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Abstract

Purpose The purpose of this study was to establish a base-
line for measuring the impact of the programmatic man-
agement of drug-resistant TB program by following up on
outcomes of all patients diagnosed with multidrug-resistant
tuberculosis in Zambia between 2012 and 2014.

Methods A cohort study of all the MDR-TB patients diag-
nosed at the national TB reference laboratory from across
Zambia. MDR-TB was diagnosed by culture and DST,
whereas outcome data were collected in 2015 by patient
record checks and home visits.

P4 Nathan Kapata
nkapata@ gmail.com

Department of Disease Surveillance, Control and Research,
Ministry of Health, Ndeke House, P. O. Box 30205, Lusaka,
Zambia

Centre of Tropical Medicine and Travel Medicine, Division
of Internal Medicine, Department of Infectious Diseases,
Academic Medical Centre, University of Amsterdam,
Amsterdam, The Netherlands

Department of Epidemiology and Statistics, School of Public
Health, University of Zambia, Lusaka, Zambia

Tropical Diseases Research Centre, Ndola, Zambia
National TB Reference Laboratory, Lusaka, Zambia
University Teaching Hospital, Lusaka, Zambia
HerpeZ, University Teaching Hospital, Lusaka, Zambia

Division of Infection and Immunity, Department
of Infection, University College London, London, UK

Department of Global Health, Amsterdam Institute
for Global Health and Development, Amsterdam,
The Netherlands

Department of Global Health, Academic Medical Centre,
University of Amsterdam, Amsterdam, The Netherlands

Results The total number of patients diagnosed was 258.
Of those, 110 (42.6%) patients were traceable for this study.
There were 67 survivor participants (60.9%); 43 (39.1%)
were deceased. Out of the 110 patients who were traced,
only 71 (64.5%) were started on second-line treatment.
Twenty-nine (40.8%) patients were declared cured and
16.9% were still on treatment; 8.4% had failed treatment.
The survival rate was 20.2 per 100 person-years of follow-
up. Taking ARVs was associated with a decreased risk of
dying (hazard ratio 0.12, p = 0.002). Sex, age, marital sta-
tus and treatment category were not important predictors of
survival in MDR-TB patients.

Conclusions More than half of the patients diagnosed with
MDR-TB were lost to follow-up before second-line treatment
was initiated.

Keywords Zambia - Tuberculosis - MDR-TB - Drug
resistance - Treatment outcome

Introduction

The World Health Organization (WHO) estimated that in
2015, there were 1.4 million deaths due to tuberculosis (TB)
[1]. There were 250,000 deaths due to multidrug-resistant
tuberculosis (MDR-TB), defined as TB due to a Mycobacte-
rium tuberculosis strain that is resistant to at least rifampicin
and isoniazid, or due to rifampicin-resistant tuberculosis
(RR-TB) [1]. The emergence of MDR-TB has impacted
negatively on the progress so far in global TB control [1].
High mortality among HIV-infected patients suffering from
multi- and extensively drug-resistant tuberculosis M(X)
DR-TB have raised concerns about TB control programs in
sub-Saharan Africa [2—4]. Although a lot of progress has
been made in the recent past to understand the burden of
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MDR-TB in sub-Sahara Africa, data are still limited; mainly
due to limited surveillance systems and diagnostic capacity
[4—6]. The region also has high rates of HIV prevalence
and consequently, high TB/HIV co-infection rates [1, 7].
In 2015, WHO estimated that 480,000 people developed
MDR-TB but only 37% of these were notified, even fewer
were started on treatment and the treatment outcomes were
poor with only close to half of these cases having successful
outcomes [1, 8]. One of the reasons for fewer patients being
started on second-line anti-TB treatment in many parts of the
world could be due to the centralized approaches in treat-
ment facilities and hence making it difficult for most people
having access [1].

