable data is limited. Mortality is
over 30 % in babies with invasive bacterial disease. In one centre in Kenya, a wide
range of bacteria were isolated in out-of-hospital born babies including Klebsiella
spp., Staphylococcus aureus, Streptococcus pneumoniae, Group B Streptococcus,
Acinetobacter spp., Escherichia coli, and Group A Streptococcus [11]. In this region
of Kenya, 9 % of neonates admitted to hospital had seizures with the incidence of
neonatal seizures being 39.5 [95 % CI 26.4-56.7] per 1000 live-births. The main
diagnoses in neonates with seizures was sepsis (60 %), neonatal encephalopathy
(21 %) and meningitis (15 %) [12].

Several large community-based epidemiologic and hospital studies confirm
neonatal birth injury as a leading cause of long term disability in Africa. In Kenya,
in a survey of 10,218 children, the prevalence of moderate and severe impairment
was 61 per 1,000 [95 % CI 48—74]. The most common domains affected were epi-
lepsy (41/1,000), cognition (31/1,000), and hearing (14/1,000). Neonatal insults
were the single most important risk factor for impairment [8]. Again, in the largest
study of epilepsy in sub-Saharan Africa that surveyed over 500,000 individuals in
Ghana, South Africa, Tanzania, Kenya and Uganda, again the most important risk
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Fig. 13.1 Short-term outcomes of low-birth-weight (LBW) neonates in Kilifi District Hospital,
Kenya, 2003-2004

factors were difficulties at birth or an abnormal antenatal period [13]. The conclusion
from these studies is that programs to improve antenatal and perinatal care could
substantially reduce the prevalence of epilepsy in the region.

In recent days, there have been heightened interventions by governments, inter-
national and local non-governmental organizations to improve neonatal outcomes in
the region. Major programs in sub-Saharan Africa have included simple interven-
tions to prevent intrapartum complications (e.g. prevention and management of pre-
eclampsia), detect and manage intrapartum problems (e.g. monitoring progress of
labor with access to emergency obstetric care), and the identification and assisted
breathing for the non-breathing newborn babies [14]. Other interventions include
community-based strategies to increase skilled birth attendance, the use of the par-
tograph by frontline health workers linked to emergency obstetric care, task shifting
to increase access to Cesarean delivery and the “helping babies breathe” program.
The “helping babies breathe program” — a train the trainers course for the provision
of neonatal resuscitation in resource poor settings — is one of the leading interven-
tions [15]. Evaluation of the program in Rwanda, Ethiopia and Tanzania suggest
that this program together with the other interventions have potential to significantly
improve both short and long term neonatal outcomes in the region [16-18].

Brain Injury in Childhood

Central nervous system infections in childhood are the other leading cause of brain
injury and neuro-disability on the continent [19]. The most important of these are cere-
bral malaria, bacterial meningitis, and viral meningitis or meningo-encephalitis [20].
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Table 13.1 Acute infectious encephalopathies in children in one of four general pediatric wards
in Mulago hospital, Kampala, Uganda, 2006—2008

Overall number Median (IQR) Inpatient

Acute infectious encephalopathy of patients age (months) mortality (%)
Cerebral malaria 87 36 (18-69) 12

Acute bacterial meningitis 81 8 (3-29) 18
Encephalopathy of undetermined 13 48 (27-96) 30

aetiology, probably viral encephalitis

Total 181 24 (7-69) 16

Table 13.1 shows the distribution of these encephalopathies in a general paediatric
ward of Mulago, the teaching hospital for Makerere University College of Health
Sciences in Uganda (reference).

All three are associated with high mortality and a significant proportion of survi-
vors have neurological and cognitive sequelae [21, 22]. Other central nervous sys-
tems infections include tuberculous meningitis, multiple parasitic infections,
primary HIV disease and HIV associated opportunistic infections and stroke espe-
cially from sickle cell anaemia. Increasingly, drug and substance abuse disorders are
also becoming a problem especially in teenagers in who, the risk of injury is further
compounded by reckless exposure to potentially traumatic events.

Bacterial Meningitis

The peak incidence of bacterial meningitis in sub-Saharan Africa is in the first year
of life and the leading etiologies include Haemophilus influenza type b, pneumo-
coccus, non-typhi salmonella (more prevalent in HIV infected individuals) and
other gram negative bacteria and epidemics of type C meningococcal meningitis.

Despite a reported decline in numbers especially since the introduction of the
conjugate Haemophilus influenzae type b vaccine [23, 24], one third of children
with bacterial meningitis still die and over 25 % are left with severe sequelae [21,
25-27]. The main pathophysiological mechanism is meningeal inflammation.
Bacterial cell wall antigens activate an acute inflammatory process in the sub-
arachnoid space producing oxidant stress and inflammatory injury to neurons [28—
30]. Infection may extend into the labyrinth and cause sensori-neural deafness [31]
or along penetrating vessels causing a vasculitis. Involvement of the vascular intima
may obliterate vessels and cause necrosis of brain tissue. Infarcts may be limited to
one vessel or involve large cortical areas resulting into hemiparesis or quadriparesis
and subsequently, epilepsy and learning disability [32-35]. Acute hydrocephalus
and brain swelling worsen intracranial hypertension, which reduces cerebral perfu-
sion further leading to ischemic injury [35, 36].

There are several patient management challenges that affect the treatment of
bacterial meningitis in Africa. These include misdiagnosis (in many malaria endemic
areas, the default position for many clinicians is to treat a febrile illness in a child
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with an anti malarial), delayed presentation and therefore late initiation of specific
antibiotic therapy and a growing problem of multiple drug resistance with indis-
criminate antibiotic use. Thus, although intravenous ceftriaxone, 100 mg/kg/day is
first line therapy in many centres, there are reports of drug resistance and treatment
failures yet, alternative treatments are few. Furthermore, adjuvant therapy with ste-
roids which has been shown to improve outcome elsewhere has not shown similar
benefits in Africa probably because of the high burden of HIV/AIDS or exposure to
antibiotics prior to presentation [37]. Upon recovery, follow up care and rehabilita-
tion is almost non-existent in most centres. Thus, the long-term outcome of bacterial
meningitis in the region remains poor.

Cerebral Malaria

Malaria is a major cause of ill health, neurodisability and death in tropical countries.
Most transmission occurs in sub-Saharan Africa and in South East Asia. In 2010,
the World Health Organization estimated that there were 216 million clinical cases
of malaria and 655,000 deaths. Most of the deaths occurred in Africa among chil-
dren younger than 5 years. Here, the incidence of disease is lower and less severe in
the older children and adults most probably, as a result of the building immunity
[38]. Recent reports suggest that the incidence of malaria is on the decline in many
endemic countries [39, 40].

The manifestations of P. falciparum range from asymptomatic parasitemia to
severe and fatal disease. The majority of clinical infections are mild or uncompli-
cated. Patients have fever, headache, chills, and body aches. Approximately 1 % of
patients with uncomplicated clinical infection go on to develop severe complica-
tions of disease and present with severe malaria. Severe malaria is defined by clini-
cal or laboratory evidence of vital organ dysfunction, usually in association with
asexual parasitemia. Severe malaria may manifest with prostration, repeated sei-
zures, shock, jaundice, abnormal bleeding, prostration, impaired consciousness or
coma, severe anemia, hypoglycemia, metabolic acidosis, acute kidney injury, or
multiple organ failure and is associated with greater than 5 % mortality. Among
African children, the syndromes of severe malaria anemia, malaria with respiratory
distress and malaria with impaired consciousness or coma (cerebral malaria)
encompass the majority of presentations and most severe disease.

Cerebral malaria is a diffuse encephalopathy characterized by parasite sequestra-
tion in post capillary venules as a consequence of adherence of infected erythro-
cytes to the endothelial cell lining [41]. Diagnosis is made in a patient with
peripheral malaria parasitemia, unrousable coma and no other cause to explain the
coma [41]. Brain injury probably results from hypoxic or inflammatory injury ini-
tially affecting the cerebral micro-vascular endothelium [42]. The sequestered mass
reduces blood flow and alters blood-brain barrier function but without significant leak-
age of plasma proteins into perivascular spaces [43]. Changes in blood brain barrier
function may be a result of minute disruptions in endothelial junctions [43, 44].
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Blood brain barrier dysfunction may contribute to intracranial hypertension [45, 46].
However, increased cerebral blood volume following sequestration and increased
blood flow in seizures, hyperthermia and anemia may better explain the increased
intracranial pressure [47, 48]. A critical reduction in metabolite supply may occur
but significant neural necrosis is unlikely since with anti malaria treatment, coma is
reversible. However, during periods of increased metabolic demand (e.g. during
seizures), the risk of neural injury is high and is worse in patients with hypoglyce-
mia [49] or when blood flow is further compromised by intracranial hypertension
[46]. Many with severe intracranial hypertension die or survive with sequelae [50].
Thus, sequelae have been associated with prolonged and repeated seizures, deep
and prolonged coma, intracranial hypertension and hypoglycemia [51].

In cerebral malaria, 15-20 % die and 25 % have persistent neurologic, cognitive
and behavioral impairments or epilepsy [41, 52, 53]. These impairments affect the
child’s development and quality of life, placing an economic and social burden on
families that often have limited resources. Supportive therapy may improve out-
come, but trials of adjunct therapies have been disappointing.

Viral Encephalitis

Viral infections of the central nervous system are an important cause of hospitaliza-
tion and death in children in sub-Saharan Africa. Etiology is diverse. In a study of
513 Malawian children with suspected central nervous system viral infections from
2002 to 2004, at least one virus was detected in 133 children (26 %) of whom, 43
(33 %) died. Twelve different viruses were detected. Adenovirus was the most com-
mon infection, affecting 42 children. Mumps, human herpes virus 6, cytomegalovi-
rus, herpes simplex virus 1 and enterovirus were also important. These infections
were as important even among children whose coma was attributably solely to cere-
bral malaria [54]. Forty five (9 %) of the 513 children had both plasmodium falci-
parum parasitemia and viral infection, including 27 (35 %) of 78 diagnosed
clinically with cerebral malaria. Children with dual infection were more likely to
have seizures than those with malaria parasitemia alone, viral infection only, or
neither. Seventeen children (38 %) of the 45 children with dual infection died, com-
pared with 26/88 (30 %) with viral infection only, 17/118 (14 %) of parasitemia
only, and 34/262 (13 %) with neither. This and a second study in Kenya [55] sug-
gested that interaction between viral central nervous system infections and malaria
parasitemia could increase disease severity.

Rabies is an important problem in urban centres. The clinical manifestations may
be unusual and diagnosis may be made at post-mortem. In the Malawi series, 3/26
(11.5 %) of 26 fatal cases were mistakenly originally attributed to be cerebral
malaria [56].

Brain injury in viral encephalitis is caused by either direct (primary) or indirect
(post-infectious) involvement of brain tissue. In primary disease, viruses replicate in
neurons, glia or macrophages, both in white and grey mater. In herpes encephalitis,
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there is necrosis of brain tissue with hemorrhage and softening and in severe cases,
extensive loss of neurons. Mortality is high and among surviving patients, long-
term moderate to severe sequelae develop in up to 35 %. These include hemi-paresis,
epilepsy, aphasia and behavioral problems [57-59].

Of the three encephalopathies, the diagnosis and management of viral encepha-
litis is least developed in Africa. Laboratory capacity (e.g. for PCR diagnosis) is
poor and very few centers have the diagnostic capacity to offer appropriate manage-
ment. Thus, the provision of specific treatment even for etiologies for which specific
drug therapies are available, such as herpes simplex encephalitis, still has a long
way to go.

HIV/AIDS

In 2012, the World Health Organization estimated that over 90 % of the approxi-
mately 3.4 million children with human immunodeficiency virus worldwide were in
sub-Saharan Africa. Most paediatric HIV disease is vertically acquired through
mother-to-child transmission and many patients are not on antiretroviral therapy
(ART) [60]. The neurological complications of HIV-1 can be divided into those due
to direct HIV-1 infection of the brain (primary disorders such as HIV encephalopa-
thy) or due to indirect complications (opportunistic infections and malignancies). In
addition, children infected with HIV are also at risk of other CNS disorders unre-
lated to the underlying infection.

HIV encephalopathy is the hallmark of untreated primary HIV infection of the
brain. It presents with a triad of acquired microcephaly, neurodevelopmental delay
and progressive motor dysfunction that are not attributable to other biological and
environmental risk factors. This is a clinical consequence of early HIV invasion of
the developing fetal and infant brain and characteristically presents in infancy and in
toddlers. The commonest neurologic findings are a global developmental delay or
regression together with pyramidal tract signs and seizures. The presentation differs
according to age and mode of HIV-1 infection. Infants and younger children mani-
fest the most severe and global dysfunction, a smaller head circumference, and lower
birth weight, while older children have more specific signs. In one series, the mean
head circumference was below the third percentile in 40 % of HIV-infected com-
pared with 22 % of uninfected children [61]. The encephalopathy can be progressive
with loss of acquired skills or stagnation/plateau in attaining developmental mile-
stones or static in which case the children acquires new skills and abilities more
slowly than normal. Their standardised test scores are below average, but stable.
HIV infected children may also develop other mental and cognitive deficits evident
at different ages [62]. Behavioral problems are more common in preschool and
school aged children while focal seizures are more common in older children and
pre-adolescents. Rapid progression of the disease carries a grave prognosis [63].

Other manifestations of HIV nervous system disease include stroke, myelopathies,
peripheral neuropathy, myopathy, epilepsy, CNS lymphomas and neuropsychiatric
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difficulties including Attention Deficit Hyperactivity Disorders, ADHD. Stroke is
the most common cause of focal neurological deficits. This may be a direct result of
HIV infection, may be secondary to opportunistic infections or HIV arteriopathy.
Adolescents with long standing disease may also develop accelerated atheroscle-
rotic cerebrovascular disease. Thus, management of stroke in these children should
include low-dose aspirin administration [64]. Epilepsy may be a direct consequence
of HIV infection or may be an acquired pathology. Because of its limited drug to
drug interactions with most antiretroviral medications, sodium valproate is sug-
gested as the first line anti-epileptic drug. The second line drug is lamotrigine.
Structural cord lesions must be excluded in children presenting with paraparesis.
Peripheral neuropathy and myopathies are often compounded by antiretroviral ther-
apy. Other manifestations of central nervous system involvement and brain injury in
HIV/AIDS include progressive multifocal leukoencephalopathy (PML) [65].

Brain imaging in HIV encephalopathy shows cortical cerebral atrophy with dila-
tation of the lateral ventricles and calcification of the basal ganglia and, peri-
ventricular involvement of the white matter [63]. These changes may predate
neurological deterioration. Patients may show clinical, cognitive and functional
improvement or plateauing of symptoms with initiation of highly active antiretrovi-
ral therapy (HAART), although abnormal neurological signs and gross motor diffi-
culties persist [66]. The non-nucleoside reverse transcriptase inhibitors such as
nevirapine have the best potential for treatment of CNS disease because of CNS
penetration [67]. Differences in the effects on cognitive function in different settings
may be a result of infection by different HIV clades [68]. Micronutrient deficiencies
may worsen outcomes [69]. The long term preventive strategy should be interven-
tions to prevent HIV/AIDS.

Tuberculous Meningitis

In 2007, the World Health Organization estimated that there were 9.27 million new
clinical cases of mycobacterium tuberculosis (139/100,000) and 13.7 million preva-
lent cases (206/100,000). Most patients have pulmonary tuberculosis (TB). Central
nervous system involvement, one of the most devastating clinical manifestations of
TB, accounts for 5-10 % of extrapulmonary cases, and for 1 % of all TB cases. The
HIV/AIDS epidemic has ballooned the problem. Today, 1.4 million new cases of
TB occur in HIV infected individuals annually [70] and TB also accounts for 23 %
of AIDS related deaths.

Tuberculous meningitis (TBM) is the most severe complication of Mycobacterium
tuberculosis infection. The peak incidence is in childhood where it is associated
with very high morbidity and mortality. Most patients report non-specific symptoms
(including malaise, anorexia, fatigue, fever, myalgias, and headache), that last 2—8
weeks prior to the development of signs of meningitis. Due to the non-specific
nature of the early symptoms, in many hospitals, a diagnosis of TBM is considered
after considerable neurological damage has already occurred.
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Childhood TBM usually develops within 3 months of primary TB infection [71].
A family history of TB is common. Most patients present with fever. Neurological
features range from lethargy, stiff neck, seizures, agitation or coma. Cranial nerve
palsies are common and may be the presenting manifestation. Fundoscopy may show
papilloedema and choroid tubercles especially in patients in who TBM is associated
with miliary tuberculosis [72]. Clinically, the degree of neurological involvement and
extent of brain injury correlates with stages of the contemporary modification [73] of
the Medical Research Council Staging of TBM. These stages are:

I. Alert and oriented without focal neurological deficits
II. Glasgow coma Score of 4—11 or 15 with focal neurological deficits
III. Glasgow coma score of 10 or less, with or without focal neurological deficits

Cerebrovascular complications typically involve regions supplied by the middle
cerebral artery and its perforating branches. These lesions may be a consequence of
local inflammatory exudates which may also trap the cranial nerves. Infiltrative,
proliferative and necrotising vessel pathologies may lead to luminal thrombosis and
single or multiple infarcts. The brain CT scan can help diagnose TBM, and is useful
in decisions regarding surgical interventions for hydrocephalus. Choroid plexus
enhancement with ventricular enlargement on imaging is highly suggestive of
TBM. The MRI shows diffuse, thick, meningeal enhancement. Cerebral infarcts can
be seen in nearly 30 % of cases [74].

The first-line treatment regiment for TBM is a combination of daily Isoniazid,
Rifampicin, Pyrazinamide and Ethambutol. The most important determinant of out-
come is the stage at which treatment is started. Other determinants include age,
malnutrition, hydrocephalus and focal neurological deficits. Mortality and morbid-
ity is low in stage I disease but in stage III almost 50 % of patients die. Survivors
manifest a variety of neurological sequelae [75].

Other forms of central nervous system involvement include intracranial TB such
as TB encephalopathy, vasculopathy, tuberculoma and brain abscess or spinal forms
such as Pott’s disease, non-osseous spinal tuberculoma and spinal meningitis.

Nodding Syndrome

Nodding syndrome is a poorly understood but devastating chronic brain disorder
affecting thousands of individuals in the eastern African countries of South Sudan,
Uganda and Tanzania [76]. There are reports of possible cases in west (Liberia) and
central Africa (Burundi and the Democratic Republic of Congo). In Tanzania, nod-
ding syndrome has affected a relatively smaller number of individuals. The picture
in South Sudan and northern Uganda is that of an epidemic. The World Health
Organization recently classified nodding syndrome under the neglected tropical dis-
eases [80]. Clinical studies suggest that it may be an epileptic encephalopathy and
probably symptomatic generalised epilepsy disorder [76—79]. The syndrome affects
previously normally developing children. Symptoms develop between the ages of
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3—15 years [78, 80]. Head nodding, the pathognomonic feature is an atonic seizure
[78]. Over the years, this is complicated by frequent tonic clonic, myoclonic and
atypical absence seizures, declining cognitive and motor function, psychiatric dis-
orders, wasting, growth failure and physical deformities leading to severe disability
and in some cases death. These complications develop through five clinical stages
of a prodrome, head-nodding, multiple seizures and severe disability. These time
intervals may potentially provide windows for intervention to arrest progression.

The background electroencephalogram (EEG) is characterised by generalised
slow wave activity and multiple inter-ictal epileptiform discharges. Ictal EEG activ-
ity consists of mostly generalised spike and spike and wave discharges. Brain imag-
ing shows generalised cerebral and cerebellar cortical atrophy [76—78].

A number of toxic, nutritional, infectious, para-infectious and environmental
causes have been studied but to date, there have been no leads except an epidemio-
logic association with O. volvulus (reviewed in [81]). Testing for 19 virus families
has been negative. The affected age group and duration of symptoms makes prion
disease unlikely. The EEG and brain MRI too are uncharacteristic [76, 77].
Clustering of cases within specific locations and within families suggest a common
exposure [77]. The affected communities are not known for consanguineous mar-
riages and no specific epilepsy genes were identified on exon sequencing in two
children [81]. In south Sudan, 76 % of cases and 47.4 % controls had O. volvulus
microfilaria on skin snip testing [82], while in Uganda, 94.9 % cases and 48.8 %
controls tested positive for O. volvulus specific antibodies [83]. However, O. volvu-
lus is endemic in many parts of Africa, Latin America and Asia, yet nodding syn-
drome has only been reported in a few areas. Also, it is unclear how the parasites
would cause brain injury as there is no evidence of breach of blood brain barrier
[76]. Alternative mechanisms other than direct parenchymal injury are likely.

Using proteomics, American investigators at the Centers of Disease Control and
the National Institutes of Health have demonstrated antibodies against leiomodin-1
(a muscle protein also expressed in neurons) in 11/19 (58 %) cases. Part of this
protein shares 83 % sequence similarity with a conserved region of O. volvulus
tropomyosin. The antibodies were neuro-toxic in mice brain suggesting that neuro-
pathology in nodding syndrome may be caused by cross-reacting antibodies (Tory
Johnson et al., unpublished). Separately, we studied serum samples of 31 patients
and 11 sibling controls for antibodies against the neuron surface protein — voltage-
gated potassium channel (VGKC) complex proteins and against the intracellular
glutamic acid decarboxylase (GAD); 15/31(48.3 %) cases and 1/11(9.1 %) controls
had antibodies against the VGKC but none tested positive for antibodies against the
intracellular GAD, (Richard Idro, unpublished). These pilot studies await confirma-
tion. Other than O. volvulus, another source of cross-reacting antibodies may be
host response to variant Wolbachia species which are essential symbiotic bacteria of
filarial worms. Again, further studies are awaited.

There is currently no specific treatment for nodding syndrome. The only avail-
able treatment is a cocktail of symptomatic therapies we developed and includes
sodium valproate for seizures, nutritional, behavior and physical therapy [84].
Because of the strong epidemiological association with O. volvulus, all individuals
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living within the nodding syndrome belt also receive twice yearly doses of ivermec-
tin. Ivermectin kills microfilaria but hardly has any effect on the adult parasite.
Instead, these continue to produce microfilaria and may do so for a lifespan lasting
5-15 years. Why Nodding Syndrome reached epidemic proportions during war-
time in Uganda with no new cases reported after cessation of hostilities and closure
of IDP camps remains an unanswered question, but raises the question of the
sequelae of childhood trauma in our African wars. Until definite treatments are
obtained, the outlook for nodding syndrome remains poor.

