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Abstract
Purpose of the Review Despite the global mortality reduction in the last two decades, diarrhea remains the secondmajor cause of
mortality in children less than 5 years of age, particularly in countries like Mozambique. This article aims to review the available
data on the burden and etiology of diarrhea in Mozambique.
Recent Findings Epidemiological studies defining the burden and etiology of diarrhea (mostly from SouthernMozambique) have
demonstrated a high disease burden and an associated case fatality rate of nearly 10%. Rotavirus, Shigella spp., enterotoxigenic,
and enteroaggregative Escherichia coli, Vibrio cholerae, and Cryptosporidium spp. have been reported to be associated with
infantile diarrhea. Rotavirus vaccine has greatly impacted in the reduction of diarrheal hospitalization cases across the country.
Summary Understanding the local epidemiology of diarrhea across the country is critical for defining and prioritizing other
enteric vaccines or interventions that can contribute to accelerate the reduction of morbi-mortality of infantile diarrhea in
Mozambique.
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Introduction

Despite that diarrheal mortality has been declined over the
last two and half decades (1990–2015), with tremendous
reduction of nearly 40% between 2008 and 2010 [1, 2],
the associated deaths remain unacceptably high (https://
www.unicef.org/lac/20161111_UNICEF-one-is-too-many-
report.pdf). In 2015, diarrheal disease was ranked as the
second cause of childhood mortality, accounting for 8.6%
of 5.9 million deaths among children under 5 years old
globally [3]; and 88% of all deaths occurred in sub-
Saharan Africa and South Asia [3].

Nevertheless, efforts have been made, particularly in sub-
Saharan Africa to prevent childhood deaths as witnessed by
decrease in the number of under five deaths from 549.092 in
2000 to 310.967 in 2013 [4]. Several factors may have played
a role in the reduction of diarrheal morbidity and mortality,
such as improvement of sanitation, access of clean water, in-
creased supply of oral rehydration salts solutions (ORS), and
the introduction of vaccine against rotavirus recommended by
the World Health Organization in 2006 [4–6].

In Mozambique, estimates from verbal autopsy study
showed that diarrhea is responsible for approximately 20%
of hospital admissions, being the fourth cause of mortality
preceded by malaria, HIV, and pneumonia respectively in a
rural community of Manhiça [7]. In addition, reports have
shown decline of diarrheal-related deaths from more than
13,105 annually in 2010 to almost half (7340) in 2015 among
children under 5 years old affecting particularly children under
2 years of age [1, 8, 9]. One of the limitation of the aforemen-
tioned report was unable to assess the contribution of specific
pathogen on diarrhea morbidity and associated mortality. In
this review, we aim to compile available data on diarrhea from
the last two decades in Mozambique, from various perspec-
tives: analyses of the etiology, prevalence by provinces, and
different interventions implemented in the country.
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Methodology Notes

Our review summarizes the most relevant and recent literature
of pediatric diarrhea in Mozambique following a search of
PubMed, and review of available data from other sources such
as demographic surveys (DHS), Multiple Indicator Cluster
Survey (MICS) Health Information System for Monitoring
and Evaluation SIS-MA and the personal perspectives of con-
tributing experts. We searched PubMed, with the keywords
“etiology of diarrhea; viral, parasitic and bacterial diarrhea in
Mozambique” as our primary search term, to identify studies
published between January 1997 and December 2017. We
also used the combination of specific pathogens (e.g.,
Rotavirus, Shigella, Salmonella, Escherichia coli, etc. in
Mozambique) to expand our search.

Studies Investigating Diarrheal Disease

Studies investigating etiology of diarrhea are few in
Mozambique, particularly those from outside of southern
Mozambique, and among them, only some have addressed a
broad range of pathogens, as the majority have focused on
specific pathogens. Then, this resume will contribute to fill
the existing gaps on the lack of countrywide data on pediatric
diarrhea and may be critical for appropriate planning of future
studies. Because this is the first literature review on pediatric
diarrhea, along with limited availability of data, we aimed to
review and summarize the existing epidemiological and ad-
ministrative data on the burden, etiology, and prevention of
diarrheal disease in Mozambique during the last two decades
(1997–2017).