Programmatic management of drug-resistant TB (PMDT)
in Zambia started in 2010 [9]. Culture and drug susceptibil-
ity testing (DST) for first-line anti-TB drugs were started in
1995; consequently, MDR-TB patients have been diagnosed
in the country for the past 20 years [10]. The estimated prev-
alence of MDR-TB in Zambia is currently at 0.3% in new
patients and 1.8% in previously treated patients [11]. Since
2008, there have been three main culture and DST labo-
ratories that diagnose M(X) DR-TB, namely the National
TB Reference Laboratory; the University Teaching Hospi-
tal in Lusaka and the Tropical Diseases Research Centre in
Ndola [10]. However, only a few patients were started on
second-line treatment at the latter two hospital facilities in
the country.

To establish a baseline for measuring the impact of the
programmatic management of drug-resistant TB (PMDT)
program, we followed up on all the patients who were diag-
nosed from the three reference laboratories with the main
objective to determine the outcomes of MDR-TB patients
diagnosed in Zambia from 2012 to 2014 and their survival
rate.

Methods
Design and population

This was a cohort study of all MDR-TB patients diagnosed
across the country between 1st February 2012 and 1st Febru-
ary 2014, by the only three TB laboratories in Zambia that
performed drug susceptibility testing. All patients recorded
as MDR-TB, regardless of site, were enrolled in the study,
that is, both pulmonary and extra-pulmonary MDR-TB
patients.

A central data base was created that contained the demo-
graphic variables of these patients, the areas and health
facilities where they had been referred from, and including
their residential addresses if available. Normally in routine
practice, the results were sent back to the referring facility
through post mails to the attending clinicians to maintain the
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patients’ records confidential. Between January 2015 and
October 2015, the confirmed MDR-TB patients by culture
and DST (according to the diagnostic register) were traced
back to the areas where they had been identified as presump-
tive MDR-TB patients. Research assistants in the respective
provinces used details and home addresses from the registers
to follow up the patients.

The national guidelines defined presumptive MDR-TB
patients as all previously treated patients (re-treatment) or
patients who were contacts of MDR-TB patients [9].

Once the patients had been traced, they were assessed
clinically and interviewed. Patients who did not provide
informed consent or were in prison at the time of the follow-
up were excluded. In cases where patients were found to
have died, the consenting next of kin was interviewed.

Patient screening and interviews

A team comprising an interviewer and an assistant data clerk
traveled to the respective province to trace the patients who
were recorded as diagnosed MDR-TB and to determine
whether results had been obtained or not. This was done
by checking the records of the clinics that sent the sam-
ples for DST to check if the patient had been registered for
subsequent second- or first-line treatment. The national
patient treatment cards, TB treatment registers and hospi-
tal record cards were reviewed. During the period under
review, second-line treatment was provided at the designated
health facilities in accordance with the national guidelines.
A standardized regimen was used and when indicated an
individualized regimen was provided. The MDR-TB patients
were treated with an initial phase of treatment for a mini-
mum of 8 months using injectable kanamycin, levofloxacin,
ethionamide, cycloserine and pyrazinamide followed by a
continuation phase for a minimum of 12 months using, lev-
ofloxacin, ethionamide, cycloserine and pyrazinamide [9].
Treatment outcomes of patients were defined in accordance
with the NTP guidelines [9].

In case the patient was traced, a standardized structured
questionnaire was administered by the interviewer after
informed consent had been obtained. The questionnaires
were designed according to different scenarios: (1) if the
patient was found to be alive, symptom screening was con-
ducted through a standard questionnaire, including history of
cough, fever, night sweats, chest pain, haemoptysis, weight
loss, and previous TB treatment before the recorded episode.
In addition, sputum was collected and sent for microscopy,
culture and DST using MGIT or Xpert MTB/RIF at the cen-
tral reference laboratory according to national guidelines.
(2) If the patient was found to be deceased, a verbal autopsy
questionnaire was administered to an available next-of-kin
respondent. Where the patient had died, as much information
as possible was collected from case notes and interviews
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with relatives through the use of the verbal autopsy tool that
was adapted from the World Health Organization/Interna-
tional Standard Verbal Autopsy questionnaire [12]. The ver-
bal autopsy tool collected information pertaining to previous
TB treatment before the recorded episode, history of cough,
fever, chest pains, haemoptysis, weight loss, and history of
other diseases.

Three attempts of visits were made and if by the third
visit the patient was not found or confirmed dead, they were
considered as lost to follow-up. Patients who were found but
for whom there was no clinical information available were
also excluded.

