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Abstract

Background: Development of multidrug resistant (MDR) and extensively drug resistant
(XDR) tuberculosis (TB) has become a major threat to the control of TB globally. Anti-TB
drug resistance survey (DRS) is an important assessment in providing critical information
for effective planning, control and management of TB patients. The current study was
conducted to estimate the magnitude of resistance to Tuberculosis medicines in people

diagnosed with bacteriologically confirmed pulmonary Tuberculosis in Tanzania.

Methods: This was a nationally representative cross-sectional facility-based survey con-
ducted between 2017 and 2018 involving 45 clusters selected based on probability pro-
portional to size (PPS) sampling. It involved a sample of new smear-positive pulmonary
TB (PTB) and previously treated individuals. Sputum samples were collected and trans-
ported to the Central TB Reference Laboratory in Dar es Salaam, Tanzania for smear
microscopy, culture, strain identification and susceptibility testing. For whole genome se-
quencing (WGS), all culture positive isolates were shipped to the Supranational TB Ref-
erence Laboratory in Uganda (SNRL). Isolates were sub-cultured on selective Middle-
brooks 7H11 agar. Genetic material was extracted by cetyltrimethylammonium bromide-

technique. Genomic libraries were sequenced using the lllumina MiSeq V3 cartridge.

Results: This study enrolled 1557 of the 1714 eligible TB patients. Of the 1557 enrolled
patients, 1408 (90.4%) were newly diagnosed and 149 (9.6%) previously treated pa-
tients. Overall, 1172 (78.5) were culture positive for Mycobacterium tuberculosis (M. tu-
berculosis). A total of 1168 (99%) out of 1172 samples; 1060 (91%) new and 108 (9%)
previously treated) had drug sensitivity test results. The overall prevalence of MDR-TB in
this study was 14 (1.2%), of which 9 (0.9%) were newly diagnosed TB cases, and 5 (4.6%)
had previously received treatment. Previous treatment for TB was the only significant
factor for MDR-TB (OR=5.7, 95%CI: 1.9-17.2). For the isolates sent to SNRL for WGS,
results for 191 were available for analysis whereby 169 (88.0%) were from newly treated
PTB patients. Co-infection with HIV was observed in 33 (17.3%) TB patients. Out of the
191 isolates, 9 (4.7%) isolates were MDR-TB, 3 (1.6%) were resistant to all drugs, and
22 (11.5%) were resistant to one or more commonly used first line anti-TB drugs (FLD).
Of the 191 MTB isolates, four main lineages were detected; Lineage 3 [Delhi Central Asia
81 (42.47%)], Lineage 4 [European American 74 (38.7%)], Lineage 1 [East Africa Indian
Ocean 23 (12.0%)] and Lineage 2 [Beijing East Asia 13 (6.8%)]. Delhi Central Asia was



the most prevalent in both HIV positive 16 (47.0%) and HIV negative 66 (41.8%). Overall,
24 (12.6%) of the 191 MTB isolates had any resistance-conferring mutations. There were
mutations for quinolone-determining mutation region of gyrA at positions Asp94Gly and
Ala90Val of 4.2% each. There was an observed lineage specific variation in proportion to

drug resistant- conferring mutations.

Conclusion: The second national anti-TB drug resistance survey revealed that the bur-
den of MDR-TB is still relatively low with no evidence of XDR. This is a comparable finding
to the first survey conducted in 2006. Delhi Central Asia lineage was the most prevalent
in the counry. This study was able to isolate M.tuberculosis strains with resistance against
second line drugs not in routine use in Tanzania. Resistance against first-line TB drugs
was found in lineage 1 and 4 strains. Use of next generation sequencing may improve

the basis for epidemiological conclusions.
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1. My contribution to the publications

1.1 Contribution to paper A

The first paper is titled “The second Tanzania national anti-tuberculosis drug resistance
survey, 2016/2017”. | conceptualized the idea, advised the government on the need and
appropriateness to conduct the study. After designing the study, | submitted the document
to the National Health Research Ethics Committee (NatHREC) in Tanzania for review and
ethical clearance. | conducted field supervision to the study sites as part of efforts to
monitor and evaluate the implementation process. | organized and implemented a mid-
term review and prepared a mid-term review report. | sought permit for shipment of iso-
lates to Antwerp Supra National Reference Laboratory (SNRL). | supervised the shipment
of the study isolates to Antwerp SNRL for quality control. | also conducted quarterly study
meetings to monitor and evaluate the study. | prepared the analysis plan including dummy
tables which was reviewed by my supervisors. | also took part in the analysis of data,
prepared and reviewed the manuscript of which | am both the first and corresponding
author. | shared the manuscript draft with co-authors including supervisors, incorporated
their inputs before submission of the final version to the journal. | submitted the manu-
script to the journal for publication and provided responses to review comments before

its publication.

1.2 Contribution to paper B

My contribution to the second paper titled “Phylogenetic lineages of tuberculosis isolates
and their association with patient demographics in Tanzania” included; conceptualizing
and designing of the study. | applied for a permit to send isolates to Uganda SNRL for
whole genome sequencing (WGS) then prepared and shipped the Mycobacterium tuber-
culosis (MTB) isolates. Before submitting the final version to the journal, | discussed the
paper draft with co-authors, including my supervisors, and incorporated their suggestions.
Prior to publication, | responded to reviewers' comments and submitted the work to the

journal for publication of which | am the lead author.
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2. Introductory summary

2.1 Background

All nations and all age categories are affected by tuberculosis (TB), according to the
World Health Organization (WHO) (WHO, 2021). An estimated 9.9 million persons world-
wide suffered TB disease, of which 5.5 million were males, 3.3 million women, and 1.1
million children. Despite being treatable and preventable, TB is the world's second killer
infectious diseases behind COVID-19 (before HIV/AIDS) and the 13™ largest cause of
death overall (WHO, 2022). The most common cause of mortality for those with HIV con-
tinues to be TB. According to the WHQ's global TB report, 1.5 million individuals world-
wide passed away from TB in 2020. The analysis also demonstrates that throughout the
same time frame, MDR-TB continued to be a public health emergency and a threat to
health security. Only roughly one in three individuals with drug-resistant TB received treat-
ment in 2020. In contrast to drug-sensitive TB treatment, where success rates are higher
than 90%, MDR/RR TB patients' global treatment success rates in 2018 were 59% (WHO,
2022).