Burden of Diarrheal Disease in Mozambique

In Mozambique, administrative data on infectious disease,
mainly for communicable diseases (which also include diar-
rheal disease) is routinely collected throughout the country
based on weekly epidemiological bulletin (Boletim
Epidemiológico Semanal (BES)). BES consists in recording
and reporting all communicable disease seen at the health
facilities, and data is transmitted from the health facility to
district, provincial, and national level. So far, this is the only
countrywide available data that often used to estimate the
overtime trends of the specific diseases and can be used to
indirectly assess the impact of interventions (e.g., rotavirus
vaccine introduction). On the other hand, the national demo-
graphic health surveys aimed to estimate the main health prob-
lems including the major diseases contributing to morbi-
mortality burden are relevant source of diarrheal disease data
as discussed below.

Surveys Estimating the Burden of Diarrheal
Disease

Between 1997 and 2011, four surveys (demographic health
surveys (DHS) and Multiple Indicator Cluster Survey
(MICS)) were conducted across the country [9–12] and
provided a snapshot on the incidence of community-
reported diarrhea, suggesting that the national prevalence
of diarrhea has been declining over the time (21% in 1997,
14% in 2003, 18% in 2008, and 11% in 2011). Despite that,
the survey from 1997 was conducted among children less
than 3 years of age, while the others included children up to
5 years; all consistently showed high incidence of diarrhea
among children aged 6 to 23 months old [9–12].

Because the hygiene and sanitation vary according to the
provinces, these surveys were somehow useful to assess the
local level of progress (indirectly measured as a trend of diar-
rhea incidence) of the implementation of the strategies to pre-
vent diarrhea. Therefore, there was a substantial reduction (to
less than 10%) on diarrhea’s prevalence for Cabo Delgado,
Inhambane, Manica, and Maputo City, in contrast to
Zambézia, Tete, Sofala, and Gaza that remained above 10%
between 1997 and 2011 as shown in Table 1 [9–12].

This data may have important implications to define local
specific interventions to reduce the burden of diarrheal dis-
ease, despite the limitation of these surveys that were unable
to assess the contribution of specific pathogen on disease bur-
den due to the lack of stool samples for microbiological
investigations.

Epidemiological Studies Defining Burden
and Etiology of Diarrhea

The infectious diarrhea is caused by a wide range of path-
ogens, such as bacteria, parasites, and viruses; however,
only a small number of pathogens have been found to be
associated with diarrhea [13–16]. In Mozambique, etiolog-
ical data and its association with diarrhea are critical for
defining and planning appropriate strategies for diarrheal
prevention and/or control, and the relevant pathogens are
summarized below.

Viral Etiology

Among viral pathogens, rotavirus remains the leading
cause of severe diarrhea, particularly in children less than
2 years of age, globally [17]. In Mozambique, Early’s
(2005) study [18] from urban area of Maputo City docu-
mented rotavirus among the leading pathogen associated
with mild diarrhea in children less than 5 years accounting
for 18.2% in symptomatic and 5% in asymptomatic
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children [18]. Similarly, the recently ended Global Enteric
Multicenter Study (GEMS) case-control [19] highlighted
rotavirus as the leading pathogen associated with
moderate-to-severe diarrhea, particularly in Mozambican
infants from rural Manhiça District with attributable frac-
tion of 34.75% (95% CI 31.30–38.20) [20••], in contrast to
early study by Mandomando [21] that was unable to detect
rotavirus. Furthermore, Acácio et al. (Manuscript submitted
to Vaccine) reported that the rotavirus incidence rate is even
higher in infants with less severe diarrhea (24.7 cases per
100 children-years; 95% CI 915.02–34.35) compared to
those with moderate to severe diarrhea (3.07 cases/100
children-years; 95% CI 2.49–3.66).