Data management and analysis

The information was entered using double data entry into
the MS Excel database and analyzed using Stata version 14.
Pearson’s Chi square test or Fisher’s Exact tests were used
to compare categorical variables as appropriate. Censoring
for participants who were traced took place on the date of
the interview. Survival analysis was performed using the
Kaplan—Meier method, while the Log-rank test was used to
compare survival rates between groups. To identify predic-
tors of mortality among MDR-TB patients, Cox proportional
hazards regression was used with a backward elimination
method for variables with p < 0.2. The Akaike and the

Fig.1 Map of Zambia showing
MDR-TB cases per Prov-

ince (absolute and percent-
age)—2012-2014
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North-Western

4 (1.55%)

Bayesian Information criteria methods were used to compare
models. A p value less than 0.05 was considered statistically
significant.

Ethical considerations

The study was approved by the Tropical Diseases Research
Centre Ethics Committee, and the authority to conduct
research was granted by the Ministry of Health.

Results

The cohort comprised 258 patients who were diagnosed with
MDR-TB from 1st February 2012 to 1st of February 2014,
from across the ten provinces of the whole country (Fig. 1).
There were 110 (42.6%) out of 258 patients whose results
were received at the referring facility and we were able to
trace and contact them or next of kin. The results for the
other 148 (57.4%) patients were not found in the health facil-
ity records, that is, they were lost before treatment initiation.

Of the 110 patients who were traced, 71 (64.5%) had been
started on second-line treatment (and 11 had continued on
first-line treatment (10 on Category II and 1 on Category
I). For 28 (25.4%) patients, the treatment regimen was not
indicated (Fig. 2).

Northen
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Central 15 (5.81%)

25 (9.69%)
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Patients tested as MDR-TB

258

MDR-TB patients whose results were ‘not received’
(Untraced)

148

110

MDR-TB patients whose result were ‘received’
(Traced)

V

Started on SLD (CAT IV) -71
Still on treatment — 12

Cured —29

Lost — 9 (alive 1; *Deceased 8)

Died — 12 (*Deceased)
Trans-out — 1 (*Deceased)

Stopped Rx — 8 (Alive 3; *deceased 5)

v

y

|

y

Continued on FLD (CAT Il) - 10

Continued on FLD (CAT1) -1

Rx information missing - 28

Still on treatment — 4 (ALIVE)
Stopped Rx — 1 (*Deceased)
Died — 5 (*Deceased)

Still on RX — 1 (Alive)

No outcome recorded
(17 Alive; 11 *Deceased)

Still on treatment (Alive) — 12
Bacteriologically positive — 3
Bacteriologically negative — 9

Lost (Alive) —1
Bacteriologically positive — 1

Stopped Rx (Alive) -3
Bacteriologically positive — 2
Bacteriologically negative — 1

No outcome record (Alive) — 17

Bacteriologically positive — 8
Bacteriologically negative — 9

*There was no other treatment outcome data recorded on patients who were found to be deceased

Fig.2 Flow diagram of MDR-TB patients diagnosed in Zambia
(2012-2014) and their outcomes. Rx treatment, CAT I Category
I treatment (i.e. first-line treatment regimen), CAT II Category II
treatment regimen (i.e. first-line treatment regimen for re-treatment
TB cases), FLD First-line anti-TB drugs, SLD Second-line anti-TB

There were 67/110 (60.9%) participants who were alive
at the time of the interview. Forty-three (39.1%) were
deceased. Their demographic characteristics are shown in
Table 1.

The median age of the survivors was 36 years (IQR
28-45; range 14-82 years). The majority of the patients
were male (62.8%) and more than 50% had at least a sec-
ondary education, although the majority (81.4%) were
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Drugs, ‘not received’ not able to be accounted for at the referring
facility, ‘received’ able to be accounted for at the referring facility.
*There was no other treatment outcome data recorded on patients
who were found to be deceased

either unemployed or in informal employment. There were
39 (58.2%) patients that were HIV positive among the sur-
vivors (Table 1).