Sickle Cell Anemia

Sickle cell anemia (SCA) is a public health priority. Annually, there are about
300,000 births and over 75 % of this is in Africa where SCA is a major cause of
childhood deaths [85, 86]. SCA is characterized by a point mutation in position 6 of
the B globin gene in which adenine is replaced by thymidine resulting in glutamic
acid being replaced by valine. The majority of patients have the Hb SS genotype but
Hb SC and Hb S/beta+thalassemia are also common in West Africa. The mutation
alters the physical properties of hemoglobin so that in conditions of reduced oxygen
tension, the sickle haemoglobin polymerizes altering the shape of the red blood to a
sickle-like shape. The movement of red blood cells through the capillary bed is thus
impaired clogging the system.

The commonest age of presentation is 1-3 years. Children present with anemic
crises (hemolysis, splenic sequestration, folate deficiency, and possibly aplastic),
painful and infarctive crises (hand-foot syndrome, bone-pain, pulmonary and
abdominal) or acute infections (malaria, pneumonia, septicemia, meningitis, osteo-
myelitis), priapism or cardiovascular accidents resulting in severe morbidity and
early mortality. The main causes of death include overwhelming systemic infec-
tions, sickle cell crises, and brain injury from acute stroke [87]. Genetic factors
associated with a better prognosis include the Senegal haplotype (which has higher
levels of Hb F), and presence of alpha+thalassemia. Among environmental factors
of a better prognosis, the family is of proven importance [87].

Stroke, including asymptomatic cerebro-vascular events, is a significant cause of
morbidity and mortality in SCA. The incidence is 10-25 per 100 cases a year.
Studies suggest cerebral stenosis in the circle of Willis may be the most common
mechanism of stroke in children. Clinically, this may be predicted by an increased
cerebral blood flow and patients with blood flow velocities greater than 200 m/s are
at high risk of a stroke. In patients suffering a stroke, imaging shows infarcts in the
distribution of the affected vessel. Some may have had several small silent infarcts
prior to a major event [88].

The mortality of SCA in the USA and UK has decreased from 3 down to 0.13 per
100 person years of observation with the implementation of simple interventions
such as newborn screening. The absence of programs for early diagnosis, compre-
hensive care and prevention, lack of locally appropriate information and negligible
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investment in care and research has hindered similar progress in Africa [85]. In a
large prospective cohort of 1,725 Tanzanian patients recruited between 2004 and
2009, mortality was 1.9 (95% CI 1.5, 2.9) per 100 per person years of observation.
Mortality was highest among children under 5-years old [7.3 (4.8-11.0) per person
years of observation] suggesting that additional interventions are critical at this age
[85]. However, even basic clinical interventions and follow up care can improve
outcome. These programs should include malaria chemoprevention, immunisations
and daily penicillin to prevent infections by capsulated organisms and screening for
elevated blood flow velocity [89].

Conclusion: Future Perspectives

First, there is urgent need for comprehensive epidemiologic studies of causation and
burden of patients with brain injury in sub-Saharan Africa. Secondly, both the acute
mortality and deaths secondary to long term morbidity are very high. Rehabilitation
needs are hardly known and skilled human resource to undertake the rehabilitation
is rare in sub-Saharan Africa. There are only limited disability screening programs
and rehabilitation services in the region. Standardized testing is clearly required to
define deficits, compare outcomes in different centers and to monitor improvements.
Clearly investments are needed for both primary prevention of brain injury and sec-
ondary prevention of disability. Studies are also required to define adequate recovery
in Africa and to adapt tools to measure functioning in these children. In the mean-
time, task shifting may help. There is need to train frontline healthcare workers to
provide basic rehabilitation services for the majority of patients and refer only com-
plex patients. The family may also be involved in helping with say physiotherapy.
The population of Africa is growing rapidly and with improving acute care for
severely ill children, the number surviving is increasing. Put together, we have, on
our hands, a growing number of brain injured children at risk of long term disability.
The demand on rehabilitation services can only increase. With limited resources,
innovative care practices and education are urgently required. Stigma from the
behavioral sequelae of TBI needs to be addressed within such programs.
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Chapter 14

Review of Reasons for Patients to Receive
a CT of the Head and Neck Region

in Uganda in 2011-2012

Stanley Jacobson, Tammy Hsieh, Nathan Yuen, Samuel S. Giles,
and Rosemary Kusaba Byanyima

Abstract This paper describes the reasons for 403 patients to receive a CT-scan of
their head and neck in the Department of Radiology of the Mulago Hospital in
Kampala Uganda in 2011-2012. The objective of this study was to determine the
indications for this imaging investigation and the total percentage of patients with
each indication. The study undertook to answer these three major questions:
1) Which were the most common indications for a CT-Brain scan? 2) Was there a
gender difference in the imaged patients? 3) Were there age differences in each
category of the imaged patients?

We examined 403 cases and noted these 16 different indications for Brain CT
scans:

Head Trauma, Cerebral Vascular Accident (CVA), Space Occupying Lesion
(SOL), Head Symptoms, Brain Tumors, Cryptococcus/Toxoplasmosis/HIV
Meningitis, Headache, Seizures, Spinal Symptoms, Facial Injury, Dementia,
Congenital Anomalies, Follow up, Psychiatric indications, Encephalitis and Loss of
Consciousness (LOC). For each category we included the number of cases with the
gender and age of the patient being imaged.

Head trauma and especially from Road Traffic Accidents (RTA) was the
most common indication for a Brain CT-scan request forming 48 % of the cases.
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The many Road Traffic Accidents, 48% of the cases, were due to the presence of
small motor bike taxis called “boda-boda”. CVA were the second most common
indications forming 11 %. Combined, RTA and general trauma to the head form a
major burden on the country.

In terms of gender, for the 403 cases we reviewed 277 (69 %) were males while
126 (31 %) females. In all categories of trauma generally, more males than females
were affected and this was especially more so in RTA cases where 119 males and
only 35 females were imaged. In the cases of assault, more males (32) than females
(4) were affected, and finally in cases of trauma due to a fall again more males (9)
than females (4) were affected. The few elderly patients (those above 60) that were
seen with dementia were primarily females. As for age, in each category, there
were more young males (age-bracket 14-44 years) than females. Still this was
more evident in the cases of Trauma and CVA.

Keywords CT-scan images ¢ Cerebro-vascular accidents (CVA) ¢ Dementia
Gender * Road traffic accidents (RTA) * Trauma ¢ Traumatic brain injury

Abbreviations

Boda-boda  Small ubiquitous motor cycle taxis

CHI Closed head injuries

y.O. Years old

CT-scan Computer tomography scan
CVA Cerebrovascular accidents
HIV/AIDS  Human immunodeficiency virus/acquired immunodeficiency syndrome
NCD Non-Communicable Disease
OHI Open head injuries

RTA Road Traffic Accidents
SOL Space Occupying Lesions
TBI Traumatic Brain Injury
Introduction

This paper describes the reasons for patients receiving a CT-scan image of their
head-neck region in 2011 and 2012 in the Department of Radiology of the Mulago
Hospital Complex in Kampala, Uganda. Mulago Hospital in Kampala is the major
national referral hospital in the country. It has a bed capacity of over 1,700 but at
times the numbers of inpatients are more than the available beds hence creating
floor cases. The government allocation to the health sector is on average 9.6 % of
the total government budget (GOU 2010) with the hospital consuming approxi-
mately 12 % [5] of the national health budget.
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The objectives of this study were to determine:

1. Which were the most common indications for a head and neck CT-scan at
Mulago Hospital?

2. Was there a gender difference in the imaged patients?

3. Were there age differences in each category of the imaged patients?

Materials and Methods

Collection of Cases

Every year there are over 7,200 CT-scan studies of the Head-Neck region made in
the Department of Radiology of Mulago Hospital. The majority of these cases are
due to trauma from road traffic accidents, RTA.The vast majority of these records
are currently in the form of paper charts or files. With the aid of the staff in the
Department of Radiology, charts were collected from 2011-2012 for 403 patients.
These charts were selected at random and were then scanned digitized, and ana-
lyzed they formed the basis of this study.

Prior to imaging all the patients were given a physical examination including a
neurological examination. When there were abnormalities present they had a
CT-scan and then an analysis of their images with a clinical diagnosis. The diagno-
sis listed for each patient was performed by the radiologists of the Department of
Radiology in Mulago Hospital.

CT-Scan Analysis

All the patients in this study had a CT image only after abnormalities were found on
their physical or neurological examination. All the CT images were obtained on a
MX 16 Philips CT Scanner acquired in August 2010.

Image Reconstruction

The DICOM images that were collected by the Philips CT Scanner were recon-
structed to demonstrate 3D features were analyzed on a 4 channel Mac Pro running
Leopard 10.5 and 3D reconstructions were made using OsiriX 5.0.
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Results

For this study we reviewed the digitized file charts from 403 patients and we found
the indications to be 16 different categories which are discussed below and are listed
in Table 14.1 and Fig. 14.1. The 16 different categories were arranged in frequency
of imaging as follows: Head Trauma, Cerebral Vascular Accidents (CVA),
Space Occupying Lesion (SOL), Head Symptoms, Tumors, Spinal Symptoms,

Table 14.1 List of reasons (indications) for patients to undergo CT-brain scans at Mulago
Hospital, Kampala

Reason Total # | Subclass #

Trauma 195 RTA: Boda-Boda 135, Auto 19. | 154
Normal 14
Assault 28
Fall 13

CVA 46 Ischemic 15
Hemorrhagic: 28
(Subdural 10
Epidural 2
Intracranial 13
Interventricular) 3
Normal 3

Exclude SOL (space occupying lesion) 33

Head symptoms 24 Ear 5
Mouth
Nasal 3
Optic 14
Skull

Tumor 19 Neural 5
Non-neural 14

Seizure 12

Toxoplasmosis/HIV 12

Headache 12

Spinal symptoms 10

Facial injury 10 Trauma 5
Palsy 4
Tumor 1

Dementia 8

Congenital abnormalities 7

Follow up 5

Psychiatric disorders 4

Encephalitis 3

LOC (loss of consciousness) 3

Grand total 403



14 Review of Reasons for Patients to Receive a CT of the Head and Neck Region... 207

Psychiatric disorders Encephalitis
1% 1% LOC (loss of
consciousness)

Congenital abnormalities / 1%
2% \

Dementia\ Bilow up
2% 1%

Trauma
48%

Fig. 14.1 Pie Chart demonstrating

Cryptococcus/Toxoplasmosis/HIV meningitis, Headache, Seizures, Facial Injury,
Dementia, Congenital Anomalies, Follow up, Psychiatric indications, Encephalitis
and Loss of Consciousness (LOC). In each category we also included the number of
cases with the gender and age of the patient being imaged.

What Where the Most Common Indications That Required
a Head-Neck CT-scan? (Fig. 14.2)

We found the majority of the indications were due to Trauma which involved 48 %
of the cases followed by Cerebrovascular accidents, CVAs, as the next most com-
mon indications affecting 11 % of the cases.
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Fig. 14.2 (a) Trauma subclasses; (b) gender distribution of trauma subclasses; (c) age distribution
of trauma subclasses

Head Trauma (Fig. 14.2)

We identified a total of 197 patients that were imaged due to a traumatic incident
and in this category abnormalities were noted in CT-scans from 154 cases of road
traffic accidents, RTAs, 28 cases of Assault and 15 cases due to a fall.

Road Traffic Accidents or RTAs, (Fig. 14.2a), formed 77 % of the total cases of
head trauma. There were 154 cases of trauma due to RTA with 10 % (14 cases),
demonstrating no abnormalities in their CT head scans. The vehicles that were
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involved in these accidents were in 12 % (19 of the cases) due to accidents in auto-
mobiles or trucks while the majority, 88 % (135 patients) were due to accidents on
the small ubiquitous motor bike taxis called “boda-boda” in Uganda (Table 14.1).

Traumatic Brain Injuries (TBI)

Of the 154 patients with trauma from RTA, 89 % had traumatic brain injuries, TBI,
while 61 % of the imaged patients due to assaults and falls had TBI. In the RTA
sub-category, males were more commonly affected with 119 males vs. 34 females
(Fig. 14.3a) and the most common ages of the affected were in the 14—44 year age
bracket (Fig. 14.3b).

In Fig. 14.3c in the RTA category we noted that the patients that were imaged due
to head injuries consisted of 47.2 % with closed head injuries (CHI), and 37.7 %
with open head injuries. All the patients that had either open or closed head injuries
had neurological deficits. Of the patients admitted for evaluation of head injuries,
14 % were found to have no abnormalities in their head CT-scan images.

Trauma Due to Either Assault or a Fall (Fig. 14.2a—c)

The other common causes of trauma which led to a patient being imaged included
28 cases of Assaults and this formed 13 % of the cases of trauma, and 13 (6 %) were
cases of Falls with 10 % of these cases showing no abnormality in their CT-scan
images. These assault and fall injuries were more common in males in 49 cases vs.
11 in females There were another 10 cases listed with 5 of them having brain edema
from many sources including infections. The remaining 5 cases were from other
forms of unspecified causes and these were all without any abnormalities in their
CT-scan images.

Imagery of Skull Fractures from RTA

Figure 14.3d-h, are examples of skull fractures seen in several of the patients caused
by RTAs.

Figure 14.3d, CT-brain scan of RTA: Fracture of Frontal Bone in male age 24
with headaches following RTA.

Figure 14.3e. Case of RTA. 3D reconstruction of fracture of frontal bone shown
in Fig. 14.3d of a male age 24. OsiriX Open Source imaging Software version 5.9.

Figure 14.3f. Case of RTA. 3D reconstruction of a fracture of left Occipital bone
in male age 14 with headaches following RTA. OsiriX Open Source imaging
Software version 5.9.
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Fig. 14.3 (a) RTA head injury age demographic by age; (b) RTA head injury gender demo-
graphic; (c¢) RTA head injuries open head injuries vs. closed head injuries; (d) CT, sagittal image,
fracture of frontal bone, red arrows, after RTA, male age 24 with headaches, red arrow; (e) 3D
reconstruction of skull shown in (d) with fracture of frontal bone, red arrows, in a male age 24
(OsiriX imaging Software version 5.9); (f) RTA 3D reconstruction of a skull with a fracture, red
arrow, of left occipital bone in male age 14 with headaches (OsiriX imaging Software version 5.9);
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Fig. 14.3 (continued) (g) RTA CT fracture of left lamina, red arrow, in cervical vertebrae C2 male
age 19 with pain and some muscular symptoms; (h) RTA. CT image demonstrating the effects of
an intracerebral contusion to the right frontal polar cortex due to a RTA in a 64 year old female.
The patient demonstrated some changes in personality and upper motor neuron signs on the left
side of the body

Cerebrovascular Accidents (CVA)

Table 14.1 lists cerebrovascular accidents, CVA, as the second most common indi-
cation for imaging after trauma forming 46 (11 %) of the total imaged cases. In the
CVA category 43 cases (93 %) had significant cerebral lesions upon examination of
their CT-scan images as a consequence of the CVA. Only 6.5 % of these cases had
no abnormalities in their CT images or in their neurological examination.

The types of CVA as noted in Fig. 14.4a were 68 % hemorrhagic and 32 %
ischemic.



a Normal, 6.5% b Intraventricular,
10.7%

Epidural, 7.1%

C e
35
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20 +
15
10 -
5 +
o +
CVA
d
16
14
12 u 0-4 years old
10 W 5-14 years old
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Fig. 14.4 (a) CVA. The types of CVA were 68 % hemorrhagic and 32 % ischemic; (b) CVA. The
locations of the 28 cases with hemorrhagic lesions were divided as follows: epidural 2/7 %, subdu-
ral 10/35 %, intraventricular 3/10.7 %, and intracranial 13/46.4 %; (c) Gender of patients with
CVA. They were more common in males with 33 while 13 females affected; (d) Age of patients
with CVA. The ages affected were primarily from 14-64 y.o; (e) This is a CT from a 60 year old
male patient with a CVA in the distribution of the inferior branch of the left MCA with an infarct
into the left Inferior Frontal Gyrus and Insular cortex, red arrow, with Broca’s motor aphasia and
upper motor neuron symptoms in the right arm
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The locations of the 28 cases with hemorrhagic lesions as shown in Fig. 14.4b
were divided as follows: epidural 2 (7 %), subdural 10 (35 %), intraventricular 3
(10.7 %), and intracranial 13 (46.4 %). The cases with ischemic lesions were located
throughout the brain.

The CVAs were more common in males with 33 with 13 being females
(Fig. 14.4c¢).

The most commonly affected ages, as noted in Fig. 14.4d, were from 14 to 64 y.o.

Figure 14.4e is a CT-head scan from a 60 year old male patient with a CVA in the
distribution of the inferior branch of the left MCA with an infarct into the left
Inferior Frontal Gyrus and insular cortex with Broca’s motor aphasia and upper
motor neuron symptoms in the right arm.

Space Occupying Lesions (SOL): Table 14.1 and Fig. 14.1

There were 33 cases (8 %) of the total imaged cases that were due to suspected
space occupying lesions. In this category there were 17 females and 16 males, a 1:1
ratio in the affected.

Head Symptoms: Table 14.1 and Fig. 14.1

There were 24 cases, with 5 cases (6 %) of the total having involvement of the ear;
5 cases mouth; 3 cases nose; 3 cases, eyes; 14 cases skull, One of Six of the cases
associated with the eye had some neurological signs including double vision and
pupillary signs while the other cases were within normal limits. In this category
there were 14 males and 10 females affected.

Brain Tumors (Table 14.1 and Fig. 14.1)

There were 19 cases with brain tumors forming, 5 % of the total cases. In this group
there were 5 intracranial cases and, 14 with non-intracranial involvement. The 5
cases with intracranial tumors exhibited abnormal neurological signs. In this cate-
gory there were 10 males and 9 females affected.

Seizures, Cryptococcus/Toxoplasmosis/HIV, and Headache

In this category there were 12 cases being 3 % of the total, as shown in Table 14.1
and Fig. 14.1. The seizures were either a consequence of a RTA, CVA or HIV. The
Cryptococcus/Toxoplasmosis/HIV cases were noted in patients who were either
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not responding to the antiretroviral treatment or not taking their medicines
regularly. There was an equal number of males and females affected with 6 of each
gender.

Spinal Symptoms

In the category of spinal symptoms, there were 10 cases, being 2 % (Table 14.1 and
Fig. 14.1). The spinal symptoms were associated with RTA (Fig. 14.3g). There were
more cases of spinal cord injuries in males than females: 7 cases to 3.

Facial Injuries

Facial injuries were noted in 10 cases being 2 % of the total (Table 14.1 and
Fig. 14.1). There were 5 facial injuries due to trauma and 4 palsies with two of these
cases being of Bell’s palsy, and 1 due to a facial tumor. Facial injuries were more
common in males than females 6 to 4.

Dementia

A referral for dementia was noted in 8 cases or 2 % of the total cases (Table 14.1 and
Fig. 14.1) with 7 females and 1 male. The cases of dementia were in elderly patents
being over 60 with 7 being females and one male. in the general population in
Uganda the elderly are reported to be 4-6 % [ 5].

Congenital Anomalies

Congenital anomalies formed 7 cases, being 2 %, (Table 14.1 and Fig. 14.1). One
case included a Siamese twin. There were 4 males and 3 females.

Follow Ups

Patients that were referred back for follow up CT images formed 1 %, with all 5
cases being due to RTA (Table 14.1 and Fig. 14.1). In the follow ups there were 3
males and 2 females.
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Psychiatric Disorders

Referrals from Psychiatric illnesses formed 4 cases, 1 % of the total (Table 14.1 and
Fig. 14.1). There were 2 males and females that were imaged.

Encephalitis

Encephalitis was noted in 3 cases all related to malaria, 1 % (Table 14.1 and
Fig. 14.1).

Loss of Consciousness

Loss of Consciousness, LOC, formed 3 cases, 1 % of total. They were related in two
cases to Trauma and one case to a CVA (Table 14.1 and Fig. 14.1).

Were There Gender Differences in Each Category?

In the 403 cases we reviewed 277 were in males and only 126 in females giving a
Male:Female ratio of 9:5 or 1.8:1. In all categories of trauma, more males were
affected. In RTA cases more males were affected than females; 119 and 35, respec-
tively (Fig. 14.3b). In assault cases, also more males were affected than females; 32
and 4 respectively (Fig. 14.2¢). Finally in cases of trauma due to a fall, again more
males than females were affected; 9 vs. 4 respectively (Fig. 14.2c). In the other
cases of trauma, these were also more common in males than females; 8 vs. 3
respectively (Fig. 14.5b).

In CVAs (Table 14.1 and Fig. 14.4c¢), of the 46 cases 33 (71 %) were in males and
13 (29 %) were in females. There were also 3 cases (2 males and 1 female) that were
imaged for a CVA but the images were within normal limits.

Congenital abnormalities were noted in 5 females and 2 males (Fig. 14.4c).

Dementia was noted in only 8 cases (Fig. 14.5b). In the patients who were
screened for dementia there were 7 females and 1 male.

Were There Age Differences in Patients in Each Category?
(Figs. 14.3a, d, and 14.5a)

Trauma In all categories more younger males were affected as evidenced in the
RTA, assaults and falls (Fig. 14.3a) from ages 14—44 y.o.
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Fig. 14.5 (a) Age distribution of other maladies imaged; (b) gender distribution of other maladies
imaged

In CVAs (Fig. 14.4d), the age range was 14-64+ and more males were affected
with the majority being from age 25—64+.