Data from additional studies (despite did that did not
enroll controls) corroborated with the general finding of
rotavirus being the most frequently pathogen detected ac-
counting for 24% of hospitalized under five children with
diarrhea (with 97% of the positive cases detected in chil-
dren younger than 2 years of age) in the Chokwé District,
Gaza Province [22•], and 42.4% (1.7-fold positivity rate
higher than Chokwé) in the Maputo Province [23]. In the
latter, rotavirus was found to be slightly more prevalent in
urban area (44.3% in the Mavalane General Hospital) com-
pared to 41.3% in rural area of Manhiça District, with high
frequency among children aged 6–23 months [23].
Nevertheless, the single study conducted in the three re-
gions of the country (North—Nampula Central Hospital,
Nampula; Central—Beira Central Hospital, Sofala and
Quelimane General Hospital, Zambezia; and South—
Mavalene General Hospital and Maputo Central Hospital,
Maputo) [24••] demonstrated a clear reduction of rotavirus-
associated diarrhea from 40.2 and 38.3% in 2014 and 2015,
respectively, to 12.2 and 13.5% in 2016 and 2017, respec-
tively [24••], supporting the benefit effect of rotavirus vac-
cine adoption in September 2015.

Adenovirus 40/41 and Other Enterovirus

The available data with regard to other enterovirus are from
the GEMS, where Adenovirus 40/41, Norovirus I/II,
Astrovirus, and Sapovirus were detected in similar proportion
between cases and controls ranging from 0 to 5% [20••]. From
the aforementioned viral pathogens, only Adenovirus 40/41
was associated with diarrhea with attributable fraction of 2.73
(95% CI 2.33–3.13) among children aged 12–23 months
[20••]. In addition, recently, Bero et al. [25] reported for the
first time the occurrence of human enterovirus (HEV) in chil-
dren with and without diarrhea in Maputo in approximately
1.5% of enrolled children [25].

Intestinal Parasites

Intestinal parasites (helminths and protozoa) are an impor-
tant cause of morbidity and mortality in developing coun-
tries. Parasites are very common in the countries with defi-
ciency in water supply, and poor hygiene and sanitation
which prone their transmission through contaminated water
or food [26]. Comprehensive data on the contribution of
parasitic agents was assessed within the GEMS study, pro-
viding a snapshot of the relevant pathogens. Interestingly
was the unexpected finding of protozoa Cryptosporidium
spp. as the second leading pathogens, only after rotavirus
associated with diarrhea in infants [20••]. The burden of
Cryptosporidium reported in this study is a matter of con-
cern as approximately 15.3% (95% CI 11.96–18.56) of di-
arrhea in this age group can be attributable to this pathogen
yielding an incidence rate of 1.56 (95% CI 1.15–1.97) cases
per 100 child-years-at-risk [20••], as currently, there is no
effective licensed drug for cryptosporidiosis treatment.

Table 1 Incidence of childhood
diarrhea in Mozambique
estimated by community survey
stratified by province
Mozambique, 1997–2011

Studies and years

Province IDS 1997 (%) IDS 2003 (%) MICS 2008 (%) IDS 2011 (%)

Maputo Cidade 17.4 21.2 17.0 9.9

Maputo Província 18.6 8.7 15.7 10.0

Gaza 8.0 9.6 19.4 11.6

Inhambane 7.6 13.3 15.6 4.5

Sofala 18.7 12.4 15.7 14.5

Manica 21.6 14.0 16.0 9.8

Tete 25.9 7.0 18.0 13.8

Zambezia 34.6 9.5 16.5 14.0

Nampula 25.1 21.8 22.9 10.3

Cabo Delgado 23.4 18.3 18.3 4.1

Niassa 20.6 11.6 12.8 10.8

Total 21 14 18 11

Curr Trop Med Rep (2018) 5:115–124 117



Furthermore, the inverse association of Giardia lamblia
with diarrhea suggests that Giardia may play protective role
against moderate-to-severe diarrhea [14]; raising important
questions on the implication for the physicians’ clinical prac-
tices on the management of patient of whoGiardia is detected
in stool. Therefore, the clinical significance and interpretation
of the detection in another studies in the country (varying from
2.5 to 16.1%) [21, 27] may be done with caution.