Among the 71 patients who were started on second-line
treatment, 12 (16.9%) were recorded to be still on treat-
ment at the time of interview; of these, three were found to
be still bacteriologically positive and the other nine were
bacteriologically negative. Twenty-nine (40.8%) patients
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Table 1 Social demographic characteristics of MDR-TB patients
who were traced for the 2012-2014 cohort

Traced and (%) Traced and (%)

alive (n 67) deceased (n
43)

Age group

0-14 1 1.5 0 0

15-24 11 16.4 6 14

25-34 23 343 13 30.2

35-44 18 269 16 37.2

>45 14 14.9 8 18.6
Sex

Male 41 61.8 26 60.5

Female 26 382 17 39.5
Marital status

Never married 14 209 10 233

Married 33 492 15 34.8

Divorced/separated 15 22.4 8 18.6

Widowed 5 7.5 10 233
Education status

No education 4 6 6 13.9

Primary 24 358 14 32.6

Secondary 32 478 18 41.9

Tertiary 7 10.4 4 9.3

Unknown 0 0 1 2.3
Employment status

No employment 30 448 22 51.2

Informal employed 24 358 13 30.2

Formal employment 13 19.4 8 18.6
HIV status

Negative 22 32.8 4 9.3

Positive 39 582 33 76.7

Unknown 6 9 6 14
ARVs

No 5 74 4 9.3

Yes 34 50.8 28 65.1

Unknown 0 0 3 7

N/A 28 41.8 8 18.6

N/A not applicable: this implies that the patients were not HIV posi-
tive and hence did not require being on ARVs

had been declared cured and all were alive. Nine (12.7%)
patients were recorded as ‘lost to follow-up’; however, one
was traced and found alive and bacteriologically positive,
whereas eight patients were found to be deceased. There
were 12 (16.9%) patients who according to records were
deceased and so was one (0.01%) patient recorded as trans-
ferred out. Among the 8 (11.3%) patients who were indi-
cated as having stopped treatment due to adverse treatment
effects, three were found to be alive and five had died.
In addition, eight of the patients who had no treatment

outcome recorded were also found to be bacteriologically
positive on follow-up tests as shown in Fig. 2.

The overall survival of MDR-TB patients and the fol-
low-up period was 212 person-years, during which 43
MDR-TB patients died, with a survival rate of 20.2 per 100
person-years of follow-up. More than 25% had died within
1 year of treatment and there was no difference (p = 0.35)
in survival rates between patients who were on first-line
treatment compared to those on MDR therapy (Fig. 3). The
HIV co-infected MDR- TB patients’ rate of survival was
less than their HIV negative counterparts (p = 0.013) as
illustrated in Fig. 4.

Table 2 shows that taking ARV's was associated with an
88% decreased risk of dying (adjusted hazard ratio (aHR)
0.12, p = 0.002). Being HIV positive was also associ-
ated with a decreased risk of dying, after adjusting for the
effect of taking ARVs and other risk factors (aHR 0.10,
p = 0.04). Sex, age, marital status and treatment category
were no significant predictors of survival in MDR-TB
patients.

Kaplan-Meier survival estimates by TB treatment regimen
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Fig. 3 Kaplan—Meier survival estimates of MDR-TB patients diag-
nosed in 2012-2014 according to TB treatment regimen (traced)

Kaplan-Meier survival estimates of MDR TB patients according to HIV status
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Fig. 4 Kaplan—Meier survival estimates of MDR-TB patients diag-
nosed in 2012-2014 according to HIV status (traced)
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Table 2 Predictors of survival of MDR-TB patients diagnosed
between 2012 and 2014 in Zambia

Variables Number, Crude hazard ratios Adjusted haz-
N=110 (HR)* ard ratios®
HR (95% CI) Pvalue HR P value
Level of education
No 11 Ref. - Ref. -
Primary 38 0.48 0.12 2.56  0.08
Secondary 50 0.48 0.10 231 0.09
Tertiary 11 0.45 0.20 5.19 0.44
HIV status
Negative 26 Ref. - Ref. -
Positive 72 3.45 0.02 0.10 0.04
Took ARVs before death
No 4 Ref. - Ref. -
Yes 28 0.24 0.01 0.12  0.002