The United Republic of Tanzania is a low-income country with an estimated population of
about 64 million people (UN, 2022). It is among the 30 high TB burden countries which
are reported to account for 86% of the global TB incidence (PWHO, 2021). The incidence
of tuberculosis in Tanzania decreased from 306 per 100,000 in 2015 to 222 per 100,000
in 2020, this indicates a 27% decrease in the incidence rate of TB (NTLP, 2021). Ac-
cording to the Tanzania TB and Leprosy Programme (NTLP, 2021); in the year 2020,
85,597 cases of all forms of TB were notified of which 83,129 (97%) and 2,468 (3%) were
new and previously treated (NTLP, 2021).

The WHO has classified Mycobacterium tuberculosis cases based on drug susceptibility
testing (DST) of clinical isolates (WHO, 2013). According to the WHO, multidrug re-
sistance TB (MDR-TB) continues to be a public health problem as well as a health security
threat in most countries. WHO also recommends where there is limited resources and
infrastructure for continuous surveillance for TB drug resistance to all patients surveys
should be done after every five years at minimum. Drug resistance surveys usually give
insight to practical information to TB Programs on the burden of resistance to TB drugs

including usual patient drug resistance profiles ("WHO, 2021). In addition, surveys can
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improve the functioning of laboratory network, (WHO, 2015). The first NationalTubercu-
losis B drug resistance survey (Chonde et al., 2010) was instrumental in setting up pro-
grammatic management of MDR-TB (PMDT) program within the NTLP in 2009 in Tanza-
nia. The second survey was made possible through a grant from the Global Fund, who

has incorporated such surveys in its TB control policies.

The global prevalence of MDR- or rifampicin-resistant TB was estimated to be 3.4 among
newly diagnosed patients, and 18% among patients with history of treatment. Based on
the Tanzania first National TB drug resistance survey of 2006, the prevalence of MDR-
TB among new patients and among previously treated cases was 1.1% and 3.1%, re-
spectively which is lower than the Global average for both treatment naive and thiose who
have been treated for TB in tha past (Chonde et al., 2010). It has been reported that a
second survey could provide insight whether the rate of MDR-TB is increasing or de-
creasing (Cohen et al., 2014). Smaller absolute burdens of MDR-TB and more robust
surveillance systems were associated with declining rates of MDR-TB among new noti-
fied cases (Cohen et al., 2014, Dye and Williams, 2000). This survey was undertaken
with the goal of determining the level of TB drug resistance in Tanzania and associated
risk factors as a part of strengthening the national TB control efforts in the country.

2.2 Statement of the problem

Anti-TB drug resistance (primary and acquired) has important implications for control pro-
grams as well as for individual patient therapy. Acquired drug resistance is also consid-
ered a good indicator of poor treatment adherence and related practices in the commu-
nity. Primary drug resistance on the other hand measures disease transmission in a com-
munity and indicate problems which TB control programs will encounter when adminis-

tering chemotherapy (Su et al., 2016).

The knowledge of resistance to Tuberculosis regimens is important for appropriate plan-
ning at National TB Programs and also to the laboratory experts and clinicians to detect
and treat properly patients infected with drug-resistant strains. A few studies have been
conducted to establish the anti-TB drug-resistance pattern in Tanzania. They include 1)
TB drug resistance survey carried out in 1988; 2) TB/HIV study conducted in 1991-1993
(Chum et al., 1996); 3) study of impact of HIV on TB treatment outcomes (van den
Broek et al., 1998); and 4) National anti-tuberculosis drug resistance study in 2006

(Chonde et al., 2010). Although drug resistance surveillance is conducted routinely, the
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surveillance system is weak and the collected data do not necessarily give a proper es-
timate of the burden of the disease. Even with the availability of molecular diagnostic
technology such as Xpert MTB/RIF since 2012, its coverage in the country is still low and
this rapid test can only detect rifampicin mono-resistance. In addition, the resistance oc-

currence and pattern to second line anti TB drugs is not known.

Bearing this in mind, the survey served as an indirect evaluation of TB diagnostics, con-
trol interventions and delivery of treatment within the framework of the NTLP. It also
aimed to contribute to a better estimate of the national burden of DR-TB and to assess
how mycobacterial genotypes relate to drug resistance, epidemiology and pathogenesis
in order to provide information for proper planning of MDR-TB and XDR-TB treatment in
the country. Furthermore, this national anti-TB drugs resistance survey supported the

country to develop a stronger mechanism of surveillance.

2.3 Objectives

2.3.1 Broad Objective

To assess the proportion, and patterns of drug resistance against anti-TB drugs of first
and second line, among newly diagnosed and previously treated patients with sputum
smear positive TB and comprehensively understand the drug resistance profile as well
as attempt to understand phylogenetic variations in Tanzania.

2.3.2 Specific Objectives

1. To determine the proportion of new and previously treated sputum smear positive
pulmonary tuberculosis patients with resistance to rifampicin and isoniazid (MDR-
TB) and other first line drugs.

2. To determine the proportion and patterns of drug resistance to second line drugs
among confirmed MDR-TB patients.

3. To determine the risk factors associated with anti-TB drug resistance among
smear positive pulmonary tuberculosis patients.