The GEMS study failed to establish the association be-
tween etiological agents of amoebic dysentery (Entamoeba
histolytica), as it was detected in the range of 9 to 12%
[20••]. The rate ofE. histolytica detection was similar between
the rural community of Manhiça [20••] and urban areas (6–
11%) [27, 28].

Lastly and not least, data from the National Surveillance of
Acute Diarrhea in children less than 5 years of age in
Mozambique (2013–2015) showed that Ascaris lumbricoides
(18%) and Trichuris trichuria (12%) are among the most fre-
quent soil transmitted helminths [28], while T. trichuria and
A. lumbricoides were less common accounting with 6.5 and
2.2%, respectively, in the study by Fonseca [27].

Bacterial Diarrhea

Bacterial diarrhea pathogens, particularly diarrheagenic
E. coli pathotypes, Shigella spp., Salmonella enterica, Vibrio
cholerae, Aeromonas spp., andCampylobacter jejuni/coli, are
among the major etiological agents of endemic diarrhea in
developing countries.

E. coli are versatile pathogens as are part of animals and
human flora. The pathogenic strains are common causes of
bacterial infections associated with high morbidity and mor-
tality, particularly in developing countries [29, 30]. Twomajor
groups of pathogenic E. coli—diarrhoeagenic E. coli (DECs)
and extra-intestinal pathogenic E. coli (ExPEC)—are recog-
nized, differing in their virulence factors and associated clin-
ical syndromes [31]. There are at least seven pathotypes of
DECs (with six well recognized), enteropathogenic (EPEC),
enterotoxigenic (ETEC), enterohaemorrhagic (EHEC),
enteroinvasive (EIEC), and the most recently identified
enteroaggregative E. coli (EAEC), diffusely adhering E. coli
(DAEC) and cytolethal distending toxin (CDT)-producing
E. coli [32]. Of these, EPEC, ETEC, EIEC, EHEC, and
EAEC are clearly associated with different clinical types of
enteritis, while the other pathotypes are candidates as potential
pathogens, but their association with diarrhea has not been
clearly assessed, and further studies are required to confirm
their etiological role in enteric diseases [31].

The early study that investigated DECs in Mozambican
children focused on mild diarrhea in Maputo City combining
both molecular and cytological approaches, and showed that
59.2% (298/503) of E. coli isolated from stools had a

potentially pathogenic phenotype or genotype, of which 229
(41.8%) came from symptomatic and 69 (18.1%) from
asymptomatic children, p < 0.0001 [18]. Molecular analysis
showed that ETEC (2.8 vs. 0.8%, p = 0.0499), EAEC (9.5
vs. 4.5%, p = 0.0067), DAEC (22.8 vs. 11.0%, p < 0.0001),
and cytotoxic E. coli (4.2 vs. 1.1%, p = 0.0048) were signifi-
cantly found among symptomatic than asymptomatic chil-
dren. In this study [18], EIEC was uncommon (0.3%) and
no EHEC strains were recovered [14], and to date, this is the
only study that found the association of EAEC (4.7% among
cases vs. 1.6% among controls, p = 0.0098) and DAEC
(10.8% in cases and 6.3% in controls, p = 0.0195) with diar-
rhea [18].

In contrast to the findings from other studies [15, 18, 20••,
21], Sumbana et al. [33] found EIEC pathotype as the most
frequent (21%) of the 80 E. coli isolated from children with
diarrhea in Maputo City, followed by EPEC (19%), EAEC
(15%), and DAEC (5%). The GEMS failed to identify the
association of EAEC with moderate-to-severe diarrhea, while
Shigella spp., Vibrio cholerae, and ST producing ETEC were
so [14, 20••]. The differences in the role of EAEC between the
two case-controls studies may be explained by the severity of
diarrhea and the geographic location, as the study by Rappeli
was conducted in children living in urban area with mild di-
arrhea, while the GEMS focused on moderate-to-severe diar-
rhea from rural area [18, 20••].