 Crude and adjusted hazard ratios using Cox regression analysis

Discussion

This article underscores the fact that most of the MDR-TB
patients diagnosed in Zambia were lost to follow-up even
before they were started on treatment (Fig. 2). The loss to
follow-up of more than half of the patients diagnosed with
MDR-TB within a couple of years is cause for concern. The
reason for this situation can be attributed to the fact that
the reference laboratories from where culture and DST are
performed are centralized in Zambia, and yet patients or
specimens are referred from all over the country; in a coun-
try with limited resources to maintain and sustain a strong
courier system for specimen referral and transportation, this
poses a huge challenge [10]. In a study from South Africa
examining reasons for loss to follow-up between time point
of diagnosis and referral to a specialized DR-TB treatment
centre, Nkosi and colleagues noted that a significant prob-
lem in the control of MDR-TB was the loss to follow-up
after diagnosis and the delay in patient tracing [13]. There
is need to strengthen patient flow and referral mechanisms
to minimize loss of patients at this critical time [14]. Some
of the other reasons that have been associated with low rates
of traceable patients from other studies include; death after
diagnosis, unknown addresses or inability to be contacted,
migration from other provinces, incarceration and belief
of being cured through other means, including poor health
seeking behavior [13-16]. A systemic review by MacPher-
son et al. [17] showed that male sex, old age living in an
urban area, diagnosis in a hospital or stationary clinic were
associated high risk of pre-treatment loss to follow-up in
most middle and low income countries and the main reason
for the low rate of traceable patients in sub-Sahara Africa
was death, although tracing of patients was sub-optimal.
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It is well understood that pulmonary MDR-TB or XDR-
TB can be transmitted just like drug susceptible TB and
therefore, patients who are not traced and thus not put on
treatment continue to transmit the disease in the communi-
ties [18].

Based on WHO recommendations, TB control programs
usually report on cohorts of TB patients from those who
were “enrolled for treatment” for the purposes of recording
and reporting. Therefore, patients lost to follow-up before
starting treatment are usually not accounted for. Some stud-
ies from across the globe have highlighted the high loss
to follow-up among MDR-TB patients before initiation
of treatment and hence have advocated for more careful
cohort analysis starting from all diagnosed patients rather
than only those who are started on treatment [19-21]. This
study underscores that need, and calls for similar studies to
be undertaken in other countries in the region to ascertain
the magnitude of the problem. In fact, one of the reasons for
inadequate access to diagnosis and treatment of MDR-TB
in many countries is that the network for PMDT is usually
too centralized [1].

Among the patients who were started on second-line
treatment during the 2-year period, 29% were found to have
died by the time of the interviews, implying that there is an
urgent need for improvement in patient diagnosis, treatment,
and management. This study, however, did not assess all the
patients started on treatment in 2012-2014 but rather all
patients started on treatment among those diagnosed dur-
ing this period. It is envisaged that such cohort analysis is
conducted within routine PMDT services.

There were 258 patients diagnosed during the 2-year
period of the study, which was far below the expected num-
ber of cases according to the estimated prevalence of MDR-
TB in Zambia. The prevalence of 1.1% for MDR-TB in Zam-
bia entails the number of cases per annum is expected to be
approximately 600 and thus in a 2-year cohort enrolment
period, close to 1200 patients should have been diagnosed
and enrolled for second-line treatment. Efforts need to be
made to improve on case detection and diagnosis [10, 11].
Although Zambia has started the use of new diagnostics and
technologies, they need to be scaled-up and expanded to
improve the status quo; the use of the Xpert MTB/RIF and
technologies such as the Genotype MTBDRplus assay have
shown to improve detection of MDR-TB in different settings
and hence should be utilized [22-27].

Only one patient diagnosed with MDR-TB during the
study period was a child less than 15 years of age, thereby
emphasizing the need to improve diagnosis in children as
currently there is limited diagnostic capacity for child-
hood TB and MDR-TB [28, 29]. However, the other reason
could also be that there are fewer children with MDR-TB,
although this is unlikely given the comparative figures from
the surrounding countries [1]. An autopsy study conducted
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in Zambia by Bates et al. showed that childhood TB was
missed in a number of patients [30]; including some who
had rifampicin resistance (RR), and thus it is possible that
some of these patients could have had MDR-TB.