4. To determine the occurrence of phylogenetic lineages of MTB complex and their
relationship with patient demographic characteristics and multidrug-resistant TB
(MDR-TB).
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2.4 Methods

2.4.1 Methods used in Paper A

This was a cross-sectional health facility-based survey conducted from 2017 to 2018
which included new and previously treated smear-positive pulmonary TB patients of all
ages. Enrollin health facilities were considered as clusters with a design effect of 2 and
a precision 0.8%. The sample size was 1,495 considering 15% losses. This calculation
was based on indications from WHO technical guidance documents (WHO, 2015) All
smear-positive previously treated patients who met eligibility criteria were enrolled during
intake period. The selection of clusters was done using probability proportional to size
(PPS) sampling; 45 clusters were selected. The number of clusters had advantages in
terms of study logistics and corresponded to the management capacity of the pro-
gramme. In each cluster a total of 34 new smear positive pulmonary TB patients and all
previously treated smear positive pulmonary TB cases were enrolled. HIV status was
obtained from the individual patients’ files in the diagnosing health facilities. Sputum
specimen were tested at the health facilty laboratory by LED microscope. The next pro-
cessing was done at the Central TB Reference Laboratory (CTRL) in case of positive
smear. At CTRL, Xpert MTB/RIF assay, smear by fluorescent microscopy, culture on
Lowenstein Jensen media, and susceptibility testing following standard NTLP. Com-
pleted questionnaires were entered into an electronic Epi-Info/Access database by
trained data entry personnel. TB laboratory network in Tanzania is organized into four
main levels according to the type of services provided. The levels include: 1) the Central
TB Reference Laboratory (CTRL) 2) Zonal tuberculosis culture laboratories (ZTCLs), 3)
regional and district referral hospital laboratories and 4) health centers and dispensary
laboratories. The CTRL routinely perform surveillance of resistant Mycobacterium tuber-
culosis (MTB) using first and/or second line DST for culture positive isolates. Currently,
there are 1,750 diagnostic centers at different levels of the health system and GeneXpert
® MTB/RIF (Xpert) molecular technology has been scaled up to 336 GeneXpert ma-
chines countrywide. Sputum culture is done in the five ZTCLs while two zonal TB Refer-
ence laboratories at Mbeya Zonal Referral Hospital and Kibong'oto Infectious Diseases
Hospital that perform identification and first line DST using molecular techniques [Xpert

and line probe assays (LPA)].
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2.4.2 Methods used in Paper B

For WGS, all positive cultures were taken to the TB Supranational TB Reference Labor-
atory in Uganda. The sub-cultures were done on Middlebrook agar media, incubated at
37°C in a COz2 incubator and monitored weekly for growth. High quality genomic DNA was
extracted using an in-house cetyltrimethylammonium bromide (CTAB) technique. Ge-
nomic libraries were prepared using the Illumina Nextera XT library preparation kit follow-
ing manufacturer’s instruction. In total, 192 samples were sequenced. De-novo genome
assembly of all samples was done using Unicycler v0.4.8. The assembled genomes were
then annotated using Prokka (Seemann, 2014) to generate genomic feature files to be
used as input for Roary v3.13.0 software which was then used to generate a core gene
multiple sequence alignment. Using the GTR+G substitution model, a maximum likeli-
hood phylogeny was constructed using RaxML-NG v1.0.3 software with 800 bootstrap
replicates using H37Rv reference strain NC_000962.3 as the reference and Mycobacte-
rium canettii NC_015848.1 as the out-group. The resulting trees were plotted, annotated
and visualized using ggtree v2.0.4.

2.4.3 Ethical Considerations and related study procedures

The proposal for this survey was granted ethical clearance by the National Health Re-
search Ethics Committee (NatHREC) at the National Institute for Medical Research
(NIMR) in Tanzania. A written informed consent was obtained from each patient or guard-
ian/caretaker enrolled in the study. The patients were given an information sheet to read
and understand what the study was all about. The information sheet was prepared in
Kiswahili (the national language). The relatives of the survey patients were read the in-
formation to the patients that are not able to read (illiterate patients). The study clinician
or designated personnel answered any question asked by the patients. Patients who
agreed to participate in the study were required to give their consent by signing the con-
sent form or printing their thumbs in the respective forms. As recommended by the na-
tional guidelines, all cases of MDR-TB were referred to MDR-TB treatment initiating cen-

tres for appropriate management.

For children under 18 years (6 to 18 years), in addition to consent by their parents/guard-
ians an assent to participate was sought. For children below 6 years of age, the parents

or guardians consented to participate in the study for them.
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Protection of confidentiality: All survey forms had patient identifying information on the
cover sheet, as the clinician needed this information when referring the patient. After en-
tering the data into the database, a survey identification number and specimen laboratory
number was served as identification numbers for each suspected specimen, and subse-
quent TB isolates. All names were electronically removed from the final TB database at

the end of the survey.

Data safety/protection: Data was stored in the Access format with password protection
and was only accessible to authorized personnel. All names were removed from the da-
tabase after data cleaning prior to data analysis. Backup data was stored on the external
hard drive in a separate site in case of any fault in the primary computers.

2.5 Results

2.5.1 Result of publication A

The survey was conducted in 45 clusters. A total of 1557 (91%) TB patients were enrolled
in the survey out of 1714 who were eligible. Among them, 1408 (90%) were newly diag-
nosed and 149 (10%) previously treated patients. In total, during the intake period 157
(9%) eligible cases were not enrolled in the survey due to several reasons that are de-
scribed in the discussion section. Culture on LJ media was performed for 1493 (93%)
specimens of the enrolled patients; 64 (4%) patients did not have culture results including
14 whose specimens were rejected at the CTRL due to sputum leakage. Among enrolled
cases with culture performed, 1172 (78.5%) were MTB positive, 278 (19%) were MTB
negative, 10 (0.5%) had non-TB mycobacteria, and 33 (2%) were contaminated. Among
MTB cases, 1063 (92%) were new and 109 (9%) previously treated patients. The distri-

bution of 1172 patients who were MTB positive by age and sex is shown in Figure 2.1.
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Figure 2.1. Distribution of TB patients by age and gender (n=1,172)

The estimated total prevalence of multi-drug resistant TB (MDR-TB) in this survey was
14 (1.2) out of which was 9 (0.9%) were in newly diagnosed patients, and 5 (4.6%) in
patinets who had previous treatment. Resitance against any of the first-line anti-TB drugs
(streptomycin (S), isoniazid (H), rifampicin (R), and ethambutol (E) was estimated at 24
(1.7%) among new and 10 (6.5%) among previously treated TB patients. Drug resistance
to all first-line drugs was similar to 0.1% in new and previously treated patients. No poly-
resistance (other than MDR) or extensive resistance (XDR-TB) was detected in any iso-
late. History of prior TB treatment was identified as the only risk factor for MDR-TB
(OR=5.7, 95%CI: 1.9-17.2) (Table 2.1).