Dementia Cases formed only 8 cases, 1 male and 7 females. The patients ranged in
age from 60 and older (Fig. 14.5a).
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Discussion

Non-Communicative Diseases

In another paper in this book [4] we noted the similarity seen in the percent of neuro-
degenerative, non-communicative diseases of the brain seen in Africa and in the
United States and Europe due to our common origin out of Africa many thousand
years ago [9]. However, since occurrence of these migrations millenia ago, many
environmental factors have since influenced the non-communicable disease process
in the central nervous system and especially the resultant extension in the life cycles
in the higher income regions of the world. In these higher income regions there are
many positive improvements in public health, but also a major increase in the pres-
ence of many cases of neurodegenerative disease and especially Alzheimer’s’ disease
as the population ages. In Uganda which is a lower income region, the vast majority
of the 403 records that were reviewed were of patients of less than 50 years of age.

Dementia, in our study only constituted 8 of 403 (2 %) patients that were imaged.
They were all over 60 years in age with 7 of the 8 (87.5 %) being female. In a study
in Tanzania, Mavrodaris, Powell and Thorogood [8] noted that there was a major
problem in accurate data collecting in the sub-Saharan African region as there were
only a few electronic data bases. When more data base will be formed one should
have a more accurate and complete insight on the amount of age-related dementia
in the region. Paddick et al. [10] observed that dementia and other non-communica-
tive diseases will become an increasing burden on health services in Sub-Saharan
Africa as the NCD population ages due to the control of the communicative disease
of malaria, HIV/AIDS and TB [7].

Communicable Diseases

Currently malaria is the leading cause of illness (morbidity and mortality) in all com-
municable diseases in these regions (CDC and WHO 2013). In our 403 cases there
were only 12 patients imaged for malaria and for HIV AIDS. Even though there are still
too many cases of malaria and HIV/AIDS in Uganda most of these cases are diagnosed
without CT-scan imagery. UNICEF has shown encouraging results in the reduction in
the number of children, with cases of malaria, HIV/AIDS and malnutrition. However,
there are still too many people that are affected by these diseases (WHO 2012).

Trauma

In regard to Trauma, in this review of the patients undergoing a CT-head scans, 195
of the 403 (48 %) of the patients were imaged due to trauma (Table 14.1 and Fig. 14.1)
males aged 14-44 years were most commonly affected (Figs. 14.2c, 14.3b, 14.4c,
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and 14.5b). For the RTA, a major difference is noted in the vehicles involved in the
countries with higher income than in countries with lower incomes. In the higher
income regions the accidents are primarily in automobiles while in lower income
countries including Uganda the accidents are primarily with the smaller motor cycles
called “boda-boda” which offer the riders very little protection [15]. These small
motor bikes are widely used throughout East Africa and in many of the lower income
countries such as India and Bangladesh [6, 11]). The results of our study confirm the
burden placed on Uganda by the many cases of trauma, the vast majority of which
are due to accidents on these small motor bikes, the “boda-bodas”.

Traumatic Brain Injury (TBI)

In our study TBI was caused by RTA, falls, and accidents. The data from the WHO
[15] and the World Bank [13], shows that RTAs are the leading cause of TBI in the
world [15]. TBI are the leading cause of death and disability in children and young
adults in the world and they cause about half of the deaths that result from trauma [16].

The data from the World Health Organization and the World Bank [13] also
notes that RTA injuries cause considerable economic losses to the victims, their
families, and to nations as a whole. These losses arise from the cost of treatment
(including rehabilitation) as well as lost productivity (e.g. in wages) for those killed
or disabled by their injuries, and for family members who need to take time off work
(or school) to care for the injured.

About 1.2 million people die worldwide each year as a result of road traffic acci-
dents [15] with road traffic injuries the leading cause of death among young people,
aged 15-29 years and more males than females are affected.

Road Traffic Accidents (RTA) cause 91 % of the world’s traffic fatalities and
these mostly occur on the roads of low-income and middle-income countries, even
though these countries have approximately only half of the world’s vehicles [13].
Only 28 countries in the world, from the higher income regions of the world repre-
senting 416 million people and they contain less than 10 % of the world’s current
population. These high income countries have laws that address all five of the risk
factors involved in RTA — speed, drink-driving, helmets, seat-belts and child
restraints [3]. Uganda with a rate of 28.9 deaths per million due to the numerous
RTA is in the top percentile of the world’s deaths caused by RTAs [12] (WHO and
World Bank 2014). As we noted in our study RTA formed the bulk of the patients
imaged. Over 90 % of these cases had TBI, (Fig. 14.2b). One shouldn’t be surprised
that the CT facilities are nearly overwhelmed by these accidents.

Cerebro-Vascular Accidents (CVAs)

Table 14.1 and Fig. 14.1 lists CVAs as the next most common cause for CT brain
imaging after trauma forming 46 or 11 % of the total cases. Only 3 or 7 % of the CVA
cases had no abnormalities in their CT-scan images or on their neurological
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examination. In the other 43 cases with CVAs, in 93 %, there was TBI in their
CT-scan images. The lesions as noted in Fig. 14.4a were 67 % hemorrhagic and
33 % ischemic. The 28 cases with hemorrhagic lesions, (Fig. 14.4b), were divided as
follows: epidural 2(7 %), subdural 10(35 %), interventricular 3(10.7 %), and intra-
cranial 13(46.4 %). The CVAs were more common in males, 33 cases vs. only 15
females cases affected, (Fig. 14.4c).The need for prevention of stroke and especially
the control of hypertension has been noted in Sub-Saharan Africa by Chin [2] and
Addo, Smeeth and Leon [1], and there have been improvements noted [14].

Much progress has been made in the treatment of malnutrition and in malaria
prevention by adding mosquito netting as well as in the prevention of HIV/AIDS
[14]. However NCD such as hypertension and the RTA with its deleterious conse-
quences have not yet been addressed in most lower income countries. In our review
of the 403 patients undergoing a CT head scans, 197 trauma cases were imaged
(Fig. 14.2a) and 154 of the trauma cases were due to Road Traffic Accidents with
89 % of the RTA cases demonstrating TBI. In the total number of 154 RTAs, 135 or
88 % were due to accidents on the small motor bikes (boda-boda) with only 12 % as
result of automobile or truck accidents (Table 14.1).

How Does One Counteract the Many Deleterious Effects
of the RTA Due to the Ubiquitous Small Motor Bikes
the Boda-Bodas?

The reality is that in Kampala, motor bikes or boda-boda taxis, since their introduc-
tion in the 1990s, do provide jobs and plug the gaping holes in the public transport
system. They have become ubiquitous and indispensable with frequent accidents
which often are deadly [6, 11]. In Kampala there are fleets of these two-wheeled
motor cycles and no one knows exactly how many there are, but the local media
reports that there may be as many as 300,000 boda-bodas on the streets of the
Ugandan capital, always on the lookout for passengers [6, 11]. The City of Kampala
has recently begun to address this problem by expanding its public transport with
the acquisition of buses, and there have been progress in better training the drivers
of these motorcycles. However driving and riding boda-bodas is an easy means to
get around the city and also provides many jobs in a country with high unemploy-
ment [6]. One method that is being championed and could lead to a great reduction
in frequency and the consequences of RTA is The Global Helmet Vaccine Initiative
[3]. This Initiative which has not yet caught on, offers much promise for the future
as it is trying to train drivers how to drive safely, and also convince them and their
patrons to purchase and to wear helmets. This is an effort to stop the occurrence of
so many TBI without banning bikes altogether.
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Chapter 15
CT Findings in the Brain of Adult Patients
with HIV/AIDS

Rosemary Kusaba Byanyima

Abstract The availability of modern imaging techniques of Computed Tomography
(CT) and Magnetic Resonance Imaging (MRI) scans have enabled us to investigate
and study brain conditions of HIV CNS involvement commonly seen in Sub-
Saharan Africa. Computed Tomography scan of the head displays a two dimen-
sional anatomy of the brain in the form of cross-sectional images enabling one to
see structures enclosed within the skull bones. The structural changes due to intra-
cranial pathologies can be easily detected and administration of intravenous iodin-
ated contrast medium further characterizes these lesions to aid in diagnosis. The
earlier radiological methods of investigating intracranial pathology, like pneumo-
encephalography, conventional angiography or even skull x-rays were invasive or
provided limited information. Ultrasound is only applicable in young children
before closure of the fontanelle or if adults in the presence of a bone defect, like a
burr hole.

This chapter will review degenerative brain changes in HIV/AIDS patients due
to HIV-related infections, viremia, malignancy, neuronal death, demyelination or
those involving the meninges, ventricles, arachnoid matter and also lesions due to
bleeds from a variety of causes. However, normal Contrasted CTs were also a
common finding despite documented HIV CNS involvement. This calls for more
stringent guidelines for ordering this, expensive but otherwise new and modern use-
ful neuro-imaging investigation.
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Abbreviations

HIV Human immunodeficiency virus

CSF Cerebrospinal fluid

SPECT  Single photon emission computed tomography
CM Cryptococcal meningitis

PML Progressive multifocal leukoencephalopathy
CMV Cytomegalovirus

CNS Central nervous system

PET Positron emission tomography
MRI Magnetic resonance imaging
CT Computed tomography

CCT Cranial computed tomography

Introduction

The availability of cross sectional imaging techniques like Computed Tomography
and Magnetic Resonance Imaging machines; Single-Photon Emission Computed
Tomography (SPECT) and Positron Emission Tomography (PET) Scans has revolu-
tionized neuro-imaging [1]. Computed Tomography scan of the head displays two
dimensional anatomy of the brain in form of cross-sectional images enabling one to
see structures enclosed within the skull bones. The structural changes due to intra-
cranial pathologies can be easily detected and administration of intravenous iodin-
ated contrast medium further characterizes these lesions to aid in diagnosis.

The earlier Radiological methods of investigating intracranial pathology, like
pneumo-encephalography and conventional angiography are invasive and yet pro-
vide limited information. Plain skull x-rays and linear tomography are rarely infor-
mative. Ultrasound is only applicable before closure of the fontanelle or in presence
of a bone defect, like a burr hole.

In this study we will review the records of 151 patients referred for CT scan
examination at the Mulago National Referral Hospital. Our goal is to determine the
number of patients and their gender in Uganda in the year 1997 with intracranial
pathology due to the HIV infection and also to note the associated pathological and
neurological symptoms.

Materials and Methods

Neuro-Radiology and Imaging

Radiological methods of investigating intracranial infections include conventional
Radiography, Angiography, Radionuclide imaging, Ultrasound, CT and MRI of the
cranium [2-5]. Magnetic Resonance Imaging, Single Photon Emission Computed
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Tomography (SPECT) and Positron Emission Tomography (PET) are the more
advanced imaging modalities [6, 7]. These are more sensitive because they also
assess functional status in addition to structural anomalies of the brain.

A Philips Tomoscan CX/Q 1994 model was used. Pre- and post-contrast axial
scans were performed for all patients. Clinical and laboratory results were collected.
Final diagnosis was based on laboratory results, surgical findings, response to treat-
ment and/or post-mortem findings.

CT Imaging Technique, Cross-Sectional Descriptive Study
in the Mulago Hospital Radiology Department

Patients with CNS symptoms who were also HIV positive, and had the WHO AIDS
clinical diagnostic criteria were included in this study. A standard cranial CT con-
sists of a series of contiguous tomographic sections of 5 mm or less, thickness. This
is performed with the patient laying supine on examination couch. Patients are
scanned initially without intravenous iodinated contrast medium and then post-
intravenous contrast administration [1]. For adult patients of average size a dose of
about 40 ml of 76 % iodinated low osmolar contrast medium given by free hand
injection into a peripheral superficial vein is sufficient. The laboratory results from
Mulago Hospital are also included.

Pathological Findings

Viral encephalitis is confirmed from histopathology specimens from appearances of
focal areas of white matter inflammation, demyelination and vacuolization’s [2].

Illustrative Patients

We have included CT images and case histories for illustrative HIV patients with
brain abscess, toxoplasmosis, lymphoma, encephalopathy with cortical atrophy and
intracranial hemorrhage.

Results

CSF Findings (Fig. 15.1)

In 91 of 105 patients in this study had a CSF analysis, and in this group 34 out of 91
had abnormal CSF including 3 with pyogenic organisms seen at Gram stain, 11 had
capsulated yeast cells and 1 had AAFB (atypical acid fast bacteria). In 54 % of these
cases there were abnormal CSF results without meningeal enhancement at CT.
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Density of Brain Lesions (Fig. 15.2 and Table 15.1)

Behavior with IV Contrast. In each case multiple lesions were a common feature
and 50.5 % had detectable brain lesions. In these cases 83.0 % of lesions were hypo
dense, with 39.6 % in white matter, 26. 4 % in the Basal ganglia. In the analysis of
CT findings after iv contrast, Table 15.1, 47.2 % were non-enhancing, 30.2 % were
ring shaped and 20.8 % were nodular in appearance. Patients with lymphomas usu-
ally had single lesions while patients with toxoplasmosis had multiple lesions.
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Table 15.1 Behavior of IV Pattern Number Percentage
contrast Non enhancing 25 47.2
Ring 16 30.2
Nodular 11 20.8
Not applicable 1 1.9
Total 53 100.0
Table 15.2 Clinical features Clinical features No. abnormal | % abnormal
Headache 61 76.3
Vomiting 16 55.2
Convulsions 19 48.7
Photophobia 7 53.8
Fever 56 78.9
Neck rigidity 23 82.1
Kernig’s sign 20 90.9
Altered consciousness 18 56.3
Focal neurological signs | 43 64.2

Clinical Signs and Symptoms of HIV Infected Patients

Fever and headache are the most frequent symptoms in these HIV patients
(Table 15.2). The clinical features listed in Table 15.2 may not be a specific symp-
tom of CNS diseases with headache due to irritation of the meninges and arteries
with their associated pain nerve fibers. The headache as a symptom is subjective,
sometimes ambiguous and its severity difficult to assess. The fifth, ninth and tenth
cranial nerves contain pain fibres are also found in the meninges and are recording
the meningeal irritation and sending it into the brain. Headache may therefore be
due to cranial neuralgias, meningeal irritation, vascular disturbances and traction of
intracranial structures which have pain nerve fibers. Neck rigidity and positive
Kerning’s sign are absent in 58.8 % of patients with abnormal cranial CT results.
This may reflect subacute meningitides from Cryptococcal and TB infections which
rarely give signs of meningeal irritation [2].

The brain parenchyma, pia-arachnoid, ventricular linings and choroid plexuses
are insensitive [8].

Neurological Signs

Focal neurological signs (Table 15.3) were encountered in 63.8 % of the patients in
this study and these are usually strong predictors of presence of structural lesions at
CT (P value=0.0004). It has been observed from other populations of AIDS patients
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Table 15.3 Focal CNS signs Signs Number Percentage
Focal CNS signs 67 63.8
Altered consciousness 32 30.5
Neck rigidity 28 26.7
Kerning’s sign 22 21.0

that the frequency of CNS symptoms is about 30 % and at postmortem the occur-
rence of CNS abnormalities is as high as 80 % [2]. By the time of death many of
these patients demonstrate more pathological lesions that were not detected by CT
imaging.

Altered consciousness is the second common predictor of presence of structural
lesions (P value=0.568) and Kerning’s sign the least. These neurological manifesta-
tions result from opportunistic infections or from primary involvement of the brain
by the HIV and primary CNS lymphomas [9, 10]. Although CNS infections, includ-
ing syphilis, bacterial meningitis, brain abscesses, and tuberculosis are seen in HIV
infected individuals, cryptococcal meningitis and toxoplasmosis predominates [11-14].
Most patients present with severe persistent headache, fever and lethargy. Peculiar
to toxoplasmosis is focal neurological abnormalities, confusion and seizures in
addition to the general symptoms mentioned above (see Fig. 15.10).

Final Clinical Diagnosis

Final clinical diagnosis and clinical correlation in this study are listed in Fig. 15.3,
with Toxoplasmosis 28 % of the cases, cryptoccal meningitis 18 %, and bacterial
meningitis 8 %. Tuberculous meningitis and viral encephalitis each form 4 % of the
cases. Depression and cerebral malaria were each 3 % and PML, Hemorrhagic
strokes, bacterial cerebritis, pyrogenic empyema, subacute subdural were 1-2 % of
the cases,

Abnormal CT Appearances

In the current study 63 % of the patient’s had focal CNS findings. The frequency
of brain structural lesions in another study one study in Uganda in 1998 was
50.5 %. The available literature gives a lower percentage of between 20 and 40 %
[15-17]. This high frequency of mass lesions in this study is probably related to the
patients who were referred for CT examination were very ill thus with more obvi-
ous lesions including a higher rate of complicating opportunistic infection. Lesions
also exhibit variable contrast enhancement depending on vascularization and brake
down of the blood—brain barrier.
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Fig. 15.3 Final diagnosis

Appearance of Intracranial Infections

Opportunistic lesions (Fig. 15.4) of the CNS occur are caused directly by HIV
infection and there can be other complications including dementia, cerebral toxo-
plasmosis, Cryptococcal meningitis (CM) and progressive multifocal leukoenceph-
alopathy (PML).

Diffuse white matter hypodense non-enhancing lesions are seen in PML, CMV
and HIV encephalitis.

Toxoplasmosis causes chronic necrotizing inflammation of the brain that appears
as necrotic foci in which tachyzoites and/or cysts can be seen. At the edge of these
foci, inflammatory infiltrates and multinucleated giant cells are found [2].
Calcifications often ensue later as well as atrophy and later small gliotic scars form.

The CT appearances of intracranial infections are characteristic [2, 18-20]. In
this study the majority of lesions are hypo dense on CT without contrast administra-
tion as they are inflammatory. They appear hypo dense due to the edema which is of
low attenuation (see Fig. 15.1 and Table 15.1).

Brain abscesses have a characteristic “doughnut” appearance. The pre-contrast
scan shows a hypodense lesion (Fig. 15.4). The hypodense area in the center repre-
sents non-viable debris, while the ring enhancing and the peripheral hypodense area
represent the capsule and edema respectively. The increased tissue water content in
inflammatory lesions gives low attenuation co-efficiencies in comparison with nor-
mal brain. The normal brain grey and white matter Hounsfield readings are in the
range of 3646 and 22-32 respectively [20].
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Fig. 154 A 29 year old
female presented with right
sided body weakness, fever
and reduced level of
consciousness. Enhanced CT
scan results show a ring
enhancing lesion in left
frontal lobe with gross
surrounding edema. The
patient improved on
antibiotic therapy and
surgical drainage which
confirmed a pyogenic abscess

Figure 15.4 demonstrates ring and nodular lesions. The lesion shows ring
enhancement post-contrast with marked surrounding edema. This was confirmed as
a pyogenic abscess following surgical drainage.

Figure 15.5 illustrates the pathological features of meningitis at postmortem
examination.

Encephalitis (Figs. 15.6, 15.7, 15.8, and 15.9) is associated with little or no
change in CT appearance of the brain. Ill-defined hypo dense areas without focal
enhancement may be the only finding. Non-enhancing lesions are also highly preva-
lent accounting for 47.2 % is cases of CNS lesions. Intracerebral lesions do enhance
with I.V. contrast medium if they are highly vascular or if there is breakdown of the
blood brain barrier. There are patients with non-enhancing lesions who had toxo-
plasmosis. This is explained by the fact that failure of capsule formation around
toxoplasmosis abscesses in extreme immune-suppression, 5 % of these lesions do
not enhance. Lack of enhancement in cerebral toxoplasmosis encephalitis is a poor
prognostic sign [21]. Hypodense periventricular white matter lesions without con-
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Fig. 15.5 A 31 y.o. male presented with history of fever, severe headache and left 6th cranial
nerve palsy. Enhanced CT scans (a) show marked generalized meningeal enhancement. Patient
passed away, and postmortem gross specimen (b) revealed mucoid whitish appearance over the
brain most marked in the Sylvain fissures and post-central sulcus

trast enhancement are diagnostic of encephalitis. When these CT signs are clinically
associated with rapidly progressing dementia, PML (progressive multifocal leuko-
encephalopathy) is the likely cause [22]. In one patient with PML we confirmed the
diagnosis at postmortem with histological.

HIV encephalitis gives fairly symmetrical white matter hypodense lesions which
have no mass effect and do not enhance. Histologically in PML the abnormalities
are due to the JC papovirus damaging the oligodendrocytes resulting in edema and
demyelination. Necrosis may ensue ultimately [2]. MRI is more sensitive at diag-
nosing these white matter lesions [23, 24].
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Fig. 15.6 Female 58 y.o. HIV encephalitis with diabetes mellitus. Encephalitis is evident in pres-
ence of hypodense lesions in the white matter (arrows) of the frontal and parietal lobe. Patient had
convulsions associated with mental confusion. CD-4 355, toxin negative

Fig. 15.7 Male 8 y.o. with HIV encephalopathy with epilepsy and marked atrophy in left cerebral
hemisphere (arrow)



Fig. 15.8 Female 13 y.o. with HIV Encephalitis with brain swelling on ART holiday due to poor
adherence and severe bone marrow suppression. On TB treatment also has very low CD4-2 cells.
Clinical presentation with dizziness, and vomiting

Fig. 15.9 A 58 y.o. female with bilateral infarcts in internal capsule (arrows) and left-sided hemi-
plegia. No response to high-dose septrin
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Cases 3, 4, 5 and 6 (Figs. 15.6, 15.7, 15.8, and 15.9) demonstrate the diverse
effects of encephalitis on the brain including atrophy, and hypo density in the white
matter and also resultant neuronal degeneration within the brain.

The neurological findings in Case 6 (Fig. 15.9) acutely in this patient were simi-
lar to those of a stroke but in this HIV positive patient one should also remember
that lymphomas cause chronic necrotising inflammation of the brain that appears as
necrotic foci in which tachyzoites and/or cysts can be seen which were seen here.

Lymphoma

Primary intracranial Lymphoma which behaves like Toxoplasmosis on contrasted
CCT scans is the second commonest cause of brain mass lesions [25]. Lymphoma,
Metastatic Kaposi’s sarcoma and thrombocytopenia may lead to intracerebral
haemorrhage [26, 27]. It should however be remembered that in the immune sup-
pressed, primary intracerebral lymphoma tends to be peripherally located and this
may help differentiate it from Toxoplasmosis. Focal contrast enhancing lesions may
be due to Crytococcoses can be diagnosed more readily with laboratory backup.
Granulomas associated with these two are usually cortical in location with accom-
panying features of meningitis. Toxoplasmosis and Lymphomas have similar CT
features. They usually appear as multiple enhancing mass lesions in the basal gan-
glia and white matter [7].