Although pediatric morbidity from shigellosis remains sub-
stantial, mortality has diminished, in part, due to the virtual
worldwide disappearance of the highly virulent Shiga toxin-
producing Shigella dysenteriae serotype 1 and because the
World Health Organization guidelines recommend antibiotic
treatment for clinical dysentery (diarrhea with gross blood)
[34]. Data on shigellosis are very scarce in Mozambique,
and a part of the early report of outbreak of dysentery that
affected the country in 1993, with a total of 47,483 cases
and 199 deaths, was reported, yielding an incidence rate of
292.5/100,000 and a fatality rate of 0.25% for the whole coun-
try [35]; to our knowledge, only two studies have investigated
the role of shigellosis in endemic pediatric diarrhea [14, 36].
Shigellosis was found to be responsible of approximately 25%
of bloody diarrhea among children aged < 5 years attending
the outpatient department with minimal community incidence
rate as high as 488.4/100,000 child-years-at-risk [36].
Furthermore, the role of shigellosis for pediatric diarrhea has
been confirmed in the GEMS providing supporting data for
the need of vaccine for prevention of this disease, where
Shigella was among the top five attributable fraction of child-
hood diarrhea in the seven countries [14]. In addition, epide-
miological data on shigellosis have provided a snapshot on
serotypes circulating to guide vaccine development with
broader coverage with the predominant serotypes circulating
in Mozambique [34, 37] which include S. flexineri 2a (38%),
S. flexineri 6 (18.9%), and S. flexineri 1b (10.8%) [34].
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Salmonella enterica particularly non-typhoidal Salmonella
have been for long implicated in self-limited gastroenteritis,
and extra-intestinal infections including bacteremia which
may occur, particularly in infants less than 3 months of age
[38, 39]. However, in the last years, in sub-Saharan Africa
including Mozambique, gastroenteritis associated with
Salmonella are uncommon [20••, 21] and multidrug-resistant
strains Salmonella ST313 have emerged as cause of invasive
disease with high case fatality rate [40], including the occur-
rence of Salmonella Typhimurium DT104 [41]. In contrast to
Salmonella gastroenteritis, the incidence rate of invasive non-
typhoidal Salmonella (nearly 220 cases/100,000 child-years-
at-risk) [40], particularly Salmonella Typhimurium, is similar
to those reported for Streptococcus pneumoniae in Manhiça
community [42]. Salmonella isolation in stool has been less
than 2.5% [21], and no statistical differences were found be-
tween cases and controls in children living in rural community
of Manhiça [20••].

Campylobacter jejuni/coli have been always ranked among
the major diarrheal bacterial pathogens; however, in
Mozambique, its prevalence ranges from 1.7 to 6% with no
statistical difference between cases and control [20••, 21]
when assessed by conventional microbiological techniques
[43]. The lower frequency of Campylobacter spp. found in
these studies is consistent with that from other African studies
in which these microorganisms have been isolated in around 3
and 8% [44], and this lower frequency may be partially ex-
plained by the difficulties to culture this pathogen.

Cholera is endemic in sub-Saharan Africa and causes sub-
stantial outbreaks in many countries including Mozambique
that has experienced endemic and epidemic cholera for de-
cades. During 2000–2009, suspected cholera cases reported
annually to the WHO varied from a low of 2226 during 2005
to a high of 24,375 during 2002 associated with case fatality
rates ranging from 0.46 to 1.4% during 2000–2009 [45]. The
national annual cholera incidence varied from 12.0–126.5 per
100,000 populations during 2000–2009, while data from na-
tional surveillance (2009–2011) showed an average of annual
incidence of 55 per 100,000 population between 2009 and
2011 [45]. In this period, the provinces mostly affected were
Zambezia (n = 6806), Cabo Delgado (n = 5473), Gaza (n =
128), and Inhambane (n = 37), and the national case fatality
rate was 0.87% (220 deaths among the 25,431) [45].