Table 2.1. Factors associated with MDR-TB in Tanzania

Risk Factors MDR Non-MDR OR 95%CI p-value
n (%) n (%)

Patient classification
New 9(0.9) 1,051



23

Previously treated 5 (4.6) 103 5.7 1.9-17.2 0.002
Gender
Male 8 (1.0) 815(99)
Female 6 (1.7) 339(98.3) 1.8 0.6-5.2 0.3
Age groups 1.1 0.7-1.6 0.7
0-14 0 (0) 16 (100)
15-24 0 (0) 198 (100)
25-34 8 (2.5) 308 (97.5)
35-44 2 (0.6) 344 (99.4)
45-54 3(1.7) 171 (98.3)
55-64 0(0) 67 (100)
65+ 1(2.0) 50 (98)
Age groups
0-34 8 (1.5) 522 (98.5)
35+ 6 (0.9) 632 (99.1) 0.6 0.2-1.8 0.4
Age groups
0-44 10 (1.1) 866 (98.9)
45+ 4(1.4) 288 (98.6) 1.2 0.4-3.9 0.8
HIV status
Yes 2 (0.7) 282 (99.3) 0.5 0.1-3.2 04
No 12 (1.4) 872 (98.6)
Alcohol use
Yes 4 (1.6) 245 (98.4) 1.9 0.6-6.7 0.3
No 7 (0.8) 834 (99.2)
Missing 3(3.8) 75 (96.2)
Ever smoked
Yes 2 (1.0) 200 (99) 097 0.2-45 0.9
No 9 (1.0) 870 (99)
Missing 3(3.4) 84 (96.6)
Diabetes mellitus
Yes 0(0) 16 (100) N/A
No 11 (1.0) 1058 (99)
Missing 3(3.6) 80 (96.4)
HH Contact with MDR-TB case
Yes 0(0) 57 (100) N/A
No 9(1.0) 910 (99)
Missing 5(2.6) 187 (97.4)

MDR = multi-drug resistance; HH = Household contact

2.5.2 Result of publication B

A total of 627 Mycobacterium tuberculosis isolates were shipped from Tanzania and only
617 isolates were sub-cultured at the NTRL Uganda. Ten isolates were rejected for ina-
bility to meet the requirements for sub-culture. Of the 617 isolates, 265 (43%) yielded

either no growth, contaminated or non-tuberculous mycobacteria (NTM) therefore, could
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not be processed for WGS. The remaining 352 isolates yielded a positive TB culture,
however, only 191 (54%) of 352 isolates were sequenced due to financial constraints.
Therefore, the current results are a summary and analysis of the 191 isolates processed

for WGS and their association with patient demographics.

Of the 191 isolates, 169 (88.0%) were from newly treated PTB patients. Thirty-three
(17.3%) of isolates were collected from individuals who were TB/HIV co-infected. Of 191
isolates, in 22 (11.5%), resistance to one or more first line anti-TB drugs (FLD) was found.
3 (1.6%) were resistant to all drugs examined, and 9 (4.7%) were MDR-TB.

Four main lineages were identified; Lineage 3 [Delhi Central Asia, 81 (42.7%)], Lineage
4 [European American, 74 (38.5%)], Lineage 1 [East Africa Indian Ocean, 23 (11.9%)]
and Lineage 2 [Beijing East Asia, 13 (6.8%)]. Delhi Central Asia was the most prevalent
among the 22 isolates from previously treated TB, as compared to isolates among newly
treated patients 9 (47.4%) versus 72 (41.9%), respectively. Delhi Central Asia was the
most prevalent in both HIV positive 15 (47.0%) and HIV negative 66 (41.8%). The same
was true for European American, which had 15 (45.5%) isolates from HIV-positive pa-
tients and 59 (37.3%) isolates from HIV-negative individuals. (Table 2.2).

Table 2.2. M. tuberculosis lineages and their correlation with anti-TB drug resistance

M. tuberculosis lineages

Drug resistance Total
Lineage 1 Lineage 2 Lineage 3 Lineage 4 p-value
Isoniazid
Sensitive 178 20 (87.0) 13 (100) 77 (95.1) 68 (91.9) 0.411
Resistant 13 3(13.0) 0(0) 4(4.9) 6 (8.1)
Rifampicin
Sensitive 181 22 (95.7) 12 (92.3) 76 (93.8) 71 (96.0) 0.867
Resistant 10 1(4.4) 1(7.7) 5(6.2) 3(4.1)
Ethambutol
Sensitive 183 22 (95.7) 12 (92.3) 79 (97.5) 70 (94.6) 0.454
Resistant 8 1(4.4) 1(7.7) 2 (2.5) 4 (5.4)

Pyrazinamide
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Sensitive 183 22 (95.7) 13 (100) 81 (100) 67 (90.5) 0.02

Resistant 8 1(4.4) 0(0) 0(0) 7 (9.5)
Streptomycin

Sensitive 185 21 (91.3) 13 (100) 81 (100) 70 (94.6) 0.46

Resistant 6 2(8.7) 0(0) 0(0) 4(5.4)
Ciprofloxacin

Sensitive 189 23 (100) 12 (92.3) 80 (98.8) 74 (100) 0.146

Resistant 2 0(0) 1(7.7) 1(1.2) 0(0)

Moxifloxacin

Sensitive 189 23 (100) 12 (92.3) 89 (98.8) 74 (100) 0.146
Resistant 2 0(0) 1(7.7) 1(1.2) 0(0)