Case 7 (Fig. 15.10) is an example of the effects of a lymphoma on the brain.

Other causes of white matter lesions which are difficult to confirm purely from
CT features are HIV encephalitis, PML and other viral encephalitides [2, 18].

Notable abnormalities in meningitis include obliteration of the basal cisterns and
contrast enhancements of the leptomeninges, however a normal brain CT scan may
be found in early meningitis.

Empyemas appear as hypodense or isodense, crescentic extra-cerebral fluid col-
lections. There is usually accompanying adjacent meningeal enhancement with or
without cerebritis of the underlying cortex.

Cerebral Atrophy

Cortical atrophy is a common non-specific finding. It is commonly associated with
infection of the CNS by HIV or other viruses. Widened sulcal spaces with accom-
panying ventriculo-megally are also frequent finding in HIV infected as a sign of
brain volume loss commonly referred to as atrophy. In a study by Levy RM and
co-workers, 200 patients with AIDS were reviewed and CCT revealed that 40 % of
these patients with neurological symptoms had brain atrophy [28]. Case 8
(Fig. 15.11) is an example of cortical atrophy with widening of the sulci throughout
the brain and seen in HIV positive patients.

Cerebral edema from inflammatory processes also masks the atrophy. Brain atrophy
in AIDS patients is thought to be due to viral encephalitides and cerebral toxoplasmosis.
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Fig. 15.10 Female 38 y.o. lymphoma with cortical atrophy, seropositive on TB treatment and
ARV with convulsions and not speaking. Blood sugar normal but no LP done due to increased
intracranial pressure

Fig. 15.11 Male 40 y.o. HIV positive with cortical atrophy, mental confusion associated with on
and off headache
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Fig. 15.12 Acute intracerebral hematoma. A 28 year old HIV positive female presented with his-
tory of menorrhagia and later developed left sided hemiparesis. Non-contrasted scans show hyper
dense white matter frontal lobe lesion suggestive of acute intra-cerebral hematoma

Severe atrophy is not indicative of dementia. Other causes of dementia like Alzheimer’s
disease, neuro-syphilis, should be investigated for and excluded.

The commonest radiological diagnosis is normal CCT scan, followed by menin-
gitis. Posterior fossa lesions can be obscured by beam hardening artifacts even when
thin slices are used thus giving false negative results. MRI is the imaging modality
of choice for this area.

Intracranial Hemorrhage

Brain infarcts are a rare finding (1.3 %). Predisposing factors include non-bacterial
thrombotic endocarditis, Herpes arteritis. In Case 9 (Fig. 15.12) an HIV patient with
an intracerebral hematoma this patient was not hypertensive and did not have a his-
tory of trauma had CT features of acute intra-cerebral hemorrhage. The patient had
thrombocytopenia. It was later confirmed in this patient that low platelet count was
the predisposing factor.

The mechanism by which HIV mediates thrombocytopenia is uncertain but the
concurrent effects of medications and opportunistic infections may be considered.
It has been postulated that production of auto-antibodies, hormonal inhibitory fac-
tors, T-cell mediated suppression of hemopoiesis and inhibitory cytokines may be
contributory to the thrombocytopenia [29, 30].
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Discussion

It has been noted that neurological complications occur in 40—-80 % of patients with
HIV infection [1], while in study 48 % of patients with intracranial pathology seen
at CT were HIV infected. In our study 75.2 % of the HIV infected with associated
CNS symptoms have abnormalities detectable at CT. At times neurological diseases
may be the first clinical evidence of HIV infection.

Opportunistic Infections Associated with HIV

The most frequently identified HIV/AIDS related central nervous system diagnoses
such as cryptococcal meningitis, Toxoplasmosis, HIV dementia, encephalitis, pri-
mary central nervous system lymphoma and progressive multifocal leuco-
encephalopathy have characteristics clinical and CT features. We also noted these
lesions in our study.

Primary central nervous system Lymphomas in the AIDS patients as noted by
others has almost similar appearance to Toxoplasmosis at CT [2]. Brain abscesses
have a characteristic “doughnut” appearance on enhanced CT scans. The hypo
dense center is non-viable debris; the ring enhancement represents the abscess cap-
sule and the peripheral hypodense area, surrounding edema. Toxoplasmosis
abscesses tend to be located in the basal ganglia and white matter.

Most encephalitides are associated with little or no change in CT appearance of
the brain. Low attenuation areas without focal enhancement may be the finding. In
early stages of meningitis, CT examination may be normal. Obliteration or narrow-
ing of the basal cisterns and enhancement of the leptomeninges are the notable
abnormalities in meningitis.

Empyemas appear as a hypodense or isodense crescentic, extra-axial collection.
Empyemas are associated with adjacent meningeal enhancement and cerebritis of
the underlying cortex although this is not a constant feature [1, 18-20].

Lymphomatous meningitis appears as diffuse meningeal enhancement at CT and
the malignant cells are detectable in CSF. Metastatic Kaposi’s sarcoma to the brain
although very rare, will appear as ring enhancing lesions with surrounding edema [2].

Epidemiology of HIV in Sub-Saharan Africa: Uganda’s
Perspective

HIV-I infection was first recognized in Uganda in 1982. By the end of 1995, approx-
imately 1.5 million Ugandans were infected with HIV largely through heterosexual
transmission [31]. The HIV sero-prevalence was also measured and risk behavior
assessed in three longitudinal cohorts of Ugandan regular military assembled between
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1992 and 1995. The results from this study demonstrated that Uganda Military
recruits had a high but stable HIV sero-prevalence rate [32, 33].

From 1990 to 1992 a study on the crude prevalence of HIV in a rural community
with a mature epidemic was done, although this may have been a misleading indica-
tor of the course of the epidemic [34]. Following this many studies were carried out
in Uganda about the incidence, prevalence and risk factors for HIV infection in dif-
ferent communities [31-36].

Cases of TB and Cancer

Cases of tuberculosis infection increased dramatically and a corresponding increase
in extra-pulmonary TB among the HIV infected individual was noted. The sero-
prevalence for HIV among patients with TB was 40-47 % [37]. Tuberculosis may
present as meningitis, meningo-encephalitis or as tuberculous abscesses.
Tuberculomas may be single or multiple, of varying sizes, with variable degree of
contrast uptake. Tuberculomas are usually located in the grey matter. Basal exudates
which obliterate the basal cisterns are a common finding as well as beading of the
arteries that form the circle of Willis [1, 18-20].

Likewise, the trend of cancers in Kampala-Uganda changed in the AIDS area
[38]. This was thought be due to reduce immunity making the victims vulnerable to
viruses associated with cancer, in addition to other factors [38, 39]. To date, there is
apparent relationship between HIV and Lymphomas documented, but most striking
feature has been emergency of Kaposi’s Sarcoma as the leading cancer in males and
second most frequent cancer in females [38, 39].

Indeterminate group pose dilemma, and there is a need for more advanced
imaging techniques, laboratory tests and histopathology diagnosis. Pyogenic men-
ingitis is still common in the HIV infected. CT scan examination was normal for 2
patients with cerebral malaria. The cause of subacute subdural hematoma and
empyema was uncertain.

Clinical Presentation Gender Data

There is equal gender distribution of HIV infected patients with CNS symptoms in
the Uganda case studies, which could be due to heterosexual transmission of HIV as
compared to homosexual and intravenous drugs use in the western world [40]. The
bimodal peak of male who are HIV infected and with CNS symptoms for age distri-
bution (30-35 years and 40—45 years) and a single age peak for females (30—
35 years) could be due to the practice of cross generational sex.
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Conclusion

In this study 48 % of patients with intracranial pathology seen at CT were HIV
infected. In this group 75.2 % of the HIV infected with associated CNS symptoms
have abnormalities detectable at CT. Focal neurological signs are related to the pres-
ence of brain lesions at CT scan. Radiological appearances of these lesions are simi-
lar to those described in literature. Cerebro-vascular diseases are common in HIV
infected patients but cerebral tumors are rare in HI'V infected.
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Chapter 16
Neuropsychological Cases in a Low-Income
National Referral Hospital

Janet Nakigudde

Abstract Neuropsychological assessment in Low and Middle Income Countries
(LMIC) is clearly in its infancy. Often there are no neuropsychologists making it a
big area of challenge for neuropsychology in the LMIC, especially in Africa, includ-
ing Uganda.

This chapter will review cases of adult patients who suffered from cognitive defi-
cits including dementia, that underwent psychometric assessment. However the
tests that were done were limited showing a need to do more specific and compre-
hensive tests in order to ascertain the nature of dementias or other lesions which the
different patients had. This calls for advanced training and obtaining the necessary
testing tools as a means to advance the field of neuropsychology and assessment in
Uganda.

Keywords Neuropsychology ¢ Assessment ®* Dementia ®* Low and middle income
country * Alcohol * Trauma * HIV/AIDS

Background

Neuropsychology is a discipline entity that is concerned with the way behavior is
expressed in brain dysfunction [1]. It is a quantitative assessment of obtaining infor-
mation regarding behavior and brain functioning. Whereas this discipline has
evolved since the first and second World Wars in Europe and the US, it is a recent
phenomenon in Africa and it is clearly in its infancy. In Sub-Sahara Africa, South
Africa is the leading neuropsychology site but still with only a burgeoning specialty
[2]. Elsewhere in the rest of Sub Saharan Africa as in most Low and Middle Income
Countries (LMIC), neuropsychology is taught at university in the departments of
Psychology but mainly as an elementary introduction course unit for the Masters
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programs in Psychology. As such not much is done in the way of assessing neuro-
psychological disorders, and rehabilitation of individuals of these disorders.
Considering that Sub Sahara Africa has one of the highest prevalence of infectious
diseases including HIV and its related neurological complications, and also that
Africa has one of the highest alcohol consumption rates and subsequently high inci-
dences of accidents there is a need to pay attention to this young discipline as a way
of furthering management of neuropsychological/neuropsychiatric cases in these
low income settings. Although Uganda has a relatively young population with over
50 % of the population comprising of children of 015 years, the country still has a
population that gets into old age. This subsequently exposes the elderly to geriatric
neuropsychological complications requiring assessment and rehabilitation.

Infections may affect behavior and brain functioning and it is well documented
that HIV/AIDS will commonly manifest with neurological impairments [3].
Neuropsychological screening and assessment of HIV-infected patients will typi-
cally show cognitive deficits in psychomotor speed, attention and frontal lobe func-
tion as well as in verbal and non-verbal memory [4]. The following case report
illustrates a typical patient with HIV neurological complications in the Ugandan
setting.

HIV/AIDS Associated Dementia JB was a 74 year old male retired civil servant
with an education level of 16 years. He was referred by a psychiatrist to a psycholo-
gist for psychometric assessment because of progressive forgetfulness and a change
in his behavior. His wife reported that prior to the change in behavior, the patient
was known to be financially responsible and would not carelessly spend his money.
Collateral history showed that the patient was sexually and financially disinhibited
at the time of referral. With changes in his behavior, the patient gradually became
more and more extravagant and was progressively unable to account of how he was
spending money. This caused a financial loss to the family and alarmed his wife. The
patient was also easily suggestible and he would readily agree to other people’s sug-
gestions regarding his estate. This caused intense distress to the family because they
feared that they would lose their property if he sold it. They wanted something to be
done. JB had no previous psychiatric history and he did not abuse alcohol or drugs.
Whereas he was previously a well kempt elderly man, he had stopped taking care of
himself and would spend many days without bathing. He, however, readily took a
shower whenever it was pointed out that he had not had a shower in a long time. He
would also readily change into fresh clothes if this was also pointed out to him.

On cognitive testing, the patient was well oriented in time and place. He however
did not perform as was expected for an individual with his academic background on
attention and concentration. His performance on memory-recall was poor (0/5) and
his recognition was average (5/7). His anterograde and retrograde memory were
average (5/7 and 4/4) respectively. Verbally, the client performed averagely (4/7 and
4/7) respectively. He could comprehend instructions and his writing was still clear.
When told to repeat words (immediate recall), the client was good at this task. He
was also good at the naming and reading tasks. Long term memory was impaired.
His visuo-spatial tasks were poorly done. However his perceptual abilities were
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intact. The cognitive assessment coupled with the collateral history was suggestive
of dementia. A recommended HIV serological test turned out positive but Syphilis
serology was negative. As to whether this man also had an age-related dementia,
such as Alzheimer’s Dementia remains an unanswered question. This is a common
dilemma in LMIC in this age group.

Intoxications are another common cause of brain damage calling for neuropsy-
chological assessment. Chronic consumption of alcohol is often indicated in cogni-
tive impairment in LMIC [5]. The following is an illustrative case of a patient that
had been abusing alcohol and was referred to be cognitively assessed. It often occurs
in middle aged males, younger than the age-related dementias.

Case A: Alcoholic Dementia PM was a 54 year old highly educated individual
who was a Chief Executive Officer (CEO) of an international company. Collateral
history from his wife indicated that he was progressively becoming forgetful. He
could however still drive himself to his workplace. He had developed anxiety prob-
ably because he had realized that he was losing his memory and would often forget
important things including job-related appointments. He was signing important
documents without proper scrutiny of what was in the documents and his colleagues
were concerned that this could lead to financial loss to the company if he continued
working in his capacity as CEO. It is this pressure at work that was the reason for
the referral for psychological assessment.

PM had overt memory loss as was evidenced by his lack of recognition of a son
whom he had not seen in a year. His Activities of Daily Living, ADLs, were very
compromised. He had challenges with dressing himself. He also had challenges
with finding his way around the house that he had stayed in all his married life. He
had challenges describing what he had had for breakfast that day. He had difficulties
with both his long and short memories. He also had challenges with abstract reason-
ing and he commonly resorted to confabulating. His scores on the Wechsler Adult
Intelligence Scale (WAIS) subtests were lower than expected for an individual of his
level of education, socioeconomic status and age. On behavior observation, it was
noted that he was not able to walk unaided and supported because he had developed
an imbalance. His HIV and Syphilis serological status were negative and apart from
his abusing alcohol there were no other reported explanations for his rapid progres-
sive memory loss. It was not possible to do expensive investigations such as MRI
and brain CT scan as he could not afford them and he had no health insurance. This
would have complemented our findings. Such is a common scenario in LMIC, such
as Uganda.

Case B SM was a 46 year old male who had been educated in the USA and was a
lawyer. He was currently unemployed. He was referred because he was progres-
sively becoming forgetful of where he would place his money and as such would
complain that other people were taking his money. The client had no known physi-
cal illnesses and he appeared healthy. Although he denied that he was a regular
alcohol user, his sister reported that while growing up, he (the client) always had a
beer can! He had started abusing alcohol from a very early age in secondary school.
On interviewing the client, he had challenges recalling where he had attended grad-
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uate school. Whereas the patient performed well on the cognitive domains of
fluency, and averagely on attention and orientation, language and visiospartial, he
performed poorly on memory. The cognitive assessment was indicated that he had
challenges with thinking and recall. He would confabulate responses when asked a
question to which he could not recall the answer.

Age-Related Dementias With Behavioral and Psychological Symptoms of
Dementis, BPSD These cases usually present in the elderly and often require neu-
ropsychological assessment in the geriatric population. The following two cases are
illustrative:

CaseI BM was a 76 year old male with 11 years of formal education. He was mar-
ried and was brought in by his daughter. He was referred for a psychological assess-
ment because of impairment in his activities of daily living and wild accusations
that he could hear strangers who came to his house in the night to make love to his
72 year old wife. The client had no known physical illness. He did not take alcohol
or drugs. He had never had any previous psychiatric illness. He however realized
that he had memory problems and whenever he was asked a question, he would ask
his daughter to respond on his behalf. He was using his daughter as the device to
help him fill in his memory gaps. On cognitive assessment, the client refused to
make any attempts on drawing. The Addenbrooke’s Cognitive Examination showed
that he had challenges in areas of attention and orientation, language, visuospatial,
fluency and memory. These were severe enough to impair the client’s daily func-
tioning. He also had fixed paranoid delusions and auditory hallucinations, accusing
his wife of 50 years to be having affairs. Indeed he wanted to ask for a divorce to the
chagrin of his already grown up children. Sometimes he would wake up in the
middle of the night to go and beat off the strangers he complained of. He had demen-
tia associated with the “Behavioral and Psychological Symptoms of Dementia,
BPSD”. We were not able to ascertain the nature of the dementia as he could not
afford expensive investigations.

Case II YK was a 76 year old male who presented to the national referral hospital
for assessment because of family disharmony and attempted suicide coupled with
progressive memory loss. The client was well educated and held a post-graduate
university degree. He was relatively a successful entrepreneur and administrator.
Collateral history showed that there was a history of dementia on his paternal side.
The client was hypertensive and he also had a hearing impairment. For several
years, the patient would accuse his house help for wanting to poison him. Later he
started accusing his wife for wanting to poison him. He began perceiving that every-
one around him wanted to harm him and he had become highly suspicious. He
would forget where he had placed his medications and would then accuse others of
wanting him dead by hiding his medications. He also forgot where he had put (hid-
den) his money and then accused others of having stolen it. On observation, the
client was slow in his movements but he had been very belligerent at the time he had
been admitted to hospital and had been sedated. This could have been the reason for
his apparent slow movement. He did not abuse alcohol or drugs and his physical
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examination and laboratory tests were unremarkable. The brain CT and MRI scans
had shown widespread cortical atrophy, more marked in the frontal and temporal
lobe areas.

The patient was tested on a number of cognitive domains including executive
functioning, attention, language, abstraction, delayed recall, orientation, memory and
fluency. Using the Addenbrooke’s cognitive examination the patient scored 51 out of
a possible score of 100. With a cut off score of 82, this patient presented with demen-
tia of a moderate degree of severity associated with Behavioral and Psychological
Symptoms of Dementia, BPSD. A hearing aid was recommended as part of his
treatment.In both cases I and II above, anti-dementia treatment had to be combined
with family therapy interventions and medications to counteract the BPSD.

Neuropsychological assessment of children is even rarer and in many cases there
are no child neuropsychologists. This remains a big area of challenge for neuropsy-
chology in LMIC, especially in Africa, including Uganda.

Conclusion

Neuropsychological assessment in low income settings is clearly in its infancy.
Although all the above cases indicate that the patients suffered from cognitive defi-
cits and that they had dementia, there was still need to do more specific and compre-
hensive tests in regard to ascertain the nature of dementia which the different
patients had. This calls for advanced training and obtaining the necessary measures
and testing tools as well as equipment to complement the scant measures that are
available in these low income settings.
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Chapter 17
A Case of Alzheimer’s Dementia in Uganda

Justine Diana Namuli

Abstract Literature on the prevalence of dementia and its different types in Uganda
is scanty. In the Ugandan clinical setting, in addition to Alzheimer’s disease and the
vascular dementias, the other common causes of dementia include infections (com-
monly HIV and Syphilis), substance abuse (alcohol), trauma (road traffic accidents)
and nutritional deficiencies (vitamin B-12). Uganda has a population of about 35
million people, with life expectancy at birth of the total population is at 53.45 years,
which puts her at 204th in the world. About 2.1 % of the total Ugandan population
is over 65 % and 4.6 % is over 60. These figures are expected to rise, but as it is, the
epidemiological data may not necessarily follow world trends due to the prevalence
of other killer diseases notably HIV/AIDS. A Ugandan study found that 13.2 % of
all elderly patients of >60 years admitted on non-psychiatric wards had dementia
followed by depression as the two most common psychiatric diseases of the elderly.
In keeping with WHO recommendations for Low and Middle Income Countries
(LMIC) with young populations, the cut off age to be considered elderly is >60 years
in Uganda. This chapter presents a case of Alzheimer’s Dementia illustrating the
challenges of care and management of this disease in a Ugandan African setting.

Keywords Alzheimer’s disease * Dementia ¢ Activities of daily living ¢ Care *
Behavioral and Psychological Symptoms of Dementia (BPSD)  Anticholinesterase
inhibitors
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AD Alzheimer’s Disease

ADL Activities of Daily Living
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HIV Human Immunodeficiency Virus
MMSE Mini Mental State Examination
MRI Magnetic Resonance Imaging
UBOS Uganda Bureau of Statistics
Introduction

Dementia is a progressive impairment of cognitive functioning of the brain occur-
ring in clear consciousness. It is a common manifestation of brain degeneration
from a variety causes, but occurs mostly in old age. Dementia consists of a variety
of symptoms that suggest chronic and widespread cognitive dysfunction. Global
impairment of intellect is the essential feature, manifested as difficulty with mem-
ory, attention, thinking and comprehension. Other mental functions can often be
affected, including personality, mood, judgment, perception and behavior [1]. All
dementias have certain common elements that result in significant impairment in
social or occupational functioning and cause a significant decline from a previous
level of functioning. The disorder can be progressive or static, permanent or revers-
ible. The reversibility of dementia is related to the underlying pathological condi-
tion and to the availability and application of effective treatment.

According to the 2002 World Health Organization report, the number of people
with dementia worldwide is expected to double to 65.7 million in 2030 and more
than triple to 115.4 million by 2050. This is partially explained by the general
increase in life expectancy globally. More people are now expected to live beyond
the age of 60. As it is, dementia unfortunately targets these demographics and there-
fore the projected increase in its prevalence is not at all unexpected.

The most common type of dementia is Alzheimer’s dementia which accounts for
50-60 % of all dementias [1]. The second most common type of dementia is vascu-
lar dementia, which is causally related to cerebrovascular disease especially hyper-
tension. Vascular dementias account for 15-30 % of all dementias. Vascular
dementia is most common in persons between the ages of 60 and 70 and is more
common in men than in women. Approximately 10-15 % of patients have coexist-
ing vascular dementia and dementia of the Alzheimer’s type, otherwise called mixed
dementia [1].

Other causes of dementia each represent 1-5 % of all cases and they include head
trauma, alcohol-related dementias and various movement disorder-related demen-
tias, such as Huntington’s disease and Parkinson’s disease [1]. Because dementia is
a fairly general syndrome, it has many causes, and clinicians must embark on a
careful clinical workup of a patient with dementia to establish the cause.