For those who were started on SLD, the cure rate was
41%; a low treatment success rate which is not so different
from what was pertaining in the region, especially in South
Africa [31-33].

Unfortunately, there are only a limited number of MDR-
TB cohorts from Africa that have been described [34-36].
However, globally, there were only 52% of MDR-TB patients
who were successfully treated amongst the patients enrolled
on treatment in the 2012 cohort, falling short of the 2015
target of 75% or more; implying, therefore, that a lot needs
to be done to address this challenge [1, 37].

Nonetheless, with more efforts the treatment success rate
can still be improved, considering the fact that 17% of the
patients were still on treatment at the end of the study period.
For instance, Loveday et al. [38] showed in South Africa
that employing a community-based approach for care was
effective in increasing the treatment success rate. A study in
Ethiopia showed that it was possible to improve outcome of
treatment through concerted efforts from cooperating part-
ners and national TB programs through various interven-
tions such as training volunteers and treatment supporters,
regular monthly home visits and monitoring by trained staff,
provision of food supplements, transportation and accom-
modation for patients, capacity building of staff, strength-
ening health systems and using a combination of hospital-
based care and ambulatory care, including management of
side effects with ancillary drugs that were readily available
[39]. Although there are multiple challenges in delivering
appropriate MDR-TB treatment in the region and the evi-
dence base being limited, some studies elsewhere have also
shown that addressing the non-adherence issues by MDR-
TB patients through improving health care worker’s atti-
tude towards patients, decentralization of services, providing
sufficient and timely financial assistance and other enablers
may improve treatment outcomes [40—43].

There were discrepancies between the records at the
health facilities and the findings of this study for some of the
patients which were important to note; for instance, 11% of
patients who had actually died were recorded as lost to fol-
low-up in the treatment registers. Such findings underscore
the need to ensure that the PMDT in Zambia is strengthened
including the reporting and recording. Patient follow-up and
tracing of lost to follow-up is cardinal to improve case hold-
ing and eventually patient outcomes. A substantial propor-
tion of patients remained bacteriologically positive, thereby
adding to the transmission risk in the population.

Our study also shows that patients were more likely
to die in the intensive phase of treatment than during the

continuation phase. The reason for this could be due to the
fact that patients report late for treatment and it may take a
long time for them to stabilize, thereby increasing their risk
to die, especially if they have co-infections with HIV which
may complicate the outcomes, sometimes due sepsis [44].
The treatment regimen for MDR-TB during this period was
6 months of an intensive phase then followed by 18 months
of the continuation phase, thereby making the whole treat-
ment duration to be not less than 24 months. Although
Zambia now recommends a 20-month treatment regimen,
much shorter regimens as recommended by the WHO are
advocated for [1, 9]. However, intensified monitoring of
patients through a strong PMDT and patient support system
is cardinal to reduce mortality [45]. In addition, we strongly
recommend a decentralized system of patient management,
while ensuring capacity is built at all levels of care.

MDR-TB patients who were on anti-retroviral therapy
were found to have better outcomes and survival rates than
those who were not on ART; therefore, underscoring the
fact that ensuring co-infected people to be on treatment
is important to reduce morbidity and mortality in these
patients. There was no difference in survival rates between
MDR-TB patients starting second-line treatment and those
continuing first-line treatments (Fig. 4). However, the num-
ber of patients on first-line treatment was very small and this
may account for this finding. We recommend further similar
studies with more numbers to explore the actual reasons for
this, especially that presumptive MDR-TB patients in most
times may continue on first-line treatment as they wait to be
initiated on second-line therapy.

The limitation of the study was that only MDR-TB
patients were followed up and patients with rifampicin
resistance were not included and neither were patients with
polydrug resistance included. There were no XDR-TB cases
diagnosed during this period.

Conclusions

Our study shows that in Zambia more than half of the
patients diagnosed with MDR-TB patients are lost to follow-
up even before treatment has been instituted; underscoring
the fact that PMDT needs strengthening. The status quo must
be challenged as a matter of urgency to improve treatment
outcomes of MDR-TB patients in Zambia.
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