Ofloxacin
Sensitive 189 23 (100) 12 (92.3) 80 (98.8) 74 (100) 0.146
Resistant 2 0(0) 1(7.7) 1(1.2) 0 (0)

Ethionamide
Sensitive 189 21 (91.3) 13 (100) 81 (100) 74 (100) 0.018
Resistant 2 2 (8.7) 0(0) 0 (0) 0 (0)

Note: No resistance was reported in Amikacin, Capreomycin, kanamycin, Cycloserine, Clofazimine, PAS,
Delanamid, Bedaquiline, and linezolid

The Delhi Central Asia (Lineage 3) is represented with 9 (10.7%) isolates resistant to first line drugs, of
which 3 (3.6%) were MDR-TB, compared to the Beijing East Asian (Lineage 2) lone (10.0%) isolate that
showed resistance to rifampicin and ethambutol. Out of the 22 isolates for the East Africa Indian Ocean
(Lineage 1), three (13.6%) were first line drug resistant and two (9.1%) were MDR-TB. Out of 74 isolates
from the European American (Lineage 4) population, 9 (12.2%) were first line drug -resistant and 3 (4.1%
were MDR-TB). There was M. tuberculosis strains resistant to some second line drugs mutation at Ala90Val
and Asp94Gily in the gyrA's conserved quinolone resistance determining regions (QRDR), two (8.3%) of
the isolates had fabG1 and inhA mutations that made them resistant to ethionamide, mutations at the inhA
and fabG1 loci that confer resistance. Each Ser94Ala was recorded as 1 (4.2%). (Table 3 on the manu-
script). There was an observed lineage specific variation in proportion to drug resistant- conferring muta-
tions. (Table 2.3)

Table 2.3 The pattern of drug resistance mutations by phylogenetic lineages

Total, Type of Lineage

Drug-resistant mutations n (%) Lineage 1, n Lineage 2,n Lineage 3,n Lineage 4, n
) (%) (%) (%) (%)
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Isoniazid, n=13
CTG607CTA
Ser315Thr
Ser94Ala
c.-15C>T
c.-8T>A

Rifampicin, n=11
Ser441Gin
GIn432Glu
His445Asn
Leu430Pro
Ser441GiIn
Ser450Leu

Ethambutol, n=8
Asp1024Asn
GIn497Arg
Leu359lle
Met306lle

Pyrazinamide, n=8
Ala30Val
E111$
GAG331TAG
Leu172Pro
Phe106Leu
Thr160Ala

Streptomycin, n=6
Lys88Met
Pro93Leu
Ser172Cys

Ethionamide, n=2
Ser94Ala
c.-15C>T

Fluoroquinolones, n=2

Ala90Val
Asp94Gly

1(7.7)
9 (69.3)
1(7.7)
1(7.7)
1(7.7)

1(10.0)
3(30.0)
1(10.0)
1(10.0)
2 (20.0)
3 (30.0)

1(12.5)
2 (25.0)
1(12.5)
4 (50.0)

2 (25.0)
1(12.5)
2 (25.0)
1(12.5)
1(12.5)
1(12.5)

4 (66.7)
1(16.7)
1(16.7)

1 (50.0)
1 (50.0)

1(50.0)
1 (50.0)

0(0)
0 (0)
1(50.0)
1(50.0)
0 (0)

0(0)
0(0)
1(100)
0(0)
0(0)
0(0)

0(0)
0(0)
0 (0)
0 (0)
1 (100)
0 (0)

0 (0)
1(50.0)
1 (50.0)

1 (50.0)
1 (50.0)

0(0)

0(0)

0 (0)
1 (100)

1 (100)
0 (0)

1 (20.0)
0 (0)
0(0)

1 (20.0)

1(20.0)

2 (40.0)

1(33.3)

1(33.3)

1(33.3)
0(0)

0(0)
1 (100)

4 (100)
0 (0)
0(0)
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2.6 Discussion

The overall prevalence of MDR-TB reported in this study was 1.2%, 0.9% among new
and 4.6% in previously treated sputum smear-positive TB patients. This represents a
slight decline in new and an increase among previously treated patients compared to the
MDR-TB prevalence from the previous national survey conducted in 2006 (Chonde et
al., 2010). Like in the previous survey, no XDR cases were reported. The reported prev-
alence of MDR-TB in our survey was lower compared to other recently reported findings
in Ghana (Sylverken et al., 2021), South Africa (Ismail et al., 2018), Namibia (Ruswa
et al., 2019) and Zimbabwe (Timire et al., 2019).This finding shows that resistance to

anti-TB drugs has remained fairly low over the years in Tanzania.

Although HIV has been reported to be associated with TB drug-resistance (Pavlenko et
al., 2018, Kamolwat et al., 2021, Bykov et al., 2022), this was not the case in our study.
The current finding of not having association between HIV and TB drug resistance is in
line with those reported in Uganda (Lukoye et al., 2013) and Namibia (Ruswa et al.,
2019) where they also found that HIV was not a driving factor for MDR-TB. History of
previous TB treatment was the only factor significantly associated with MDR-TB in Tan-
zania. This finding has also been reported in most recent surveys (Tembo and Malangu,
2019, Ismail et al., 2018, Ruswa et al., 2019, Sylverken et al., 2021, Kamolwat et al.,
2021). Although the magnitude of MDR-TB among previously treated cases is not as high
as in other high burden countries, there still needs to be some programmatic strategies

to closely monitor the treatment in TB patients.

In this study we report isolation of four lineages; Delhi Central Asia (CAS), European
American, East Africa Indian Ocean (EAI) and Beijing East Asia. Lineage 3 (CAS) was
the most prevalent followed by Lineage 4 (European American) similar to the findings
reported in earlier studies conducted in the country (Rutaihwa et al., 2019, Mfinanga et
al., 2014). Previous studies elsewhere have also reported high prevalence of CAS
(Elegail et al., 2018, Couvin et al., 2019). This finding was also found in a database
geographical assessment of the distribution of CAS and East African Indian Ocean line-
ages globally (Couvin et al., 2019). Beijing East Asia (Beijing) presented the lowest prev-
alence in the current study. Several studies have shown that the Beijing East Asia and its
modern sub-types to be associated with high occurrence of MDR-TB (Niemann et al.,

2010, Panossian et al., 2018). Also, a study conducted in Lebanon documented that
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Beijing lineage was driving the massive spread of MDR TB in Eurasia (Panossian et al.,
2018). The lineage was reported to be associated with large MDR-TB outbreaks (Munsiff
et al., 2003) and appeared to be rapidly expanding in population (Cowley et al., 2008).