The prevalence of dementia and its different types in Uganda is scanty. In the
Ugandan clinical setting, in addition to Alzheimer’s disease and the vascular demen-
tias, the other common causes of dementia include infections (commonly HIV and
Syphilis), substance abuse (alcohol), trauma (road traffic accidents) and nutritional
deficiencies (vitamin B-12). Uganda has a population of about 35 million people,
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with life expectancy at birth of the total population at 53.45 years, which puts her at
204th in the world [2]. About 2.1 % of the total Ugandan population is over 65 years
old [3]. These figures are expected to rise, but as it is, the epidemiological data may
not necessarily follow world trends. A Ugandan study found that 13.2 % of all
elderly patients of >60 years admitted on non-psychiatric wards had dementia [4].
In keeping with WHO recommendations for Low and Middle Income Countries
(LMIC) with young populations, the cut off age to be considered elderly is >60 years
in Uganda.

Alzheimer’s Disease (AD)

First described in 1907 in a 51-year-old woman by Professor Alois Alzheimer,
Alzheimer’s disease (AD) is one of the top ten leading causes of death in the United
States [5]. It is the sixth leading cause of death among American adults, and the fifth
leading cause of death for adults aged 65 years and older [5]. An estimated 5.4 mil-
lion Americans have Alzheimer’s disease. This number has doubled since 1980, and
is expected to be as high as 16 million by 2050 [6]. In 2011, the total Medicare and
Medicaid spending for individuals with AD was estimated at $130 billion [7].

Gender differences in the incidence rates of AD indicate women to have a higher
risk of developing AD particularly in the population older than 85 years [8].
Conservative estimates suggest that 1 in 20 persons age 65 and older, 1 in 4 persons
age 80 and older, and half of persons age 95 and older have Alzheimer’s disease [9].
Thus after age of 65 years when the prevalence is 5 %, the prevalence of AD
increases by 1 % for every year lived. In Africa, little has been done to estimate the
prevalence of AD in the general population. In a study of elderly patients attending
psychiatric services at Mulago National Referral hospital in Uganda, dementia was
second to depression as the most common reason for seeking psychiatric care
amongst the elderly [10].

Below is a case of Alzheimer’s dementia that presented to the Uganda National
referral Mulago Hospital Mental Health clinic on police request, following a land
dispute.

Case Report of Alzheimer’s Dementia

S.N. was a 69 year old Ugandan married man from Kampala district of Uganda. He
worked as a Muslim cleric, who taught religious studies for a job. He had previously
been a businessman before retiring into religious teaching. He was married with six
wives and 25 children.

He presented to the Mental Health Clinic in Mulago Hospital on 12/3/2010
accompanied by his daughter, a psychiatric nurse, with complaints of forgetfulness
for 1 year, signing land-sale documents he couldn’t remember, and feeling sad for
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more than 2 weeks. The history was taken collaterally from his daughter as he,
himself, could not give a good account of himself.

In the previous 1 year before presentation to hospital, S.N. had become increas-
ingly forgetful. This begun with forgetting such common things as names of people
including his relatives, his children and close friends and it progressed to forgetting
important religious events, including his dutiful religious recitation prayers, despite
being an Islamic preacher. He often failed to pick his change from grocery stores,
often left bought items behind in shops and was unable to calculate his money. S.N.
was seen to have progressively worsened in his memory to the point that he trans-
acted a sale of his land, relinquishing it together with its accompanying documents
but later he neither remembered the sale nor the buyer and he denied having ever
sold his land, prompting the buyer to report and file a court case against S.N. to the
police. Three months prior to this consultation, S.N. was reported to have wandered
away from home, got lost and failed to trace his way back home, only to be picked
up by a good Samaritan who brought him back to his home.

S.N’s previous psychiatric history was unremarkable, with no psychiatric illness
whatsoever in the past nor any psychiatric admissions or treatments. He neither used
alcohol nor drugs of abuse. He was physically healthy with no hypertension and no
diabetes mellitus. He had no history of sudden falls or trauma to his head. He had
no history of seizures or headaches.

He was married to six wives but currently three had left. He had 25 children but
he would no longer identify them all. He had a son with bipolar affective disorder.
There was no history of dementia in his family.

Prior to the onset of AD, S.N. was an outgoing, social, active religious person
with many friends. He was described as hardworking and a successful businessman.
His hobbies included visiting people and listening to radio for news and world hap-
penings. He had only one previous history of involvement with the law in the land
matter which had caused a dispute and this was the main reason police referred him
for psychiatric assessment.

The initial Mental State Examination showed an elderly gentleman, dressed
appropriately in traditional Ugandan attire (kanzu). He was well groomed and was
in fairly good nutritional state. His speech was labored in search of words and he
seemed to refer most of the questions to his daughter for answers. There was no
thought disorder and no perceptual disturbances elicited. He was alert and fully
conscious; however, he was disoriented in time, place and person. He could not
sustain attention and his concentration was equally impaired. He had intact immedi-
ate registration in memory, but 5-min recall, intermediate, short term and long term
memories were all impaired as he could not recall ideas discussed at the beginning
of the interview, and recent and past events in the country did not seem to mean
anything to him.

His judgment for safety, social and abstraction were all impaired as he could not
clearly explain how to get out when faced with danger, could not maintain social
etiquette and could not interpret simple and common proverbs. He lacked insight
into his illness.
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Fig. 17.1 Image of S.N.’s
brain CT scan

AIN CT SCAN.

Investigations included the Mini Mental Status Examination, MMSE, where he
scored 9/30. He had negative serology for HIV and Syphilis. He had normal values
for Complete Blood Count, serum vitamin B-12, liver, thyroid and renal function
tests as well as normal lipid profile and cardiac function by echocardiography
and EKG.

S.N.’s brain CT scan showed features suggestive of brain atrophy, most promi-
nently in the fronto-temporal areas (Fig. 17.1). His brain CT Scan report read:

The Lateral and 3rd ventricles are widened. The 4thVentricle is normal. The ambiens and

basal cisterns are normal. The Sylvian fissures are prominent. The midbrain, cerebellum are

normal There is sulcial widening of =11 mm. Features are suggestive of Brain Atrophy
more marked in the Frontal and Temporal lobes.

A diagnosis of Alzheimer’s dementia complicated by depression was made.
S.N.’s biological management included administering the cholinesterase inhibitor
Donepezil and the antidepressant Imipramine. Social management involved psycho-
education of the family about the nature of AD illness, its course and prognosis and
how to care for him including Activities of Daily living (ADL)

At 1 month follow up S.N. reported improved sleep and mood and the antide-
pressant of Imipramine was later withdrawn after a few months. However, the mem-
ory was still impaired. He later developed behavioral and psychological symptoms
of dementia (BPSD), which included wandering away from home, talking to him-
self, easily getting irritated and wanting to strike out. Risperidone was added to his
treatment with good effect. Later memantine was added to the Donepezil as the two
anti-dementia cholinesterase inhibitor drugs of choice in the maximum recom-
mended dosages. However compliance with medication was a problem because of
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the use of alternative herbal medicine as suggested by his relatives who were
alarmed by his progressive deterioration. At his last clinic visit he had been off the
prescribed drugs for 4 months, and his memory was grossly impaired. He was stam-
mering grossly in his and his ADLs had deteriorated necessitating more assistance
in his daily care. At times he would urinate in presence of his grandchildren and had
to be assisted for dressing, although he could feed and bathe himself. S.N died
3 years after diagnosis of AD.

Discussion

This is a case of Alzheimer’s dementia with typical clinical presentation. This
patient reportedly developed symptoms at the age of 68 years which falls in the age
range of onset of Alzheimer’s disease. For over a year, impaired memory was his
first symptom and it went on deteriorating. He delayed seeking medical attention
because family members thought his memory problems were associated to normal
aging. He was involved in a police case after selling his land and denied the pur-
chaser to access it, yet he acknowledged receipt of money and even had the signed
land documents. This made the family realize that he could be having a problem of
memory and comprehension.

In a Ugandan clinical setting, like in all low income countries, there is a limita-
tion on biological investigations. For example we could not do MRI-scans.
Alzheimer’s dementia is thus often a clinical diagnosis based on exclusion.

Legal complications often come in AD and often this poses legal wrangles for
example whether this gentleman was in his rightful mind at the time he sold his
land, or whether he was having a lucid interval. One usually has to rely on family
understandings and agreements. In this case, the matter was resolved later between
the family and the land purchaser who returned the money, and the family obtained
their land.

In Africa, including Uganda, people have a culture of seeking alternative modes
of treatment once they are diagnosed with chronic unrelenting illnesses with no
medical cure. In this patient the family members resorted to use of traditional herbal
medicine when they realized that their relative was diagnosed with an incurable
disease. Sometimes, relatives often invoke witchcraft.

The cost and burden of care for AD can be staggering. In western countries, for
example USA, over 15 million Americans provide unpaid care for persons with
Alzheimer’s disease or other dementias [7]. Such services, including Nursing homes
for the aged, lack in developing countries. The unpaid caregivers are primarily fam-
ily members, hence causing a heavy care burden to family and friends. However,
traditional African cultural systems are fast disappearing and the extended family
system has been extended to its limits due to changes to a cash economy and it no
longer holds. Yet, there are no social or government agencies for the care of the old
and demented. Thus in Uganda, as a country, care of the elderly demented is thus a
challenge and it is mostly done by family just as this patient was being taken care of
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by the daughter. Over 80 % of the care for the elderly demented is provided at home
by family caregiver. Fewer than 10 % of older demented adults receive their care
from paid workers [11]. Caring for a person with Alzheimer’s dementia or other
dementias is often very difficult, and many family and other unpaid caregivers expe-
rience high levels of emotional stress and depression. Time spent on caregiving often
has a negative impact on health, employment, income and the family finances [12].

The good prognostic factors in this patient were there being no family history of
dementia and no history of cardiovascular disease, hence rules out a possibility of
mixed vascular and Alzheimer’s dementia. He did not use alcohol or abuse drugs
and he had the daughter’s support.

The poor prognostic factors included early age of on set, poor adherence to pre-
scribed treatment as the family preferred using traditional herbal medicine. The
patient had no insight into his illness, had on and off Behavioral and Psychological
Symptoms of Dementia and his memory was deteriorating fast. Thus overall, the
prognosis was poor as happens in most cases of AD.

Conclusion

There is a need for health care professionals even in developing countries, to be
trained in geriatrics. Old age is escalating, but with few healthcare providers.
Geriatric services should be incorporated at all levels of health care. This calls for
more research and funding in this growing area of medicine.
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Chapter 18
A Case Report of Mania and Glioma

Nolbert Gumisiriza

Abstract It is well established that many physical illnesses either present as or
have a component of neuropsychiatric symptoms. Moreover, due to cultural or
social influences, patients may present their psychiatric illness in form of somatised
physical symptoms. It becomes a diagnostic challenge when a patient presents with
concurrent primary psychiatric illness and concurrent organic brain disease. Such a
scenario is not uncommon in brain degenerative disorders where Central Nervous
System malignancy often causes diagnostic confusion when accompanied by psy-
chiatric symptoms. This chapter discusses a case of a patient who, for a long period,
was managed for a mood disorder and later discovered to be having a temporo-
parieto-frontal brain mass. The patient was a 32 year old female, with a sporadic
history of a mood disorder for the past 13 years characterized by episodes of mania
and depression. Her first manic episode was at 19 years of age which was treated
successfully with antipsychotics and mood stabilizers at a mental institution. She
then developed severe but intermittent right sided headaches which were later asso-
ciated with photophobia and blurred vision but no vomiting, no postural changes
and no cognitive or convulsive symptoms. Subsequent CT and MRI scan examina-
tions revealed a right-sided temporo-parieto-frontal brain mass which was success-
fully surgically resected although she continued to need her psychotropic
medications for mood stabilization.

Regardless of how small the statistical numbers are, brain tumors occur and are
on a gradual increase in Africa, representing an aspect of potentially curable brain
degeneration if caught early. It is therefore highly recommended that neuroimaging
be carried out in the following cases: all patients with an index psychiatric episode
especially of late onset (>30 years), patients with atypical presentations, patients
with psychiatric presentations accompanied by specific neurologic or neurobehav-
ioral changes and patients with poor response to psychopharmacologic treatment.
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Introduction

It is well established that many physical illnesses either present as or have a compo-
nent of neuropsychiatric symptoms [1]. Due to cultural or social influences, patients
may present their psychiatric illness in form of somatised physical symptoms. It
becomes a diagnostic challenge when a patient presents with concurrent primary
psychiatric illness and conditions directly affecting the brain. Such a scenario is not
uncommon in degenerative disorders of the brain. Central Nervous System malig-
nancy is one form of brain degeneration that often causes diagnostic confusion
when it presents with psychiatric symptomatology. This chapter discusses a case of
a patient who, for a long period, was managed for a mood disorder and later discov-
ered to be having a temporo-parieto-frontal brain mass. The case posed questions as
to whether her psychiatric symptoms were caused by the brain tumor or she devel-
oped the tumor at a later stage of a primary psychiatric illness.

Cancer is a steadily increasing concern in the African region. A report by WHO
estimated that worldwide, 680,000 adults succumbed to cancer in 2008, a number
that is greater than the combined deaths of Tuberculosis, Malaria, HIV and AIDS in
that year. Over 70 % of these deaths occurred in developing countries [2]. The most
common types of cancers registered in Uganda are cervical cancer (22 %), Kaposi
sarcoma cancer (19 %) and breast cancer (13 %) in adult females while in adult
males, the figures are; Kaposi sarcoma (29 %), prostate cancer (12 %) and Non
Hodgkin’s lymphoma (10 %) [2, 3]. Brain and central nervous system cancers are
not so common worldwide and this remains the trend in Uganda with a prevalence
of 0.5 % in males and 0.6 % in females of all registered cancers [3].

Brain tumors can originate in the brain itself (primary brain tumors) or involve
the brain as a metastatic site mostly from lungs or breasts (secondary brain tumors).
In general, symptoms of brain tumors may include: recurring or persistent dull
headaches, vomiting, dizziness, seizures, photophobia, weakness or paralysis in a
part of the body, changes in sensory perceptions like vision and hearing and changes
in personality and/or thought processes. The latter often gets confused with primary
psychiatric illness. Sometimes, brain neoplasms are mimicked by intracranial space
occupying lesions like abscesses, cysts, arteriovenous malformations, aneurysms,
cerebral hemorrhage, subdural hematomas, sarcoidosis, tuberculomas, other granu-
lomas and parasites.

Up to 50 % of patients with brain tumors reportedly have manifestations of a
psychiatric nature [4]. Patients can present with depression, mania, psychosis, anxi-
ety, apathy, cognitive or personality changes, and even anorexia nervosa [5]. Several
factors influence the nature of neuropsychiatric symptoms exhibited by the tumor.
These include: the location of the tumor in the brain, extent of tumor involvement,
the rapidity of its growth, its propensity to cause increased intracranial pressure, the
patient’s premorbid psychiatric history, level of functioning, and characteristic psy-
chological coping mechanisms [6]. Even with recent vast knowledge in the area of
neuropsychiatry, it has not been possible to precisely predict relations between tumor
location or histological type and the likelihood of mental sequelae. Important to note
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is that management of brain lesions which often includes surgery, chemotherapy,
steroids and radiotherapy can also cause secondary psychiatric symptoms. Among
the common neuropsychiatric manifestation of brain malignancy is mania.

To diagnose a manic episode, a patient must experience itritability or euphoric
mood, with three (if euphoric) or four (if irritable) of seven cardinal symptoms of
mania, for 1 week [7]. These cardinal symptoms are: distractibility, insomnia, gran-
diosity, flight of ideas, an increase in goal-directed activities, pressured speech and
thoughtlessness or dysfunctional pleasure -seeking activities which do not display
usual judgment. These symptoms must cause significant social or occupational dys-
function [7].

The worldwide life time prevalence of mania or Bipolar Affective Disorder is
approximately 1 % with no significant differences between males and females [8].
In Uganda, prevalence of mania is about 1.6 % [9]. Mania has many etiologies with
the most common being primary mania as one phase of bipolar affective disorder,
whereas secondary mania may results from pharmacological, metabolic, infections,
neoplastic or neurologic causes like brain occupying lesions [8]. The etiology of
mania is important because although acute symptomatic treatment of both primary
and secondary mania may be similar, appropriate treatment of secondary mania
includes addressing the cause.

The following case report is illustrative of these conditions.

Glioma Ad Mania: A Case Report

SK was a 32 year old female from Kampala, the capital city of Uganda, who ran her
own restaurant. She had had a sporadic history of a mood disorder for the past
13 years characterized by episodes of mania and depression. Her first manic episode
was at 19 years of age which was treated successfully with antipsychotics at a men-
tal institution. This was followed by a 10 year period of being symptom free while
off medication. Two years prior to the current presentation, she had had multiple
manic relapses followed by depression necessitating her being started on mood sta-
bilizers (lithium carbonate) and antipsychotics (Risperidone).

One week prior to the presenting episode, SK had experienced poor sleep, rest-
lessness, irritability and would work at her restaurant without rest until the late
hours of the night. She had also experienced 3 days of persistently severe right sided
headaches which were associated with photophobia and social withdrawal but with-
out vomiting, neck stiffness or fevers. She denied any perceptual symptoms and
claimed to not having used alcohol or other drugs and substances. There was no
known past history of head trauma or seizures. The severity of her headache
prompted the family to bring her to hospital.

SK had, for the previous 2 years, experienced severe but intermittent headaches
which were usually right sided but not associated with photophobia, vomiting,
blurred vision or postural changes. She started putting on spectacles as a result of
developing headaches while reading. These headaches were usually treated as
migraines with various analgesics and they would improve.
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She had had a normal childhood and schooling, did not abuse drugs or alcohol
and she was a religious and reserved person. On these past admissions, she did not
present any perceptual disturbances and had neither seizures nor history of head
trauma. Her father, who had 36 children from 6 wives, had passed away 3 years
previously of melanoma. Her paternal uncle and cousin had disappeared from home
without a trace. She also had a step brother who was dependant on alcohol.

The mental status examination at time of admission showed a young lady who
was obese, jocular, and talkative, with ptosis of right eye and left sided body weak-
ness. Her speech was dysarthric but connected. Her mood was labile. The thoughts
were normal but with pre-occupation with complaints of her headaches. There was
no grandiosity and no perceptual disturbances. Her cognition was intact. She had
full insight regarding her bipolar disorder.

Significant physical examinations were; normal temperature, blood pressure of
170/100 mmHg, pulse rate of 76 beats/min, body weight of 92 kg and BMI of 32.
Neurological examination showed an alert and fully oriented lady, Glasgow Coma
Scale of 14/15, pupils were equal and reactive to light and accommodation,
Kerning’s sign was negative, muscle tone and reflexes were normal. She had a mild
left sided hemiparesis.

Investigations which were carried out included the following:

» Laboratory: Fasting blood sugar=7.9 mmol, Complete blood count showed a
leucocytosis-14.39 x 10°(NR  4—11x 10°cells), neutrophils 70 %, monocytes
7.6 % (NR 0.2-1 %). No Malaria parasites. Lipid profile, thyroid function test,
C-reactive protein and urinalysis were all normal. Thyroid Function Tests were
normal. HIV and Syphilis serology were negative.

* Radiological: Brain MRI scan revealed Intra-axial marked heterogeneous
enhancement, complex cystic and solid mass with intratumoral hemorrhage and
compressed brainstem in right temporal and occipital lobes. The radiologist
came to the conclusion of a possible high grade glioma to rule out metastases
(Fig. 18.1).

In order to exclude metastases in other areas, a chest x-ray, mammogram and
abdominal-pelvic ultra sound scan were done and all were found normal.

A working diagnosis of Bipolar Affective Disorder, hypomanic phase with
organic brain disease (brain tumor) plus syndrome X was made.

Treatment

* Neuropsychiatric symptoms were treated and stabilized with Risperidone 2 mg
OD, Carbamazepine 400 mg B.I.D, Acetazolamide 250 mg Q.I.D, Mannitol
100 mg Q.I.D and Dexamethazone 4 mg T.I.D

* Diabetes mellitus and Hypertension were controlled with: Amilodipine 10 mg
OD, Losartan-H 6.25 mg OD, Artrovastatin 10 mg OD, Piosafe 1 tablet
pre-breakfast and pre-supper, soluble insulin 5-20 .U depending on the blood
glucose levels.
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Fig. 18.1 Image of SK’s . 5
brain MRI C h‘| 41604

SK’s family requested that she gets referred abroad for a second opinion and
treatment. After 2 weeks of admission, the patient’s psychiatric symptoms had
improved and she was transferred to India for further treatment after consultation
with an oncologist. Management of SK in India involved tumor excision surgery.
Pathological studies of excisional biopsy showed Fibrillary astrocytoma of the right
parieto-occipito-temporal lobe.

The post surgical period of SK was characterized by a 2 months period of remis-
sion of her psychiatric and lateralizing neurological symptoms. However, twice
from the time of surgery, she had had two admissions in a mental health facility with
manic symptoms which have now stabilized for 2 years on mood stabilizers. Her
previous and regular medications of mood stabilizers had been maintained through-
out this entire period. SK continues to enjoy good mental and physical functioning
on medication and follow up monitoring post-surgically.

Discussion

This case demonstrates the diagnostic challenges and dilemmas usually faced in
resource constrained facilities of this world where patients often present with com-
plex physical (CNS) and psychiatric disorders. One wonders whether this was a
case of a brain tumor that was not diagnosed earlier, manifesting with psychiatric
symptoms, or merely a coincidental misfortune of having both a brain tumor and a
primary psychiatric condition at the same time.
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In this particular case, SK had suffered from a manic episode at 19 years of age.
She was treated and went on to live normally off medication for the next 10 years.
When these manic symptoms resurfaced 10 years later, it was evident that her men-
tal illness had become less responsive to medication, with her symptoms recurring
more frequently. This is the period that her headaches become more severe and
frequent. Perhaps this could have been the result of now an enlarged tumor that was
not caught early at onset.

The brain imaging (brain CT scan and MRI) was carried out 2 years following
constant complaints of headaches, when it became apparent that she had developed
lateralizing neurological symptoms and photophobia. The imaging showed a right
temporo-parieto-frontal brain mass.