Despite that cholera has been devastating Mozambique,
particularly in Central and Northern regions, there was a
decrease in the number of cases reported in the last years.
Data from Africhol program (October 2011 to December
2015) aimed to enhance surveillance zones located in the
provinces of Sofala (Beira), Zambézia (District Mocuba),
and Cabo Delgado (Pemba City), and showed that three
outbreaks during the study period occurred with the dis-
tricts of Cuamba, Montepuez, and Nampula being mostly
affected [46]. During the study period, a total of 1863

suspected cases (87.1% reported during the rainy season)
with a case fatality ratio of 1.2% were reported, with 52.2%
of the cases tested yielding a positivity rate of 23.5% for
Vibrio cholerae O1 Ogawa, reinforcing the importance of
continued cholera surveillance, including a strong labora-
tory component [46]. In addition, children less than 5 years
of age were less affected (26/216, 12%), compared to other
age groups with > 21% of confirmed cases [46].

Similarly, to Africhol and National Surveillance, the
GEMS found that endemic V. cholerae Ogawa O1 is an im-
portant pathogen for childhood diarrhea with attributable frac-
tion of 8.3 (95% CI 2.8–13.9) among children aged 24–
59 months admitted at the hospital with moderate-to-severe
diarrhea [14].

Even though that the number of cholera outbreaks has been
diminishing over the years, new outbreak was reported in
Nampula with 12 confirmed cases [47]. Another outbreak
was reported between August of 2017 and February of 2018
with 1.799 reported cases and 1 death in northern of
Mozambique (Nampula and Cabo Delgado) [48]. These out-
breaks of cholera show the need to intensify actions of hy-
giene, sanitation, and health education and determining asso-
ciated factors of the outbreaks in each of the provinces. In
order to reduce case fatalities related to cholera, the govern-
ment introduced cholera vaccine in Nampula in 2016 as pri-
ority considering the background of the province, and more
than 425.486 doses of vaccine were sent to Nampula to im-
plement the campaign [49].

The Role of Molecular Techniques in Disease
Burden Estimation

The determination of the microbiologic etiology of enteric
infection remains an important challenge, in part due to
limitations of conventional approaches, including culture,
microscopy, and antigen-based detection. Therefore, mo-
lecular diagnostics, especially PCR-based tests, are rapidly
changing research and practice in infectious diseases and
with high sensitive, may result in the detection of low levels
of enteropathogens which could contribute to define the
true disease burden and pathogen specific. Indeed, the re-
analysis of the GEMS study [14] using a quantitative PCR
[50••] showed that overall, pathogen-attributable diarrheal
burden was higher as 89.3% (95% CI 83.2–96.0) at the
population level, compared with 51.5% (48.0–55.0) in the
original GEMS analysis. The incidence for most pathogens
was greater with qPCR than with the original methods, par-
ticularly for adenovirus 40/41 (around five times), Shigella
spp. or enteroinvasive E. coli (EIEC) and Campylobactor
jejuni/coli (around two times), and ST producing ETEC
(around 1.5 times). The six most attributable pathogens
became, in descending order, Shigella spp., rotavirus,
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adenovirus 40/41, ST-ETEC, Cryptosporidium spp., and
Campylobacter spp. [50••]. Reanalysis of the GEMS data
from Mozambique showed that pathogens like with attrib-
utable fraction (AF) of 11.2 (95% CI 3.0–20.0) and
Adenovirus 40/41 (AF = 13.3, 95% CI 11.3–24.1) in in-
fants; typical enteropathogenic E. coli (AF = 3.4, 95% CI
1.5–10.5), Adenovirus 40/41 (FA = 11.3, 95% CI 4.8–
23.4), and Norovirus GII (AF = 3.8, 95% CI 1.7–9.2) in
children 12–23 months; and Aeromonas (AF = 5.6; 95%
CI 1.1–12.5) in older children were among the pathogens
that significantly increased the detection rate and contribu-
tion in moderate-to-severe diarrhea by qPCR [50••]. These
results highlight the importance of the qPCR on diarrheal
disease burden assessment and also that this technique can
be adopted in the research institution in Africa as platform
for investigation etiology of diarrhea in these settings (often
with a lack of well-trained staff challenging the accurate
diagnosis). Despite that TaqMan Array Card is an expen-
sive technology, it may be cost-effective taking into ac-
count the cost of individual pathogen detection cost associ-
ated with unaffordable prices of molecular biology reagents
(three to four times higher than Europe or USA) applied by
local vendors, in addition to the limited number of qualified
technicians.