Due to the small sample size that was examined, there was no compelling evidence of a
relationship between any specific lineage and drug-resistant mutations. As a result,
more work needs to done to define which Mycobacterium tuberculosis lineages are
more prone to develop drug resistance in Tanzania including on the functioning of the
resistance genes. Due to the low burden of MDR in Tanzania, further rersearch focus-
ing in areas of high MDR prevalence such as Dar es Salaam where direct person to

person transmision is more likely to provide more locally relevant data.

The reported low prevalence of MDR can be attributed to a consistently well performing
National TB program with strict regulation of TB medications in the private sector over the
years, even as the TB program is decentralizing treatment of MDR-TB. It is also evident
that the lack of dominant strains with resistance conferring mutations as also found in a
recent study in the country (Mbelele et al., 2022) could be an additional factor in the low
rate of drug resistance. Contrary to what was recommended by WHO (Cox and Mizrahi,
2018, ed, 2018) due to the limited resources there is strong justification for continuing to
implement universal DST using more practical and the less expensive rapid molecular
techniques such as Gene Xpert technology and reserving the resource heavy Whole Ge-
nome Sequencing for periodic epidemiologic Surveys and cases requiring special man-

agement.

2.7 Conclusion

The second national anti-TB drug resistance survey revealed that the burden of MDR-TB
is still relatively low with no evidence of XDR. This is a comparable finding to the first
survey conducted in 2006. Delhi Central Asia lineage was the most prevalent in the coun-
try. Overall, our present study demonstrated that M. tuberculosis strains occurred that
displayed resistance against second line drugs, that are not in frequent use in Tanzania.
In patients with previous TB treatment and in TB patients living with HIV, lineage 3 was

the most frequently identified lineage. Lineage 1 and 4 were associated with resistance
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against first-line drugs. Next generation sequencing may enhance the database gener-

ated from anti-TB drug resistance surveys and help in decision making.



30

3. References

aWHO 2021. WHO Fact sheets; Tuberculosis, key facts.  https://www.who.int/news-
room/fact-sheets/detail/tuberculosis [Accessed on 20 September 2022.

bWHO 2021. WHO global lists of high burden countries for TB, multidrug/rifampicin-
resistant TB (MDR/RR-TB) and TB/HIV, 2021-2025. Geneva: World Health
Organization; 2021. Licence: CC BY-NC- SA 3.0 1GO);
https://cdn.who.int/media/docs/default-source/ha-
tuberculosis/who_globalhbcliststb _2021-
2025 backgrounddocument.pdf?sfvrsn=f6b854c2 9 [Accessed on 22 September
2022

Bykov, I., Dyachenko, O., Ratmanov, P., Liu, H., Liang, L. & Wu, Q. 2022. Factors
contributing to the high prevalence of multidrug-resistance/Rifampicin-resistance
in patients with tuberculosis: an epidemiological cross sectional and qualitative
study from Khabarovsk krai region of Russia. BMC Infectious Diseases, 22, 612.

Chonde, T. M., Basra, D., Mfinanga, S. G., Range, N., Lwilla, F., Shirima, R. P., van Deun,
A., Zignol, M., Cobelens, F. G., Egwaga, S. M. & van Leth, F. 2010. National anti-
tuberculosis drug resistance study in Tanzania. Int J Tuberc Lung Dis, 14, 967-72.

Chum, H. J., O'Brien, R. J., Chonde, T. M., Graf, P. & Rieder, H. L. 1996. An
epidemiological study of tuberculosis and HIV infection in Tanzania, 1991-1993.
Aids, 10, 299-3009.

Cohen, T., Jenkins, H. E., Lu, C., McLaughlin, M., Floyd, K. & Zignol, M. 2014. On the
spread and control of MDR-TB epidemics: an examination of trends in anti-
tuberculosis drug resistance surveillance data. Drug Resist Updat, 17, 105-23.

Couvin, D., Reynaud, Y. & Rastogi, N. 2019. Two tales: Worldwide distribution of Central
Asian (CAS) versus ancestral East-African Indian (EAI) lineages of Mycobacterium
tuberculosis underlines a remarkable cleavage for phylogeographical,
epidemiological and demographical characteristics. PLOS ONE, 14, e0219706.

Cowley, D., Govender, D., February, B., Wolfe, M., Steyn, L., Evans, J., Wilkinson, R. J.
& Nicol1, M. P. 2008. Recent and Rapid Emergence of W-Beijing Strains of
Mycobacterium tuberculosis in Cape Town, South Africa. Clinical Infectious
Diseases, 47, 1252-1259.

Cox, H. & Mizrahi, V. 2018. The Coming of Age of Drug-Susceptibility Testing for
Tuberculosis. New England Journal of Medicine, 379, 1474-1475.

Dye, C. & Williams, B. G. 2000. Criteria for the control of drug-resistant tuberculosis.
Proceedings of the National Academy of Sciences, 97, 8180-8185.

ed 2018. 'Prediction of Susceptibility to First-Line Tuberculosis Drugs by DNA
Sequencing'. New England Journal of Medicine, 379, 1403-1415.

Elegail, A., Ibrahim Mohamed, N., Mohamed Nour, E., Hoffner, S. & Haile, M. 2018.
Molecular characterization of <i>Mycobacterium tuberculosis</i> isolates from



31

pulmonary tuberculosis patients in Khartoum, Sudan. International Journal of
Mycobacteriology, 7, 236-241.