Following the brain tumor removal, SK went into remission for 2 months but
was however later admitted twice in a mental health facility after experiencing
hypomanic episodes. She was maintained on mood stabilizer medication through-
out this period. The fact that SK continued having manic episodes even after the
removal of her brain tumor adds more weight to the thought that she may have had
a primary psychiatric illness exacerbated by the coincidental brain tumor. However,
it may be that the pressure effects of the now removed tumor may not have fully
subsided till enough time had passed. Without prior brain imaging to rule out a
slow growing tumor, all this contemplation unfortunately remains but educated
theorization.

Conclusion

Regardless of how small the statistical numbers are, brain tumors occur and are on
a gradual increase in Africa, representing an aspect of potentially curable brain
degeneration if caught early. More relevant to the field of psychiatry, neuropsychi-
atric symptoms more often than not are part of the symptomology or sometimes
even the presenting complaints. There should be a high index of suspicion when a
patient complains of headaches that are persistent and increasing in severity or fre-
quency, often associated with nausea, vomiting and photophobia. Focal neurologi-
cal signs and symptoms and other sensory changes may be present. Unexplained
changes in personality or cognitive functioning and onset of seizures, especially of
new onset in an adult are an ominous sign.

Neuroimaging remains the most adequate method of identifying brain lesions. It
is therefore highly recommended that neuroimaging be carried out in the following
cases: all patients with an index psychiatric episode especially of late onset
(>30 years), patients with atypical presentations, patients with psychiatric presenta-
tions accompanied by specific neurologic or neurobehavioral changes and patients
with poor response to psychopharmacologic treatment.
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Chapter 19
Secondary Mania of HIV/AIDS

Emmanuel Kiiza Mwesiga

Abstract Mania has for long been associated with HIV/AIDS and in many cases
acts as a barrier to attaining best treatment outcomes in patients both conditions.
Like many psychiatric disorders, mania was initially thought to be a psychological
reaction to having HIV infection. Subsequent research has now proven that psychi-
atric disorders including mania could arise from the direct effects of HIV disease on
the brain. Indeed research has shown secondary mania of HIV/AIDS to be different
from primary mania in terms of clinical presentation, course, management and
prognosis. This chapter deals with HIV mania and how it presents in the Ugandan
setting. A case report helps to highlight these points. HIV mania and secondary
mania of HIV/AIDS are used interchangeably in this chapter.
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Introduction

Mania or manic episodes have been described for centuries. The earliest descrip-
tions of mania can be found as far back as in the Old Testament texts of the Christian
bible. In many societies all over the world, accounts of mania go back centuries.
HIV/AIDS, on the other hand, is a relatively new disease with the first cases first
described in the early 1980s [1]. Both diseases however have the ability to bring
about a lot of despair and suffering and are often stigmatized. HIV/AIDS, for exam-
ple, has been one of the greatest health challenges of Sub-Saharan Africa for the last
30 years. In this time the disease has claimed over 15 million lives, devastated econ-
omies, families and the region as a whole with billions of dollars being spent in
trying to curb the scourge [2].

Early in the pandemic it was noted that mental health disorders were closely
related with HIV/AIDS with many psychiatric disorders having increased preva-
lence in HIV positive populations [2, 3]. People living with HIV/AIDS (PLWHA)
have been found to be at a greater risk of having a psychiatric illness in the same
way people with psychiatric disorders are at a higher risk of contracting HIV/AIDS
[3,4,5].

The majority of the described HIV related mental disorders are affective disor-
ders including mania and depression. However, HIV-associated neurocognitive dis-
orders, HAND, are increasingly being documented. Many of the psychiatric
disorders in HIV/AIDS have thus been studied and it is now becoming clearer that
these conditions are not just psychological reactions to having the disease but are
sequalae of the neuropathogenesis of HIV/AIDS.

With the introduction of Highly Active Antiretroviral Therapy (HAART), people
living with HIV/AIDS are able to live longer lives and have improved livelihoods.
Current studies however show that mental conditions are in some ways responsible
for failure to reach desired targets especially in the area of condom use and drug
adherence [6]. Various studies have shown worse outcomes in HIV/AIDS patients
that are co morbid with mental disorders. Early diagnosis and treatment of metal
disorders in HIV/AIDS is one of the ways in which meeting treatment goals espe-
cially in areas of adherence and condom use can be attained.

Primary Mania Versus Secondary Mania

Classification of mood disorders has changed over time through improvements in
case definitions and scientific breakthroughs. From [7] who defined manic depres-
sive illness to the unipolar- bipolar classification by [8] or the spectrum of affective
disorders by Akiskal, the classification of affective disorders has kept on getting
broader and better defined [9].

Today DSM IV TR [10] provides the standard for classification of mood disorders.
The proposed DSM IV TR classification of mood disorders is listed in the table
below (see Table 19.1).
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Table 19.1 DSM IV Major depressive disorders
classification of mood

Dysthmic dis
disorders ysthmic disorder

Depressive disorders not otherwise
specified

Bipolar 1 disorder

Bipolar II disorder

Cyclothymic disorder

Bipolar disorder not otherwise specified

Mood disorder due to a medical
condition

Substance induced mood disorder
Mood disorder not otherwise specified

Each of these disorders may involve a depressive episode, manic episode, mixed
episode, hypomanic episode or a combination of any two different episodes. Thus a
Bipolar I disorder is characterized by one or more manic or mixed episodes usually
accompanied by a depressive episode while a Bipolar II disorder is characterized by one
or more Major depressive episodes accompanied by at least one hypomanic episode.

Further classification could involve determining whether the cause is primary or
secondary and from here the terms primary mania or secondary mania evolve [11]. One
can differentiate mania based on the cause by dividing it into primary or idiopathic
mania and secondary mania (where there is an identifiable cause.) This classification of
primary and secondary mania was first suggested by Robins and Guze in 1972 [12] and
improved by Klerman and Barret and later Krauthemmer in 1978 [13]. However the
distinction of primary versus secondary disorders was first muted by Alistair Munro.

Initially secondary mania was described by Robins and Guze as mania occurring
in patients who had no previous or concurrent psychiatric illness. Klermman and
Barret later described it as an illness following past history of medical, traumatic or
pharmacological complaints and use. Krauthemmer took the concept further to
describe secondary mania as mania that can occur in association with organic
dysfunction — medical and pharmacological toxic — in patients with no history of
affective disorder. He was also the first to describe the clinical characteristics of
secondary mania being different from primary mania where he noticed that patients
of secondary mania were older with no family history of mania. The concept of
secondary mania is that a patient can present with symptoms that are similar to the
diagnostic criteria for primary mania but with an identifiable cause. In some cases
the clinical characteristics are different. Thus HIV secondary mania became to be
recognized as a disorder of HIV infective brain degeneration.

Secondary Mania of HIV/AIDS

Over the last 10 years research done in Africa and Uganda in particular has
shown that mental health issues in HIV are not just psychological reactions to having
the disease but rather a consequence of the HIV virus attacking brain tissue [2].
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Dementia, major depression, psychosis, and mania are some of the mental health
conditions that have been studied quite extensively by Ugandan researchers and have
been shown to be different entities from the same conditions in HIV negative popula-
tions [2, 3, 14-19]. Mental health disorders in HIV/AIDS seem to be a sequalae of
the neuropathogenesis of the virus itself which leads to presentations of some mental
health conditions to be different between HIV positive and HIV negative groups.

In the case of mania this has led to the development of the term secondary mania
of HIV/AIDS also referred to as HIV mania which was well described by Nakimuli-
Mpungu et al. [18]. They described secondary mania of HIV/AIDS as a distinct
syndrome with different clinical presentation from patients with primary mania
without HIV and bipolar mania in HIV. This differing clinical presentation impacts
on treatment modalities prognosis and in low resource settings investigations and as
such clinicians need to be aware of this syndrome.

Etiology

In primary mania there have been various studies on the different aetiologies of
mania. It should be noted that they are usually multifactorial and as such a biopsy-
chosocial model is usually adopted to define the different causes of primary mania.
The main theories of mania include increased neurotransmitter function especially
dopamine and serotonin; genetics proved through family and twin studies and psy-
chodynamic factors as described by Abraham, Lewin and Klein [20]. From the late
1970s Krauthemmer suggested organic causes of mania. He noted that drugs meta-
bolic disturbances and infections were all associated with developing manic epi-
sodes. Since then a large number of organic substances have been associated with
development of manic symptoms (see Table 19.2).

Pathogenesis

As is the case for many psychiatric conditions that are co morbid with HIV, the
pathogenesis is not entirely understood. Five main theories have been postulated to
determine how HIV causes mania in particular. These include the following:

i. Direct effects of the virus on the central nervous system.
ii. Opportunistic infections and the metabolic effects associated with them.
iii. Drugs used in the treatment of HIV/AIDS like HAART especially the non
nucleoside reverse transcriptase inhibitor Efavirenz and steroids.
iv. Psychological challenges associated with having HIV/AIDS.
v. HIV associated neuro cognitive disorders (HAND) causing brain degenerations
vi. HIV associated CNS neoplasms.



19 Secondary Mania of HIV/AIDS

Table 19.2 Causes of
secondary mania

267

Drugs of abuse
Alcohol abuse
Amphetamine abuse
Cocaine abuse
Hallucinogen abuse
Opiate abuse
Collagen vascular disease
Systemic Lupus Erythematosus
Infectious disease
Neurosyphilis
Herpes Encephalitis
Influenza
St. Louis Encephalitis
HIV/AIDS
Endocrine disease
Hyperthyroidism
Hypothyroidism
Neurologic disease
Multiple Sclerosis
Huntington’s Chorea
Wilson disease
Head trauma
Complex partial seizures
Cerebrovascular accidents
Migraine headache
Neoplasms (esp. diencephalic or third ventricle)
Medications
Neuropsychiatric
Monoamine oxidase inhibitors
Heterocyclic antidepressants, SSRI
Methylphenidate
Disulfiram
Levodopa
Cardiovascular
Captopril
Hydralazine
Endocrine
Bromocriptine
Steroids
Miscellaneous
Baclofen
Bromide
Procarbazine

(continued)
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Table 19.2 (continued) Yohimbine

Cimetidine

Isoniazid

Vitamin deficiency

Vitamin B12 deficiency

Folate deficiency

Niacin deficiency

Thiamine deficiency

Adopted from Mania secondary causes in family prac-

tice notebook, http://www.fpnotebook.com/psych/
Bipolar/MnScndryCs.htm. Accessed 10/30/2014

Previous studies have tried to determine the pathogenesis of HIV-related mania.
HIV preferentially affects sub cortical gray matter such as the caudate nuclei and
cortical white matter, both of which are important in the regulation of mood, thus
manic symptoms indicating CNS HIV infection. HIV-related mania may be caused
by accumulation of intracellular free calcium, which has been implicated in the
pathogenesis of bipolar disorder [21] and has similarly been shown to be increased
in HIV infected neurones [22, 23]. On the other hand, El-Mallakh suggested that
mania or hypomania appeared to be related to immunosuppression and progression
of HIV disease.

Clinical Features

Making a diagnosis of mania ideally entails following the set criteria as laid out in
the DSM IV TR. In summary the classification states that the symptoms should last
for at least 1 week (or less if hospitalization is required); should not involve a mixed
episode, not be due to the effects of a substance and should affect social occupa-
tional functioning.

A patient with HIV mania usually meets the criteria set out for a manic episode.
Primary mania is highly hereditary but in the case of HIV mania the patient usually
does not have previous history of this illness or family history of the disease [16—
19]. Patients with secondary mania of HIV/AIDS however present with irritability
more than euphoria; are more over talkative with decreased need for sleep. They are
more cognitively impaired with more perceptual disturbances [16—18, 24]. The
DSM classification of a manic episode does not report any cognitive or perceptual
disturbances.

In cases of primary mania or bipolar mania the patient will usually be in the late
teens or early 1920s and usually has prior depressive episodes or manic episodes
and family history suggestive of a mental illness. The clinical features of secondary
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mania are distinct especially in terms of demographic characteristics [25]. Patients
of secondary mania of HIV/AIDS in Uganda were usually uneducated older females
of poor socioeconomic status as described by Nakimuli-Mpungu et al. [18]. In
Caucasian populations patients of HIV mania were found to be older gay males who
were well educated and of good socioeconomic status. The main demographic char-
acteristic was age which supports the theory that secondary mania was more preva-
lent in older populations. This implies that a first episode manic episode in HIV
populations usually occurs with a later age of onset. This differs from the secondary
mania after a brain lesion where there is no noted age differences between patients
who developed mania after a brain lesion and those without a brain lesion but who
had mania [26]. In high HIV endemic populations, it is prudent to suspect a first
episode manic episode occurring in later ages to be due to HIV/AIDS making rou-
tine HIV screening mandatory in all late onset manias [2].

In earlier case presentations of HIV mania patients were noted to present with
AIDS defining illnesses like HIV wasting syndrome. Current case presentations
however describe patients presenting with stage II symptoms of the World Health
Organization Staging characteristics of HIV/AIDS like oral candidiasis. Indeed the
occurrence of late onset first episode mania may herald HIV infection in the absence
of other symptoms.

Investigations

Investigations usually involve a work up for initiation of HAART since Secondary
mania of HIV/AIDS has often been found to be associated with lower immune sta-
tus [16, 18]. Nakimuli-Mpungu et al. [18] showed that a CD4 count of less than 350
was associated with HIV mania while Lyketsos et al. [27] noted that patients with-
out previous family history or personal history of a manic disorder presented much
later in the infection presumably when the immunity was low. In any patient sus-
pected to have secondary mania of HIV/AIDS an HIV test to confirm the diagnosis
and immune function tests by CD4 count are paramount. There is also need to rule
out co-infections like syphilis and cryptococcal meningitis which can present with
manic symptoms as well. There are no specific radiological investigations for HIV
mania but they might show concurrent AIDS defining illnesses like toxoplasmosis
or cryptococcal meningitis. Use of rating scales like the Young Mania Rating Scale
is necessary to gauge severity and monitor response to treatment.

Treatment

Pharmacological treatment does not greatly differ between management of second-
ary mania of HIV/AIDS and primary mania. There is however need to watch for
side effects since there is documented evidence of worse extra pyramidal side effects
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in HIV especially when typical antipsychotics are used. Most studies show a better
side effect profile when atypical antipsychotics like risperidone are used but this
also depends on which antiretroviral is being used. A case series by Kelly et al. [20]
showed worse side effects when risperidone was given specifically with the protease
inhibitor ritinovar/idinavir. In our setting nucleoside and non nucleoside reverse
transcriptase inhibitors are our first line drugs for HIV/AIDS so atypical antipsy-
chotics are preferred in HIV mania. For prophylaxis of recurrences, Sodium valpro-
ate is the preferred mood stabilizer as it has less drug-drug interaction with HAART
regimens and a safer blood level.

Prognosis

Time to recovery is shorter in secondary mania of HIV/AIDS than primary mania
[28]. DSM gives a range time of 4 weeks to several months for a typical manic epi-
sode to resolve but in secondary mania the time is usually shorter. This quick recov-
ery seems to be irrespective of whether or not the individual is on HAART [28].
There is however a high risk of relapse even when there is good adherence to the
psychotropic drugs. This necessitates need for mood stabilizers usually sodium val-
proate, carbamazepine or lamotrigine. Lithium carbonate in this population is not
preferred because of a narrow therapeutic window and associated renal toxicity
especially in wasted HIV positive patients.

Case Report

LJ was a 33 year old male from one of the central districts in Uganda. He was a taxi
driver and of the protestant Church of Uganda by faith. He was newly married to NJ
and the couple had no children. He had never attended any form of formal
education.

LJ presented to the outpatient Mental Health Clinic of Mulago National Referral
Hospital with complaints of headache, confusion and over talkativeness over
1 day. He had also been complaining of easy irritability, decreased sleep and rest-
lessness for the week prior to admission. He was brought in by his wife who
reported two episodes of vomiting and confusion on the morning of admission.
He was also more talkative than usual and got easily angered. He had been sleep-
ing poorly in the week prior to admission characterized by terminal insomnia asso-
ciated with pacing around the house. LJ reported complaints of headache which
had been on for the last 3 months and which “could just not go away.” The head-
ache was associated with occasional blurred vision. He also accepted that he had
been having difficulty sleeping for the last 1 month and was irritable. He denied
having hallucinations of any sort during this episode. He did not report feeling sad
or decreased interest in activities of daily living and he had a good appetite. He had
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no thoughts of feeling worthless or committing suicide for the 2 weeks prior to this
onset of this episode.

LJ had been diagnosed HIV positive 4 months prior to this admission at which
time his baseline CD4 count was ten cells per microlitre. He had been started on
HAART of Truvada and Nevirapine 1 month after diagnosis of HIV. He reported
good adherence to HAART which was confirmed by his wife. There was no history
of trauma or seizures. He denied using alcohol or any other substances of abuse and
he denied any history of mental illness in the family.

Past psychiatric history revealed that this was his second admission in a 4 month
period. On the first episode, he had had similar symptomatology but including audi-
tory and visual hallucinations. He had improved after a 10 day admission and dis-
charged on a low dose of Haloperidol which he had been on since discharge and he
was adherent to it too.

Family and social history revealed a marriage to one wife with no children
between them. His wife was also seropositive for HIV and on cotrimoxazole pro-
phylaxis. LJ had a child born out of this marriage who stayed with the mother and
he did not know this girlfriend’s or child’s HIV serological status or their where-
abouts. He had not worked on his job as a taxi driver for sometime due to illness.

Physical examination revealed a Glascow coma score (GCS) of 15/15 with pupils
equal and reactive to light and accommodation. The neck was soft with a negative
Kerning’s sign. He had decreased hearing sensation but all the other cranial nerves
were intact. He had normal muscle power tone and strength with no increased deep
tendon reflexes and normal sensation.

His Mental Status Examination (MSE) revealed a young man who was restless
and pacing. He was not wasted, not febrile, not anemic and had no oral thrush. His
speech was loud but not pressured. His mood was irritable but without suicidal
ideas. He was preoccupied with his headache, had no delusions and no perceptual
disturbances. He was disoriented in time but not in place and person. He had poor
concentration and attention but good insight. His memory and judgment were intact.

His current mental state was quite different in some aspects to his first presenta-
tion where he presented with physical signs of immunosuppression characterized by
oral thrush, gross wasting and anemia. His speech then was loud, pressured and he
was extremely irritable and aggressive. His thoughts at that time were many, gran-
diose and not connected. He had mood congruent auditory and visual hallucina-
tions. He was disoriented in time place and person with poor memory, attention,
concentration abstraction and judgment. His insight was also poor then.

A DSM IV-TR Multi axial diagnosis of HIV related manic psychosis with traits
of antisocial behavior was recorded on axes I and II respectively. Axis III had medi-
cal conditions of primary CNS pathology of HIV opportunistic infections with
Toxoplasmosis, Cryptococcus meningitis and Tuberculosis meningitis were highly
suspected but laboratory investigations for them were negative. So, they were sub-
sequently ruled out. On axis IV HIV disease was documented as a predisposing
factor, precipitated by the low CD4 count. LJ being on HAART with good social
support from the wife were thought to be protective factors. His global assessment
of function was 45 % on that first admission. Then more biological investigations
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revealed slightly raised alanine transferase. A complete blood count was unremark-
able with negative serology for syphilis, serum CRAG and toxoplasmosis titers.
His CD4 count was 168 cells. Neuroimaging with a brain Computer Topography
Scan was unremarkable. Psychological assessment involved using the Yang Mania
Rating Scale while social investigations sought to trace the child and former girl-
friend in order to determine their HIV serological status.

His management involved admission into the inpatient psychiatric ward with
immediate treatment to contain the high agitation using 10 mg of IM Haloperidol
and 50 mg of IM promethazine as initial doses. Once less irritable he was started on
oral antipsychotic medication while on the ward of haloperidol 10 mg twice a day,
benzhexol 2 mg twice a day and clonazepam 2 mg at night. He was also advised to
continue with HAART and cotrimoxazole 960 mg once a day.

LJ soon improved in his mental state on this management and was discharged
after 1 week of hospitalization. He was discharged on oral haloperidol 5 mg at night
and oral benzhexol 2 mg at night. Plans were made to start him on the prophylactic
mood stabilizer, sodium valproate.

Discussion

The above case shows the salient features of secondary mania of HIV/AIDS. This is
a syndrome that is different from primary mania described in DSM IV TR espe-
cially in demographic characteristics, clinical features, treatment, course and prog-
nosis. According to Nakimuli-Mpungu et al. [18], patients with HIV mania are
usually older, uneducated and of poor social economic status. This is different to
Caucasian western populations where patients with HIV mania are usually educated
males of good socioeconomic status [27, 29, 30]. Secondary mania of HIV/AIDS is
associated with a lower immune status and patients usually present later in the
infection [18, 27]. LJ’s CD4 count of 10 cells/ul supports the theory that in low
resource settings a first manic episode in HIV/AIDS is suggestive of a low CD4
count and may as well be an indication to start HAART. Patients with secondary
mania of HIV/AIDS present with irritability more than euphoria and are over talk-
ative with decreased need for sleep. They are also more cognitively impaired and
have more perceptual disturbances like hallucinations than patients with primary
mania [18, 19]. This case illustrated these features.

Pharmacological treatment does not greatly differ between management of sec-
ondary mania of HIV/AIDS and primary mania. There is however need to watch for
side effects since there is documented evidence of worse extra pyramidal side effects
in HIV especially when typical antipsychotics are used. The high risk of relapse
may also necessitate initiating mood stabilizing medication. In the HIV positive
population, sodium valproate is the preferred mood stabilizer as Lithium carbonate
has a narrow therapeutic window and associated renal toxicity.
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Finally, remission of symptoms is faster in patients with HIV secondary mania
with an average time of 2 weeks for remission. This quick recovery seems to be
irrespective of whether the individual is on HAART or not [2].