Antimicrobial Resistance Among Bacterial
Pathogens Implicated on Diarrhea

The management of diarrhea disease is based on reposition
of fluid, and antibiotics are recommended for specific cases
to shorten the period of bacterial excretion and transmis-
sion such as shigellosis or cholera. However, the preva-
lence of antimicrobial resistance is a growing concern.
For example, among Salmonella isolates, multidrug resis-
tance (resistance to ampicillin, chloramphenicol, and
trimethoprim-sulfamethoxazole) has become common in
Mozambique [41, 51–53]. Similarly, growing concern on
antimicrobial resistance is also observed among Shigella
isolates where resistance rates ranged from 50.7% (34/67)
for ampicillin to 92.5% (62/67) for trimethoprim/
sulfametoxazole, with multidrug resistance being present
in 55.2% (37/67) of the isolates and associated case fatality
rate of 8.1% (3/37) [37]. On the other hand, Vibrio cholerae
strains have been susceptible to the recommended antibi-
otics (e.g., tetracycline) [54]; however, in the last years,
there was a continuous growing of antimicrobial resistance
from 25% in 2012 to 100% in 2015 of tested strains to
tetracycline [55]. This resistance are alarming as the drug
of choice (doxycycline) was also found not efficacious in
100% of tested strains in 2015 [55], limiting therapeutic
options in the countries with limited access of second-line
treatment as Mozambique. In addition, the presence of

resistance markers associated to cholera resistance includ-
ing genetic diversity of strains [56–59] strongly reinforces
the need to strengthen the laboratory capacities for prompt
diagnostic confirmatory of cholera across country to sup-
port continuous surveillance of antimicrobial resistance and
emergence of new strains. Lastly, not least, the widespread
emergence of extended spectrum of Bata-lactamases
(ESBL) among E. coli strains including diarrheagenic ones
has been pressing substantially among sub-Saharan Africa
including Mozambique where highly resistant E. coli caus-
ing urinary tract infection were reported in 89.7% (26/29) in
Beira [60]. Indeed, ESBL producing E. coli were found in
11% (17/151) of E. coli isolates causing bacteremia and
UTI in the Manhiça community with CTX-M-15 being
the most frequently detected ESBL, accounting for a 75%
of the total isolates characterized associated with the pres-
ence of two plasmid [Guiral et al. in press Infect Drug
Resist].

Collectively, available data on antimicrobial resistance
in Mozambique highlight the critical challenges for man-
agement of patients presenting with severe diarrhea which
requires appropriate supportive care, and correct antimi-
crobial therapy when recommended to prevent poor out-
come as reported elsewhere [37]. This suggests the urgent
need to understand the local factors that govern the anti-
microbial resistance increase as well as the need of new
and effective antimicrobial agents.

Diarrhea, HIV, and Malnutrition

Mozambique is one of the African countries with high preva-
lence of malnutrition in children. It is estimated that approxi-
mately 40% of the children in the country suffer from one type
of malnutrition [9]. On the other hand, in 2015, the national
prevalence of HIVwas 13.2% [61] and in 2014, the number of
children (0–14) years old living with HIV was estimated in
183.631 [62].

Malnutrition and HIV are two very important factors of
diarrhea diseases both reported in some studies conducted
in children from Mozambique. Nhampossa et al. [63] con-
ducted a 10-year analysis of hospital admission of children
in the area of Manhiça, reporting that 47% of the 274.813
children attended were admitted with some degree of mal-
nutrition (of which 6% was severe malnutrition). Acute
diarrhea was one of the risk factors for mortality in children
with severe malnutrition [63].