Ismail, N. A., Mvusi, L., Nanoo, A., Dreyer, A., Omar, S. V., Babatunde, S., Molebatsi, T.,
van der Walt, M., Adelekan, A., Deyde, V., lhekweazu, C. & Madhi, S. A. 2018.
Prevalence of drug-resistant tuberculosis and imputed burden in South Africa: a
national and sub-national cross-sectional survey. Lancet Infect Dis, 18, 779-787.

Kamolwat, P., Nateniyom, S., Chaiprasert, A., Disratthakit, A., Mahasirimongkol, S.,
Yamada, N. & Smithtikarn, S. 2021. Prevalence and associated risk factors of
drug-resistant tuberculosis in Thailand: results from the fifth national anti-
tuberculosis drug resistance survey. Tropical Medicine & International Health, 26,
45-53.

Lukoye, D., Adatu, F., Musisi, K., Kasule, G. W., Were, W., Odeke, R., Kalamya, J. N.,
Awor, A., Date, A. & Joloba, M. L. 2013. Anti-tuberculosis drug resistance among
new and previously treated sputum smear-positive tuberculosis patients in
Uganda: results of the first national survey. PLoS One, 8, e70763.

Mbelele, P. M., Utpatel, C., Sauli, E., Mpolya, E. A., Mutayoba, B. K., Barilar, |., Dreyer,
V., Merker, M., Sariko, M. L., Swema, B. M., Mmbaga, B. T., Gratz, J., Addo, K.
K., Pletschette, M., Niemann, S., Houpt, E. R., Mpagama, S. G. & Heysell, S. K.
2022. Whole genome sequencing-based drug resistance predictions of multidrug-
resistant Mycobacterium tuberculosis isolates from Tanzania. JAC-Antimicrobial
Resistance, 4.

Mfinanga, S. G., Warren, R. M., Kazwala, R., Kahwa, A., Kazimoto, T., Kimaro, G.,
Mfaume, S., Chonde, T., Ngadaya, E., Egwaga, S., Streicher, E. M., Van Pittius,
G. N., Morkve, O. & Cleaveland, S. 2014. Genetic profile of Mycobacterium
tuberculosis and treatment outcomes in human pulmonary tuberculosis in
Tanzania. Tanzan J Health Res, 16, 58-69.

Munsiff, S. S., Nivin, B., Sacajiu, G., Mathema, B., Bifani, P. & Kreiswirth, B. N. 2003.
Persistence of a Highly Resistant Strain of Tuberculosis in New York City during
1990-1999. The Journal of Infectious Diseases, 188, 356-363.

Niemann, S., Diel, R., Khechinashvili, G., Gegia, M., Mdivani, N. & Tang, Y. W. 2010.
Mycobacterium tuberculosis Beijing lineage favors the spread of multidrug-
resistant tuberculosis in the Republic of Georgia. J Clin Microbiol, 48, 3544-50.

NTLP 2021. TB Prevalence in Tanzania. https://www.ntlp.go.tz/tuberculosis/tb-
prevalence-in-tanzania/ [Accessed on 22 September 2022].

Panossian, B., Salloum, T., Araj, G. F., Khazen, G. & Tokajian, S. 2018. First insights on
the genetic diversity of MDR Mycobacterium tuberculosis in Lebanon. BMC
Infectious Diseases, 18, 710.

Pavlenko, E., Barbova, A., Hovhannesyan, A., Tsenilova, Z., Slavuckij, A., Shcherbak-
Verlan, B., Zhurilo, A., Vitek, E., Skenders, G., Sela, I., Cabibbe, A. M., Cirillo, D.
M., de Colombani, P., Dara, M., Dean, A., Zignol, M. & Dadu, A. 2018. Alarming
levels of multidrug-resistant tuberculosis in Ukraine: results from the first national
survey. The International Journal of Tuberculosis and Lung Disease, 22, 197-205.



32

Ruswa, N., Mavhunga, F., Roscoe, J. C., Beukes, A., Shipiki, E., van Gorkom, J.,
Sawadogo, S., Agolory, S., Menzies, H., Tiruneh, D., Makumbi, B., Bayer, B.,
Zezai, A., Campbell, P., Alexander, H., Kalisvaart, N. & Forster, N. 2019. Second
nationwide anti-tuberculosis drug resistance survey in Namibia. Int J Tuberc Lung
Dis, 23, 858-864.

Rutaihwa, L. K., Sasamalo, M., Jaleco, A., Hella, J., Kingazi, A., Kamwela, L., Kingalu,
A., Malewo, B., Shirima, R., Doetsch, A., Feldmann, J., Reinhard, M., Borrell, S.,
Brites, D., Reither, K., Doulla, B., Fenner, L. & Gagneux, S. 2019. Insights into the
genetic diversity of Mycobacterium tuberculosis in Tanzania. PLOS ONE, 14,
€0206334.

Seemann, T. 2014. Prokka: rapid prokaryotic genome annotation. Bioinformatics, 30,
2068-9.

Su, V.Y, Yen, Y. F., Pan, S. W,, Chuang, P. H., Feng, J. Y., Chou, K. T., Chen, Y. M.,
Chen, T. J. & Su, W. J. 2016. Latent Tuberculosis Infection and the Risk of
Subsequent Cancer. Medicine (Baltimore), 95, e2352.

Sylverken, A. A., Kwarteng, A., Twumasi-Ankrah, S., Owusu, M., Arthur, R. A., Dumevi,
R. M., Adu-Amoah, L., Addofoh, N., Okyere, P. B., Dzata, F., Bonsu, F., Adusi-
Poku, Y., Kranzer, K., Siroka, A., Gemert, W. V., Dean, A. & Owusu-Dabo, E. 2021.
The burden of drug resistance tuberculosis in Ghana; results of the First National
Survey. PLoS One, 16, e0252819.

Tembo, B. P. & Malangu, N. G. 2019. Prevalence and factors associated with
multidrug/rifampicin resistant tuberculosis among suspected drug resistant
tuberculosis patients in Botswana. BMC Infectious Diseases, 19, 779.