Conclusion

This case report depicts an HIV-positive patient with manic symptoms that are not
dissimilar in presentation to DSM IV TR criteria for a manic episode. His clinical
picture is very typical of the clinical presentation of secondary mania of HIV/AIDS
as described in the literature [16, 18]. It supports the theory that secondary mania of
HIV/AIDS is a clinically distinct syndrome and represents infective brain degenera-
tion. This is not unusual in African settings.
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Chapter 20
Case Presentation of Epilepsy Secondary
to Cerebral Malaria

Harriet Nakuya

Abstract Epilepsy is the most common neurological disease in Uganda in both
children and adults with a the prevalence of 2-5/1,000 of the general population and
as high as 70 % in onchocerciasis volvulus affected populations. The causes are
multiple but in the Ugandan and other African settings, the most common causes are
usually infections in childhood (cerebral malaria, HIV etc.), birth trauma, brain
injury in adulthood and substance abuse. Cerebral malaria, characterised by high
fever, convulsions and /or coma is one of the deadliest forms of malaria and is
caused by the Plasmodium falciparum malaria haemoparasite.

Epilepsy is a common sequel of cerebral malaria in highly endemic areas as is
the case in most sub-Saharan African regions and it occurs mostly in children. It is
postulated that red blood cells infected with malaria parasites sequestrate and clog
brain capillaries which appear as petechial haemorrhages in the brain causing brain
hypoxia and edema leading to convulsions and coma. Children with cerebral malaria
are at risk of developing several adverse neurological outcomes including epilepsy,
disruptive behaviour disorders (e.g. ADHD) and disabilities characterised by motor,
sensory or language and learning deficits. These affect approximately 10 % of sur-
vivors of cerebral malaria and represent a form of injury to the brain or brain degen-
eration pointing. Epilepsy is highly stigmatised in Africa pointing to a need to
educate the people and increase public awareness about epilepsy facts to demystify
the disease so that the sufferers are not treated as outcasts and not to be stigmatized.
This is in addition to malaria eradication programs.

Keywords Cerebral malaria ¢ Epilepsy ® Convulsions * Coma * Brain damage *
Stigma  Prevention
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HIV ~ Human Immunodeficiency Virus
MHC Mental Health Clinic

SVD  Spontaneous Vertex Delivery
EEG  Electroencephalogram

RBS  Random Blood Sugar

WBC  White Blood Cells

FBC  Full Blood Count

FBS  Fasting Blood Sugar

Hb Hemoglobin

CM Cerebral Malaria

Introduction

Epilepsy is the most common neurological disease in Uganda in both children and
adults as it affects individuals of all age groups. In Uganda the prevalence is
2-5/1,000 of the general population and as high as 70 % in onchocerciasis volvulus
affected populations. The causes are multiple but in the Ugandan and other African
settings, the most common causes are usually birth trauma, infections in childhood
(cerebral malaria, HIV etc.), brain trauma in adulthood and substance abuse [1].
Cerebral malaria, characterised by high fever, convulsions and /or coma is one of
the deadliest forms of malaria and is caused by the Plasmodium falciparum malaria
hemoparasite. Epilepsy is a common sequel of cerebral malaria where there is a
high prevalence of malaria as happens in Africa’s malaria-endemic regions [1, 2].

Cerebral malaria is the most severe neurological complication of infection with
Plasmodium falciparum. With >575,000 cases annually, children in sub-Saharan
Africa are the most affected worldwide. Surviving patients have an increased risk of
neurological and cognitive deficits, behavioral difficulties and epilepsy making
cerebral malaria a leading cause of childhood neurodisability in the African sub-
Saharan region [3]. The pathogenesis of the neurocognitive sequel is poorly under-
stood: coma develops through multiple mechanisms and there may be several
mechanisms of brain injury. It is unclear how an intravascular parasite causes such
brain injury. However it is postulated that red blood cells infected with malaria para-
sites sequestrate and clog brain capillaries which appear as petechial haemorrhages
in the brain causing brain hypoxia and edema leading to convulsions and coma.
Understanding these mechanisms is important to develop appropriate neuroprotec-
tive interventions. This chapter examines the sequelae of brain injury in cerebral
malaria, relating this to the pathogenesis of epilepsy as a long term outcome. The
chapter explores prospects for improved neurocognitive interventions to reduce on
this brain degeneration which is a leading cause of neuro-disability in sub-Saharan
Africa [1, 4].
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Cerebral malaria is a medical emergency demanding immediate diagnosis and
treatment since it is highly fatal or often leads to long-term complications. This
severe or complicated form of malaria affecting the brain, occurs predominantly in
children, with a mortality rate of 15-25 %. It affects about one million children
every year, primarily in sub-Saharan Africa. Coma, headaches, seizures and
impaired consciousness are frequent manifestations of this infection. Children less
than 5 years of age are particularly susceptible because of their low levels of immu-
nity. It only takes one bite from an infected mosquito to contract the disease that
directly affects the brain, causing fever, vomiting, chills, and coma [4, 5].

Although this type of malaria is most common in children living in sub-Saharan
Africa, it should be considered in anybody with impaired consciousness that has
recently travelled in a malaria-endemic area [6]. Cerebral malaria has few specific
features, but there are differences in clinical presentation between African children
and non-immune adults. Subsequent neurological impairments are also most com-
mon and severe in children.

The malaria parasite is usually found circulating in the blood stream causing
fever, vomiting, chills and rigours. In severe cases, these parasites would go through
the blood to the brain and the infected red blood cells sequester in the capillaries in
the brain, and block these blood vessels, causing swelling of the brain (brain edema)
[1, 2]. When this happens, the child may become unconscious, but a number of them
recover to full consciousness. Also, other factors such as convulsions, acidosis and/
or hypoglycemia can impair consciousness. Cerebral malaria is highly fatal and can
kill rapidly when with poor management, or it is not recognised early or when it
involves a non-immune person who has not been in a malaria-endemic area.

Children with cerebral malaria are at risk of developing several adverse neuro-
logical outcomes indicating brain degeneration. These include epilepsy, disruptive
behaviour disorders (e.g. ADHD) and disabilities characterised by motor, sensory
or language deficits. These affect approximately 10 % of survivors of cerebral
malaria and represent a form of injury to the brain or brain degeneration.

Treatment of Cerebral Malaria

Cerebral malaria is a medical emergency. Treatment is tripartite:

* Specific antimalarial therapy (I.V quinine, quinidine, artimesinine etc.)

* Management of coexistent malarial complications including seizures, fluid and
electrolyte imbalances, hypoglycemia, hyperpyrexia etc.

* Treatment of associated super infections [2].

At best, initial management should be in an intensive care unit. Generalized sei-
zures can be followed by rapid neurologic deterioration, so prompt treatment is
required. Subclinical or non-convulsive seizures should be suspected in patients
with persistent coma [3]. Convulsions can be prevented by controlling fever and
through judicious use of prophylactic anticonvulsants [4, 5].
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It is important to support the family of a child suffering from Cerebral Malaria
(CM). Many lay people in Africa may feel that CM is caused by supernatural forces
(witchcraft) and attend traditional healers and faith healers to the detriment of the
affected child as death may soon ensue. The long-term outcome of cerebral malaria
is the highly stigmatised epilepsy and the affected children are often treated as out-
casts in their communities and even families. The usual management of epilepsy
should thus be multidisciplinary involving not only psychiatrists or neurologists,
but also psychologists, social workers, nurses, O.Ts, educationists and the commu-
nity (village) health team. Below is an illustrative case of epilepsy which was caused
by cerebral malaria.

Case Report

Presentation and History

NP was a 21 year old female hair dresser, Catholic and single who stopped school
in senior three (Grade 10). At the age of 4 years, she developed convulsions associ-
ated with a febrile illness which were managed as cerebral malaria at Nsambya
Missionary Hospital in Kampala, Uganda. Months later, she developed recurrent
unprovoked seizures but which she treated with local herbs as she invoked witch-
craft for having brought on this “unfortunate disease” to her which she did not like
to call epilepsy for fear of stigma. Nine years ago, she was formally diagnosed with
epilepsy, after she presented to the Mulago hospital’s Mental Health Clinic, (MHC).
NP’s fits were usually preceded by a right sided headache which lasted for 10 min,
lip smacking, blank starring, thereafter paralysis of the left lower limb followed by
paralysis of the left upper limb, then dizziness and eventually generalized tonic-
clonic convulsions with loss of consciousness.

NP reported associated but occasional tongue biting, no foam formation and she
denied a history of fecal or urine incontinence. The rate of the fits was 4 per week.
She reported history of multiple injuries especially on the forehead following the
falls. No burns. She denied a history of smoking, alcohol or use of any other drugs.
She had no history of head trauma. She did not have Sickle Cell Disease.

NP had never had a history of hearing voices, seeing things or smelling things
which other people could not hear, see or smell prior to the fits or after gaining con-
sciousness. On gaining consciousness, she often wandered away from home. She
missed many of her school days and could not concentrate in class. This interfered
with her school performance. She faced a lot of stigma and segregation from her
peers where no one wanted to sit next to her or discuss with her which led her to
attain poor grades at school. Eventually, she dropped out of school in Grade 10.

NP was born normally by Spontaneous Vaginal Delivery from Nsambya
Missionary Hospital in Kampala, Uganda. Her mother reported that labor lasted for
only 5 h and the baby cried immediately and there was no need for resuscitation of
the baby. Initially, she had normal developmental milestones and was not sickly in
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her childhood till when she had the cerebral malaria, developed epilepsy and every-
thing in her life changed. She was educated up to Senior Secondary 3 (Grade 10),
quit high school and went to hair dressing vocational training where she obtained a
certificate in hairdressing. People often described her as being reserved. She lived
with her mother and was single. She had had a boyfriend for 2 years but who left her
after finding out that she had epilepsy. She had no family history of mental illness.

Examination Findings

On physical examination all findings and systems were normal. On Mental Status
Examination, in appearance and behavior, she was a young lady in a good nutri-
tional state and who was well kempt with no mannerisms and no scars on her body.
Her speech was normal, logical and coherent. Her mood and affect were normal and
euthymic. She had no suicidal or homicidal ideations. Her thoughts were well con-
nected with no of flight of ideas or loosening of associations and no blockage. There
were no delusions, no obsessions, no overvalued ideas and no thought insertion or
withdrawal. She was preoccupied with the stigma of her epilepsy illness and she
lamented on how it had interfered with her schooling and relationships as well as
her future plans including getting a spouse. She also worried about its chronicity
and incurability and hence poor prognosis. Perceptually, she had no hallucinations,
no illusions, no derealization and no depersonalization. In her cognition, she was
well oriented in time, place and person. Her memory, immediate and 5-min recall,
as well as intermediate, short and long term memory were all intact. Her judgment
for safety, social situations and abstraction were all intact. She had normal average
intelligence and her attention and concentration were intact. She had insight into her
illness and lamented the problems it had caused her.

Diagnosis

A DSM IV-TR multi-axial formulation was carried out. On AXIS I she had Complex
partial seizures with generalization. On AXIS II, there was no overt personality
disorder; but she was withdrawn, isolative, socially avoidant and with low self
esteem and low confidence. On AXIS III, she had past Cerebral malaria which was
also on AXIS IV as her predisposing factor to the epilepsy. Her perpetuating and
precipitating factors were not being on any antiepileptic medications and beliefs in
the supernatural as causing her epilepsy. However, she was protected by having had
some education, having a hairdressing vocation and a supportive mother. On AXIS 'V,
she scored 80 %. She was currently functioning well, had her hairdressing job,
could be self supporting and had been able to keep a boyfriend for over 2 years
although he had left.
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Fig. 20.1 EEG trace findings of NP

Investigations

The investigations carried out revealed normal CBC no haemoparasites, a FBS of
113 mg/dl, Hb electrophoresis-AS and her HIV and Syphilis serology were both
negative. EEG findings showed mild diffuse slowing of activity and prominent par-
oxysmal abnormality consisting of slow waves and epileptiform discharges lasting
from 2 up to 8 s in the left posterior temporal region (Fig. 20.1). The EEG diagnostic
conclusion was Left Temporal Lobe epilepsy.

Treatment and Outcome

Before visiting the Mulago hospital MHC because her epilepsy illness, NP was
being managed by traditional healers where she used to bath with herbs or take them
orally. She had attributed what was happening to her to be witchcraft from her step-
mother. At the Mulago hospital MHC, she was managed on carbamazepine and the
frequency of her fits greatly reduced to only an occasional one once in a blue moon. She
was initiated on carbamazepine and reviewed at monthly intervals as an outpatient.
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NP and her family were psycho-educated about epilepsy, the fits, trigger factors,
treatment and what to do with an aura. The epilepsy was demystified and its rela-
tionship to her childhood cerebral malaria was explained.

During her follow up on subsequent visits, she reported that the seizures had
been adequately controlled to 2 fits a year. After 4 years on treatment, the carbam-
azepine dose was increased to better control the fits. Unfortunately, we could not do
blood levels at Mulago hospital at the time. The patient was then followed up at
6 months intervals and she did well.

Discussion

This is a case of epilepsy secondary to cerebral malaria. The causes of epilepsy are
multiple but the commonest in the sub-Saharan African setting are infections like
malaria and onchocerciasis. This patient got convulsions in early childhood but later
developed overt epilepsy as described above. The sequel of cerebral malaria may
not be evident immediately after the infection but may occur years later. This patient
she suffered the cerebral malaria at 4 years of age but the epilepsy developed at
9 years of age, 5 years later after the cerebral malaria.

When a child develops a chronic condition like epilepsy, their concentration and
academic performance is often affected and many quit school as was this case.
If they are still at school, many miss class. In this case, this was made worse by the
fact that she used to be segregated at school and no one wanted to sit next to her in
class, this is because in the African setting epilepsy is considered as a curse and the
sufferers are often stigmatized and treated as outcasts in the community, even in
their own homes.

There are several myths about epilepsy in the African setting. For example in
Uganda there is a myth that the saliva of an epileptic is highly infectious. This trans-
lates into being avoided by others in fear of being infected. If an epileptic happens
to get a fit even on a busy street, no one comes to his or her rescue due to such
myths. In many African settings including Uganda, people have a tendency to seek
alternative modes of treatment especially if diagnosed with chronic illnesses with
no cure. This was seen in this patient who first sought treatment from traditional
healers where she obtained herbs because the illness was attributed to witchcraft
from the step mother.

In order to make a diagnosis of epilepsy, a high index of suscipicion is required
as there are often no findings on examination or laboratory tests. In this patient the
diagnosis was made basing on the history, In most Low and Middle Income
Countries (LMIC) as are found in sub-Sahara Africa sophisticated investigations are
not usually available, and in centers where they are available the cost is often pro-
hibitive, forcing the clinician to rely on his/her clinical acumen. In epilepsy investi-
gations, the EEG is informative in only 25-50 % of cases. The EEG confirmed the
diagnosis in this patient. One also needs to carry out a series of investigations to
look for any possible etiological factors responsible for the condition or at least
to exclude them, e.g. HIV or Syphilis serology. Classifying the type of seizure is



282 H. Nakuya

useful in making the choice of drug for the patient. Thus focal seizures tend to do
well on Carbamazepine or Sodium valproate. This patient responded well to
Carbamazepine. Management is usually by psychiatrists and neurologists and is
biological. However involving psychologists, social workers, nurses and mental
health counselors is very important for the patient’s and family’s psycho-education
and support.

Biological management involves use of various drugs selected depending on the
seizure type and condition of the specific patient bearing in mind the drug interac-
tions. A single drug at a low dose should be started with. If this is unable to control
the fits, then the dose of the antiepileptic drug should be increased or consider add-
ing another drug. This patient, she was started on a low dose of carbamazepine of
200 mg once a day, then to 400 mg nocte and lastly to 400 mg twice a day and the
seizures were finally well controlled. There were no facilities to do serum carbam-
azepine levels.

Psychological management involved educating the patient about the disease, its
trigger factors, aura and the need to comply with the treatment plus ways in which
she could deal with the stigma associated with the illness. In this patient, the aura
was the right sided headache and once experienced the patient stayed away from
dangerous items like sharp instruments and fire to avoid being injured. However the
trigger factor to her fits could not be identified.

Social management involves educating the care givers about the illness, teachers,
and parents like it was done in this patient for support. For this patient, the mother
was advised to keep her in school to get a vocation and she was able to attain a cer-
tificate in hairdressing thus enabling her to earn a living. The patient also neede
social skills in how to be open and come out forthright in handling relationships
when affected by a stigmatized condition.

Conclusion

Epilepsy in Africa is mainly due to infectious causes followed by trauma (birth
injury, HIV, Syphilis etc.). These are all highly preventable and, therefore, point to
the need to control them and manage them urgently and effectively in order to bring
down the number of epileptic cases. This case illustrated brain degeneration from
Cerebral Malaria, a disease wiped out in western countries, hence posing a chal-
lenge to Ugandans to also eradicate the malady. There is also need to educate the
people and increase public awareness about epilepsy facts to demystify the disease
so that the sufferers are not treated as outcasts and not to be stigmatized.



20 Case Presentation of Epilepsy Secondary to Cerebral Malaria 283

References

1. Labar DR, Harden C. Infection and inflammatory diseases. In: Engel Jr J, Pedley TA, editors.
Epilepsy: a comprehensive textbook. Philadelphia: Lippincott—Raven; 1997. p. 2587-96.

2. Cegielski JP, Warrell DA. Cerebral malaria. In: Scheld WM, Whitley RJ, Durack DT, editors.
Infections of the central nervous system. Philadelphia: Lippincott—Raven; 1997. p. 765-84.

3. Idro R, Jenkins NE, Newton CR. Pathogenesis, clinical features, and neurological outcome of
cerebral malaria. Lancet Neurol. 2005;4(12):827-40.

4. Idro R, Kakooza-Mwesige A, Balyejjussa S, Mirembe G, Mugasha C, Tugumisirize J,
Byarugaba J. Severe neurological sequelae and behaviour problems after cerebral malaria in
Ugandan children. BMC Res Notes. 2010;3:104. doi: 10.1186/1756-0500-3-104.

5. Idro R, Marsh K, John CC, Newton CR. Cerebral malaria: mechanisms of brain injury and
strategies for improved neurocognitive outcome. Pediatr Res. 2010;68(4):267-74.
doi:10.1203/00006450-201011001-00524.

6. Kvalsund MP, Birbeck GL. Epilepsy care challenges in developing countries. Curr Opin
Neurol. 2012;25(2):179-86. doi:10.1097/WCO.0b013e328350baf8.


http://dx.doi.org/10.1186/1756-0500-3-104
http://dx.doi.org/10.1203/00006450-201011001-00524
http://dx.doi.org/10.1097/WCO.0b013e328350baf8

Part VI
The Burden and Care of Patients with
Dementia in Sub-Saharan Africa



Chapter 21
Caring for the Elderly with Dementia
in Africa

Seggane Musisi

Abstract Most of Africa’s population is young. However, the fastest growing por-
tion of Africa’s population is that of those aged 60 years and above. Africa’s older
people suffer two common neuropsychiatric disorders namely Dementia and
Depression in addition to numerous physical ailments. In the past, Africa’s elderly
were treated with much reverence and respect; and Africa’s extended family system
ensured their welfare whereby strong family bonds held together generations of the
old, the matured, the youths and the children for the benefit of all. Today Africa is
undergoing rapid demographic and socio-economic changes due to money econo-
mies, globalization, the migration of the young in search of jobs (brain drain, rural
to urban migration etc.), and the HIV/AIDS epidemic. Growing old, in Africa today,
translates into poverty, penury and anguish. There is no official social security sys-
tem and pension schemes for the few are erratic. This, therefore, leaves the burden
of care of the elderly, especially those with dementia, to the family/relatives with the
actual caretakers being mostly women, often daughters or younger wives. These are
the ones who carry the burden of care for the majority of the old and demented in
Africa, a situation which has become increasingly unsustainable. The practice of
putting the elderly away in nursing homes or homes for the aged is alien and repug-
nant to most African cultures and ways of life. There is thus a need to revisit the
traditional African family support system and modify it to suite the modern changed
lifestyles and realities of today’s Africans and yet be in tune with the age-old African
family system of caring for their old. The practical solution, for every African fam-
ily with ageing frail parents, or grandparents, is to have a “granny apartment” and
continue to care for their elderly including those with dementia and other infirmi-
ties. This way the African elderly will continue to live with their families in dignity
till death and avoid the misery that, otherwise, awaits them in old age.

Keywords Old age * Dementia ® Misery * Family ¢ Burden of care * Granny apart-
ment * Africa
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Aging in Sub-Saharan Africa

The elderly, also called Senior Citizens, have been variously defined in different
countries, cultures and communities. Most western countries with long life expec-
tancies consider a cut off of 65 years of age which denotes the retirement age in
these countries as also being considered the age to be considered elderly. In devel-
oping countries, such as Uganda, most of the population is young and life expec-
tancy is low. In Uganda, for example over 50 % of the population is below 15 years
of age and life expectancy is, on the average, 51 years [1]. Thus, in developing
countries the cut off age to be considered elderly is 60 years. Indeed, the WHO
defines being elderly as either 60 or 65 years for a developing or developed country
respectively. In this paper the elderly will be defined as 60 years and above.

Worldwide the population of the elderly is increasing at alarming rates [2]. This
includes developing countries such as are found in Sub Saharan Africa including
Uganda [3, 4]. For long, the emphasis on the demographic and health characteris-
tics in sub-Saharan Africa has been on the high rates of fertility and on mortality
from infectious diseases such as Malaria, Tuberculosis and HIV/AIDS and less on
non-communicable diseases (NCDs) [3, 4], but this changing as the population of
those over 60 years in increasing. The elderly suffer a proportionately higher bur-
den of the NCDs be them physical or mental as well as a host of psychosocial
problems. This, combined with the frailty of the elderly, their poor economic sta-
tus, social isolation and deteriorating physical and mental health necessitates a
need to care for them. This is a universal problem of increasing research interest.
However, in Africa, there is very little in terms of research activities and data
regarding old age especially in Sub Saharan African countries including Uganda.
Yet whereas the ageing process in the developed world happened over a long period
of time, that in Sub Saharan Africa, Uganda inclusive, is happening in a matter of
a few decades [3, 4]. The attendant diseases of old age are therefore hardly
addressed in Sub Saharan Africa. This includes the age-related brain degenera-
tions, such as Dementia [3, 4].