On the other hand, co-infection HIVand diarrhea is common
in high HIV prevalence settings, with reports showing a fre-
quency of 17.7% of HIV infection and 43.7% of under nutrition
among children with acute diarrhea [23]. In addition, a high
proportion of children malnourished infected with rotavirus
was observed by de Deus and co-authors in Maputo and
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Manhiça [23]. Furthermore, in GEMS study, a sub-study
addressing the role of HIV infection on the etiology and
severity of diarrhea showed that approximately 23% of
children attending the health facilities with moderate to se-
vere diarrhea were co-infected with HIV compared to 6%
for the matched controls, and HIV was found as contributor
of excess mortality and shaped the etiology of diarrhea
[Acacio manuscript submitted to Internat. J Infect Dis].
These data show the importance of understanding the rela-
tion or the influence of HIV infection and malnutrition in
children with diarrhea. This is particularly important to un-
derstand the low efficacy of rotavirus vaccine in African
countries, where malnutrition has been shown to be associ-
ated with this low effectiveness in this region [64].

Interventions That May Have Contributed
to Prevent/Control Diarrhea Disease
in the Country

Interestingly, the trend of diarrhea hospitalization has been
declined over the years even prior to rotavirus vaccine intro-
duction, which clearly accelerated this trend countrywide. The
national reduction of diarrhea in the country can be explained
by different policies implemented in the country such as the
increase access of safe water, and improvement of sanitation
and hygiene (WASH). According to National Directorate of
Water and Minister of Public Work, between 1990 and 2008,
the number of people with supply of clean water in rural areas
increased from 30 to 52 and 35 to 50% in urban areas [65].
The number of people with good sanitary condition increased
from 16 to 40% in rural areas and 15 to 55% in urban areas
from 1990 to 2008 [65]. In spite of the increase in sanitation,
two out of five people living in rural areas are still practicing
open defecation [65].

The DHS surveys also collect data on the health seek be-
havior from the mothers and caretaker of the children. With
regard to the mothers’ knowledge about ORS use in children
with diarrhea, there was substantial increase of the knowledge
among the respondents, from 87.0% in 2003 to 91% in 2011
[9, 11]. Fifty-six percent of the children with diarrhea were
taken to the hospital and received SRO and zinc oxide [61].

The frequency of children with diarrhea, who received hydra-
tion therapy, increased from 49% in 2003 to 62% in 2011, show-
ing the effectiveness of the campaigns and sensitization of the
population in the care they should have about diarrhea [9, 11].

Other important intervention which may have contributed
for this reduction was the implementation of the campaign
called the “national health week” which is held twice a year
since 2008, where children are vaccinated, dewormed, and
supplemented with vitamins A and iodine [62]. The lack of
surveys between 2012 and 2018 does not allow to evaluate the
time trend of this actions from the last 6 years.

Annual statistics data of hospitalization due to diarrhea in
Mozambique showed also a reduction of cases of diarrhea in
the last 6 years. These data showed that 447.215 children
under 4 years of age in 2012 were admitted with diarrhea that
dropped to 333,932 admissions in 2017 [66].

Mozambican government implemented other important
interventions to reduce the burden of diarrhea in the coun-
try. In September 2015, Rotavirus monovalent vaccine
(Rotarix; GlaxoSmithKline Biologicals) was introduced in
the National Immunization Program. de Deus et al. [24••]
observed a reduction of rotavirus infection from 40 to 12%,
after vaccine introduction in the country. Despite this re-
duction, there is a need to study the 12% of children posi-
tive to rotavirus. Additional studies will be necessary to
investigate the effectiveness of rotavirus vaccine in the
country and factors contributing to the occurrence of rota-
virus infection in vaccinated children. Finally, it is impor-
tant to understand the role of malnutrition and HIVon vac-
cine effectiveness in the country.

Conclusions

Despite that epidemiological data remain scarce in
Mozambique, several actions were implemented in the
country (including the vaccination against rotavirus as the
leading attributable pathogens of severe diarrhea in chil-
dren younger than 2 years) and contributed in the reduction
of diarrheal burden in Mozambique in the last two decades.
However, there are still gaps in assessing the contribution
of specific pathogen on diarrhea burden and associated risk
factors, particularly outside of Maputo Province,
supporting the need of continuous diarrheal surveillance
countrywide to inform decision making for appropriate in-
terventions targeting pathogen specific and understand the
co-morbidity factors (e.g., malnutrition, HIV) of diarrhea,
including strategies to contain antimicrobial resistance
trends among bacterial pathogens.
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