Caring for the Elderly in Africa

Worldwide, people are living longer than ever before, a trend which has been taking
place over many decades in developed countries but a relatively new phenomenon
in developing countries but who have the largest numbers of people in the world. It
is estimated that nearly 63 % of the population aged 60 and over are living in devel-
oping countries, and it is further projected that by 2050 nearly 1.5 billion older
people will reside in developing countries [2]. These figures include Africa. This
puts a huge demand on all systems of care and social services on the communities
and governments of developing countries to care for their elderly folk [5]. In
Uganda, the projected population of older persons today (2014) is estimated to be
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Table 21.1 Population of persons > 60 years in selected African countries, 2000-2025°

Year 2000 Year 2025 % increase over

population >60 years | population >60 years |5 years in people | % increase of
Country |in thousands in thousands >60 years general population
Algeria | 1,838 4,852 260 140
Kenya 1,260 2,166 170 120
Nigeria | 5,599 10,944 200 170
CAR 180 261 150 130
South 3,006 4,875 160 80

Africa

aSource: US Bureau of the Census International Database

1,540,000, indicating an overall growth rate of 40 % of people 60 years and above
in a period of 10 years [1]. Today, the elderly constitute over 3.2 % of Uganda’s
population [6]. Such demographic shifts call for new research and legislative provi-
sions to address this concern. Table 21.1 illustrates the demographic changes seen
in some selected African countries regarding people aged 60 years and above [7].

In Africa, older people typically constitute the poorest groups of society. For
example in Uganda according to the ‘Uganda Reach The Aged Association’, over
64 % of the older persons survived on less than one Dollar ($1) a day [19]. They did
not have access to regular income and the majority did not benefit from social secu-
rity provisions. The vast majority lived in rural areas where over 85 % of the active
ones were engaged peasant subsistent farming. Many depended on one meal a day;
others survived on one meal in two or more days, a situation that affected their
health negatively [4, 8]. Various studies have found the elderly to often have many
untreated health problems such as hypertension, stroke, diabetes, heart diseases, eye
problems (trachoma and blindness), which diseases often lead to complications and
permanent incapacitation [10]. Some of the most common mental health issues and
concerns were depression, dementia, various psychoses, delirium and substance
abuse (www.Agingcare.com). In Uganda, studies conducted at Mulago National
Referral Hospital in Kampala reported similar findings with a reported 48 % preva-
lence of psychiatric morbidity among the elderly patients admitted on the non-psy-
chiatric wards [12]. Depression and dementia were the most common mental health
problems with a prevalence of 13 % and 8 % respectively [12].

Psychiatric services are poorly distributed in Africa, concentrating in urban areas
and leaving many rural communities with no services [1]. Such services for the
elderly are even more scarce. The vulnerability of the elderly in Uganda has
increased especially over the last 30 years with elderly women bearing the brunt of
it [1]. It is compounded by triad of “a culture which denies inheritance rights to
women, the burden of HIV/AIDS orphans under their care and the absence of gov-
ernment run Social Security provision”. Thus to be elderly and mentally ill in
Africa, e.g. with dementia, is to live a life of misery, suffering and penury [1].
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Traditionally, Africa had had established social networks that protected the
elderly. These systems ensured strong bonds within the extended African family
system consisting of multiple generations of the old, the grownups, the youths and
the children [3]. These relationships provided for the needs of the old. The elderly
were regarded with the utmost of respect as they were seen as the repository of
knowledge and wisdom. However socio-demographic changes in Sub Saharan
Africa have caused the elderly to be neglected resulting in much misery and penury
with no economic security, no health care and no social supports [1]. The main
causes of this problem has been the changed economic system (to a cash economy),
massive rural-to-urban migration, the brain drain, relentless wars, political instabil-
ity, the HIV/AIDS epidemic and the failure of Sub Saharan African governments to
put in place and implement programs that address the needs, concerns and care of
older persons [1]. This has thus left the burden of care for the elderly to relatives.
With the African extended family system rapidly disintegrating, the demented
elderly in Africa have suffered the most with these changed circumstances as they
have become a burden to everyone. The HIV/AIDS epidemic has added more insult
to injury by leaving the elderly to look after the many AIDS orphans whose parents
have died [1]. There is also now a new sub-epidemic of the elderly HIV-positive
individuals with significant HIV-associated neuro-cognitive disorders (HAND)
which complicates the clinical picture and care of dementia in the African elderly
[15]. Thus in summary, today the elderly in Africa are no longer playing the impor-
tant role in society they used to. They are not acknowledged and the prevailing
negative attitude towards them causes them much suffering, poor health, depressive
disorders and somatic illnesses. The elderly are often segregated and marginalized
leading to loneliness, loss of self-esteem and economic deprivation [3, 5-9, 11].
They are often abuse, exploited or their property stolen. Older women have even
been abused sexually and physically, the latter following allegations of witchcraft
practice and sorcery. A number of older persons have lost their lives, property or
have been maimed in such circumstances [11].

Dementia in Africa

Dementia is defined as progressive global cognitive impairment, principally pre-
senting as increasing forgetfulness and the problems which ensue hence from. The
problem of dementia in Africa is increasing, especially with the increasing popula-
tion of older people, the relentless HIV/AIDS epidemic which is now in its fourth
decade and the increasing numbers of man-made accidents [1]. There are thus vari-
ous causes of dementia in Sub-Saharan Africa. These include trauma, infections
(especially HIV/AIDS), substance abuse (alcohol), CNS neoplasm, cardiovascular
disease but most importantly for the old, the age-related brain degenerations. It is
this last factor, the care for those suffering from the dementias of old age in Sub
Saharan Africa, that this chapter will focus its concentration.
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Gerontological Studies in Africa: The Case of Uganda

Studies addressing the elderly in Sub Saharan Africa are few and scattered, espe-
cially those addressing care burden. Najjumba-Mulindwa (2003) found that the
elderly sick in Uganda lacked social support and care, always had feelings of nega-
tivity, frustration and powerlessness, were poor and often went hungry [11]. In a
study of the elderly hospitalized on general hospital wards, Nakasujja et al. (2007
found a prevalence of depression at 13 % and dementia at 8 % [12]. The factors
associated with the elderly’s psychological distress were poverty, lack of social sup-
port and female gender [12].

Musisi et al. [16] in a Ugandan study of the elderly accessing psychiatric care at
Mulago National Referral Hospital found the most common disorders to be
Dementia at 46 % and Depression at 30 %. These were followed by alcoholism,
bipolar disorder, anxiety disorder and psychotic disorder, with each being at about
6 % on average. Of these elderly psychiatric patients, the Male:Female ratio was
2:3, again showing that there were more elderly women than men. Their age range
was 60-96 years (Mean=74.1) with about half of them (49.1 %) being married. Of
the married, the majority were men (77 %). Of the rest who were not married, the
majority were widowed (40 %) with the biggest majority of this group being women
(85 %). These figures suggested that among the elderly in Uganda, men remained
married or remarried after losing their spouses but the elderly women remained
unattached hence calling for care from others, mainly family. Only 6 % of the
elderly were either divorced or separated and only 2 % were never married and these
were Catholic nuns who lived in institutional care at their denominational mission
stations. Thus in terms of care of these elderly, the majority of whom suffered either
dementia or depression, the burden of care fell to the family with only 2 % being in
institutional care. The question then was “Who, among the family members, actu-
ally looked after the elderly?” Table 21.2 shows the sources of care and support for
the elderly psychiatric patients in Musisi’s study [16].

As Table 21.2 shows, in that study, Musisi et al. (2008) found that the majority
of the elderly, (58.9 %), were being looked after by their children especially daugh-
ters (32.3 %) who looked mostly after their ageing widowed mothers in about half

Table 21.2 Sources of care for elderly psychiatric patients

Males (N=22) Females (N=31) Total (N=53)

Source of supporta n (%) n (%) n (%)
Daughter 2(9) 15 (48) 17 (32.3)
Son 6 (27) 8 (25.6) 14 (26.6)
Spouse 8 (36) 3(9.6) 11 (20.9)
Self 4 (18) 4(12.8) 8(15.2)
Grandchildren 2(9) 1(3.2) 3(5.7)
Others 1(4.5) 1(3.2) 2 (3.8)

3Some of the elderly had more than one source of support/care
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(48 %) of the cases [16]. The sons looked after their ageing parents in 26.6 % of the
cases and they did this in almost equal numbers (25.6 % mothers and 27 % fathers).
Spouses looked after the elderly in 20.9 % of the times but this was mainly (younger)
wives looking after their (elderly) husbands (36 %), meaning that men tended to
remarry in old age but the widowed or separated/divorced elderly women remained
unattached. About 15 % of these elderly looked after themselves with no one else to
help and 6 % were found to be in extreme states of neglect with dementia, malnutri-
tion and in very poor states of clothing, self-care and household environment. For
these, only the neighbors paid cursory calls to them once in a while to give them
food, water or do some house chores like laundry. The following case report illus-
trates this point.

Case Report I: Elderly Man with Dementia in Poor State of Care

GM was a 92 year old widowed elderly gentleman who lived alone in a rural area in
his tin-roofed house with no piped water and no electricity (Fig. 21.1). He was a
Retired Civil Servant. He had married two wives and had had 12 children. His first
wife died of natural causes as a young elderly. He then lived with his second wife
after retirement from the government job but she also died later on leaving him as a
widowed elderly. He decided to live alone trusting his pension income and he would
till the land for food. He had lost four of his children to HIV/AIDS and he helped
look after some of the orphaned grandchildren. Three of his living children lived
abroad in Europe and only rarely visited him when on vacations and only for a short time.

Fig. 21.1 Elderly and
widowed GM with dementia
in rural Uganda
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The rest of his children were also grown up and lived in the city and only
occasionally visited him in the countryside. His grand children had also grown up
and had moved to the city looking for jobs. Most were unemployed and offered no
help to GM.

GM did well for about 10 years after retirement at age 60. Then, he was still
strong and healthy. Later on, his health began failing, beginning with his vision and
he became functionally blind. He developed hypertension and often went into heart
failure. He could no longer go to the city for his pension payments because it was
too far and it became too expensive. His physical health waned and he could not till
the land as strongly as before. His food production fell and he often went hungry.
His memory then began failing and later developed frank dementia. He lost weight,
developed malnutrition and anemia. He became quite frail and had no one to help
him. Only the neighbors would pay courtesy calls to his house to give him food,
water and do some of his laundry. Some delinquent youths on the village began
stealing his farm foods and even items from his house. Some of his far stretched
land was usurped by encroachers. There was no one to help. He fell into extreme
poverty and neglect till some two grandchildren organized themselves on a rotating
basis to visit him biweekly. Even then, this was not enough. GM needed continuous
help on a daily basis.

HIV/AIDS, Dementia, and the Elderly

The Availability of Highly Active Anti-retroviral Therapy (HAART) has improved
the lives of many people living with HIV/AIDS, thus enabling them to live longer
lives. Moreover with the HIV/AIDS epidemic now in its fourth decade in Africa,
many individuals infected with HIV in middle age are now of old age. These elderly
living with HIV/AIDS are more likely to be vulnerable to the multiple social, psy-
chological and physical problems associated with HV/AIDS including HIV-
associated neuro-cognitive disorders or HAND with HIV-Associated Dementia
(HAD) being the most problematic [18]. In a study of HIV immune-suppressed
individuals at risk of cognitive impairment in Kampala, Uganda, Sacktor et al.
(2009) reported that, in untreated HIV-infected individuals with advanced immune-
suppression, HIV-associated dementia (HAD) was more common among patients
infected with the subtype Clade D virus than among those infected with subtype
Clade A virus [15]. These findings provided the first ever evidence demonstrating
that HIV subtypes may have a pathogenetic factor in their capacity to cause cogni-
tive impairment. With subtype Clade D being more common in Africa, this finding
added further evidence of the risk of dementia neuro-pathogenesis among HIV-
positive individuals in Africa, especially those who had had the infection for longer
periods or in the more severely immune-suppressed as is likely to be the case in the
elderly HIV-positives.

As regards to the care of the HIV Associated Dementia patients, Musisi et al.
(2009) investigated the socio-demographics, clinical profiles and social supports of
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Table 21.3 Socio- Characteristic Number (N=118) | Percentage (%)

demographic charac.t.eristics Sex

of elderly HIV- positive

patients in care, Kampala Female 43 40.7
Male 70 59.3
Age (years)
60-69 103 87
70-79 9 8
>80 6
Marital status
Married 44 37.3
Widowed 39 33.1
Separated/Divorced 10 8.5
Never Married 25 21.2
Occupation
Employed/pension 23 19.5
Peasant Farmer 14 11.9
Self employment 22 18.6
Unemployed 59 48.9

HIV-positive elderly individuals in Uganda as seen at a specialized HIV care Centre
in Kampala, Uganda using retrospective chart abstractions. Table 21.3 summarizes
their demographic characteristics [17].

Among these elderly HIV-positives, the Male:Female ratio was 3:2 with 87 %
being young elderly aged 60—69 years, 8 % were aged 70-79 years and 5 % 80 years
and above. Over 37 % were married, 33 % widowed and 30 % unattached. About
half of them (48.9 %) were unemployed and had no income with almost 30 %
engaging subsistence self employment or peasant farming and only 20 with employ-
ment or pensions. Thus almost 80 % of the elderly HIV positives had no reliable
source of income. Table 21.4 summaries their source of support.

Over a third (33.3 %) of these elderly HIV-positives said they were self-reliant
and needed no support. However some 46 % felt they needed support but didn’t get
any. These latter lived in very poor conditions and were in most cases unattached as
regards to their marital status (i.e. widowed, never married, divorced/separated).
Family/relatives provided care/support in only about 20 % of cases and non-relative
friends in 3.5 % of cases. Only 15 % of these elderly HIV-positives felt they had
good enough support. None of the respondents were in institutional care.

In summary most of the elderly HIV-positives, who in most cases had HIV-
associated neuro-cognitive disorders (HAND) including HIV-associated dementia
(HAD) did not have care. They, in most cases, had to rely on themselves. Often
they missed their appointments for follow up HIV care. A few lucky ones had a
family member, usually their child, who looked after them. There was much secrecy
regarding their illness of HIV/AIDS. The following case report illustrates these
points.
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Table 21.4 Sources of Number

support and care of HIV- Support? (N=118)| Percentage (%)
positive elderly with

psychiatric illness Provided by

Self-reliant 36 333
Family 19 17.7
Friends (non-relatives) 4 3.5
No support 49 46
Perceived quality of support

Good 16 15
Fair 28 25
Poor 15 14
No support 49 46

3Some respondents had more than one source of support/care

Case Report II: Elderly Woman with HIV-Dementia Being Looked
After by Her Children
WG was a 74 year old widowed HIV-positive lady. Her husband had died 15 years
earlier from a long illness which the family, when in public, claimed to be cancer
but which no one talked about. The family had lived in a war area and WG had been
raped by soldiers, but this was kept as a family secret. Many years later, GW con-
tracted Pulmonary Tuberculosis (PTB) which was successfully treated. Because of
the doctor’s suspicion, an HIV test was done and found to be positive. This was
10 years ago. WG was reluctant to tell her children of this diagnosis. It is when she
lost a lot of weight as well as her hearing that she confided in her oldest daughter
who worked in a hospital. She was then started on Anti-retroviral drugs (ARVs)
which she took religiously. For over 5 years, WG developed progressive forgetful-
ness and would even lose her way home. She forgot where she had placed items
including money, forgot her children’s names and had been unable to take care of
her Activities of Daily Living, ADLs. She also developed a seizure disorder. Her
children were all grown up and busy with their families and jobs. WG had no one to
look after her and she often missed her doctor’s appointments and would forget to
take her medications. On a psychiatric consultation, a diagnosis of HIV-Associated
Neuro-cognitive Disorder (HAND) was made, more specifically HIV —Associated
Dementia (HAD). The E.N.T consultant felt she had also developed central (nerve)
hearing loss from the HIV involvement of the eighth cranial nerve given the virus’s
neurotropic propensity. Her seizure disorder was also part of her HAND.
Discussions regarding her care were held with her son and two daughters. Her
son decided to convert two rooms of his “Servants Quarters” into a self contained
“In-Law Apartment”. He then moved his mother to permanently stay with his fam-
ily who would look after all her needs including feeding, ADLs and taking her to
hospital to attend for her HIV/AIDs care. GW is doing well, being looked after by
her son and his family.
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Conclusion

Africa is changing and changing very fast. Africa’s population is young. However,
the fastest growing portion of Africa’s population is that of those aged 60 years and
above. Studies in Africa’s older people have shown them to suffer two common neu-
ropsychiatric disorders namely Dementia and Depression [11-14, 16]. In the past,
Africa’s elderly were treated with much reverence and respect and considered the
repository of wisdom; and Africa’s extended family system ensured their welfare.
Africans had established social networks that protected the aged, enhanced family
support in situations of difficulty and provided strong bonds within the extended
family system whereby generations of the old, the matured, the youths and the chil-
dren all benefited [3, 4, 8, 11]. With the rapid demographic and socio-economic
changes taking place in Africa today, the changed relations in a cash economy, glo-
balization and the migration of Africa’s young in search of jobs abroad (brain drain)
or in cities (rural to urban migration), and the HIV/AIDS epidemic have all made it
difficult for families to continue looking after their elderly as was the case before.
Growing old, and especially very old, in Africa today translates into poverty, penury
and anguish. Pension schemes are poorly administered and often not sufficiently
indexed to inflation or cost of living. Indeed one soon learns not to trust in a pension.
Moreover a number of government systems are run by corrupt officials who often
make it difficult to receive one’s pension money until a bribe is paid. There is no
official social security. With the exception of religious missionary stations (usually
Catholic missions), there is virtually no institutionalized care for the aged in most of
Sub-Saharan Africa such as nursing homes or homes for the aged. This, therefore,
lives the burden of care of the elderly, especially those with dementia, to the family/
relatives. As well illustrated by the Ugandan studies, the actual caretakers in the
families are usually women, often daughters or younger wives. These are the ones
who carry the burden of care for the majority of the old and demented in Africa.
With the old African extended family system increasingly disappearing and in
the absence of official social security, today’s aged in Africa face a dilemma of
existence. The question then of what should be done becomes imperative. The prac-
tical idea of putting the elderly away in nursing homes or homes for the aged is alien
and repugnant to most African cultures, thinking and ways of life. Yet current gov-
ernments in Africa do not have adequate pension programs, social security or health
insurance to cater for the aged. There is thus a need to revisit the traditional African
family support system and modify it to suite the modern changed lifestyles and
realities of today’s Africans and yet be in tune with the age old African family sys-
tem of caring for their old. This new approach should be driven by the African belief
that the aged are an important part of the family and community who play a very
functional and valuable role in society. This is the traditional belief of Africans
which should be cherished and enhanced to care for the aged and especially those
with dementia in Africa. In this vein, I conclude by recommending that for every
African household with ageing parents/grandparents, building “granny apartments”
will help not only in the care of the elderly with dementia and other infirmities but
also ensure family continuity. This is in addition to lobbying governments to estab-
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lish community based support programs formulated by government policies for the
specific social and health needs for the elderly. This way the elderly will continue to
live with their families in dignity till death and avoid the misery that awaits them in
old age where there are no such initiatives.
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prevention, 83
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Disease, 148
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Kampala Capital City Authority (KCCA), 35
Kearns-Sayre syndrome, 149
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Lou Gehrig’s disease, 31

Low and Middle Income Country (LMIC),
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Lysosomal disorders, 148
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Magnetic resonance imaging (MRI)
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neuro-imaging, 153
radiological, 258
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treatment, 258-259

Measles
clinical features, 155-156
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mortality rates, 155
pathogenesis, 156
risk factors, 156
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Medical wards
characteristics, in-patients, 38—40
distribution by district, 37
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lymphomatous, 235
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Montgomery-Asberg Depression Rating Scale
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Mood stabilizer, 259, 260
Mother-to-child transmission of HIV (MTCT),
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MSE. See Mental Status Examination (MSE)
Mulago hospital. See Strokes
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administration, 34
Cancer and Heart Institutes, 42, 43
description, 35-37
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and KCCA, 35
methods, 35
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wards)
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NACC. See National Alzheimer’s
Coordinating Center (NACC)

National Alzheimer’s Coordinating Center
(NACCQ), 5,6, 8

National Cell Repository for Alzheimer’s
Disease (NCRAD), 5, 6, 8

National Institutes of Health (NIH), 4

National Institutes on Aging (NIA), 4-6, 9

NCRAD. See National Cell Repository for
Alzheimer’s Disease (NCRAD)

Neonatal brain injury, 185-186
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Neurodegenerative diseases
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Neurodegenerative disorders
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cardinal features, 146—-147
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clinical examination, 148
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diagnosis, 140
epidemiology, 139-140
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in-depth history, 147
in infancy, 144-145
investigations, 149—-150
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abnormalities, 141-145, 148
non-progressive, 147
postnatal complications, 148
role of neuroimaging, 150
structure and function, 139
treatment guidelines, 150151
type of disorder, 138
WHO, 138
Neurodevelopmental disorders, 138—140
Neuroimaging
cranial CT, 150
etiological mechanism, 95
intracranial infections, 222
organ structure and function, 150
Philips Tomoscan CX/Q 1994, 223
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stroke diagnosis, 95
Neuropsychology assessment
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intoxications, 241
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Neurosurgery, strokes, 100
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Niacin. See Vitamins
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clinical features, 158-159
northern region, 158
pathogenesis, 159
symptomatic improvement, 158
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basal ganglia, 26
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genotypes and phenotypes, 6
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neurodegenerative diseases
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CSF Ap42 level, 7-8
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“silver tsunami”, 4
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People living with HIV AIDS (PLWHA),
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Psychiatric disorders, 215
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HIV infection, 112
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Psychiatric symptoms, 57, 58, 60
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Secondary mania, HIV/AIDS
cryptococcal meningitis, 269
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etiology, 266268
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neuropathogenesis, 264, 266
pathogenesis, 266, 268
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prognosis, 270
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treatment, 269-270
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Stroke complications
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definition, 89
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neuroimaging, 95
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secondary prevention, 101-102
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TB and cancer
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University of Pennsylvania School of
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Vitamins
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