Timire, C., Metcalfe, J. Z., Chirenda, J., Scholten, J. N., Manyame-Murwira, B., Ngwenya,
M., Matambo, R., Charambira, K., Mutunzi, H., Kalisvaart, N. & Sandy, C. 2019.
Prevalence of drug-resistant tuberculosis in Zimbabwe: A health facility-based
cross-sectional survey. International Journal of Infectious Diseases, 87, 119-125.

UN 2022. Department of Economic and Social Affairs, Population Division (2022). World
Population Prospects 2022, Online Edition. World Population Prospects -
Population Division - United Nations; https://population.un.org/wpp/ [Accessed on
22 September 2022].

van den Broek, J., Mfinanga, S., Moshiro, C., O'Brien, R., Mugomela, A. & Lefi, M. 1998.
Impact of human immunodeficiency virus infection on the outcome of treatment
and survival of tuberculosis patients in Mwanza, Tanzania. Int J Tuberc Lung Dis,
2, 547-52.

WHO 2013. World Health Organization (2013) Definitions and reporting framework for
tuberculosis — 2013 revision (updated December 2014 and January 2020).
WHO/HTM/TB/2013.2. ISBN 978 92 4 150534 5.
https://apps.who.int/iris/bitstream/handle/10665/79199/9789241505345 eng.pdf
[Accessed on 22 September 2022].

WHO 2015. World Health Organization (c). Guidelines for surveillance of drug resistance
in  tuberculosis  5th  Edition. ISBN 978 92 4 154913 4.



33

https://apps.who.int/iris/bitstream/handle/10665/174897/9789241549134 enq.pdf
[Accessed on 24 September 2022].

WHO 2022. World Health Organization. (2022). Global tuberculosis report 2021:
supplementary material. World Health Organization.
https://apps.who.int/iris/handle/10665/360605. License: CC BY-NC-SA 3.0 IGO
[Accessed on 23 September 2022].




34

4. Publications

4.1 Paper A (appended as pdf file)

Mutayoba BK, Ershova J, Lyamuya E, Hoelscher M, Heinrich N, Kilale AM, et al. The
second national anti-tuberculosis drug-resistance survey in Tanzania, 2017-18. Trop Med
Int Heal. 2022 Sep 11;



M) Check for updates

DOI: 10.1111/tmi.13814

RESEARCH ARTICLE

The second national anti-tuberculosis drug resistance survey in
Tanzania, 2017-2018

Beatrice Kemilembe Mutayoba™” |
Norbert Heinrich®

Michael Hoelscher” |

| Eligius Lyamuya® |
| Andrew Martin Kilale® |

Julia Ershova’

Nyagosya Segere Range® | Benard James Ngowi® | Nyanda Elias Ntinginya’ |

Saidi Mwinjuma Mfaume® | Emmanuel Nkiligi® | Basra Doulla’ | Johnson Lyimo® |
Riziki Kisonga'® | AmriKingalu® | Yakobo Lema® | Zuwena Kondo® |

Michel Pletschette”

'Department of Preventive Services, Ministry of Abstract

Health National AIDS Control Program, Dodoma,
Tanzania

Department of Infectious Diseases and Tropical
Medicine, Medical Center of the University of
Munich, Munich, Germany

*Division of Global HIV and TB, Global TB
Branch, US Centers for Disease Control and
Prevention, Atlanta, Georgia, USA

“Department of Microbiology and Immunology,
Muhimbili University of Health and Allied
Sciences, Dar es Salaam, Tanzania

>Muhimbili Medical Research Centre, National
Institute for Medical Research, Dar es Salaam,
Tanzania

®Mbeya College of Health and Allied Sciences,
University of Dar es Salaam, Mbeya, Tanzania

“National Institute for Medical Research, Mbeya
Medical Research Centre, Mbeya, Tanzania

8National Tuberculosis and Leprosy Program,
Department of Preventive Services, Ministry of
Health, Dodoma, Tanzania

°National Tuberculosis and Leprosy Program,
Central Tuberculosis Reference Laboratory,
Dar es Salaam, Tanzania

!%Kibong’oto Infectious Diseases Hospital,
Kilimanjaro, Tanzania

Correspondence

Beatrice Kemilembe Mutayoba, Ministry of
Health, P.O. Box 743, 40478 Dodoma, Tanzania.
Email: bmutayoba@gmail.com

Funding information
The Global Fund to Fight AIDS, Tuberculosis and
Malaria

Objective: To determine the levels and patterns of resistance to first- and second-line
anti-tuberculosis (TB) drugs among new and previously treated sputum smear posi-
tive pulmonary TB (PTB) patients.

Methods: We conducted a nationally representative cross-sectional facility-based sur-
vey in June 2017-July 2018 involving 45 clusters selected based on probability propor-
tional to size. The survey aimed to determine the prevalence of anti-TB drug
resistance and associated risk factors among smear positive PTB patients in Tanzania.
Sputum samples were examined using smear microscopy, Xpert MTB/RIF, culture
and drug susceptibility testing (DST). Logistic regression was used to account for
missing data and sampling design effects on the estimates and their standard errors.
Results: We enrolled 1557 TB patients, including 1408 (90.4%) newly diagnosed and
149 (9.6%) previously treated patients. The prevalence of multidrug-resistant TB
(MDR-TB) was 0.85% [95% confidence interval (CI): 0.4-1.3] among new cases and
4.6% (95% CI: 1.1-8.2) among previously treated cases. The prevalence of Mycobacte-
rium tuberculosis strains resistant to any of the four first-line anti-TB drugs (isoniazid,
rifampicin, streptomycin and ethambutol) was 1.7% among new TB patients and 6.5%
among those previously treated. Drug resistance to all first-line drugs was similar
(0.1%) in new and previously treated patients. None of the isolates displayed poly-
resistance or extensively drug-resistant TB (XDR-TB). The only risk factor for MDR-
TB was history of previous TB treatment (odds ratio = 5.7, 95% CI: 1.9-17.2).
Conclusion: The burden of MDR-TB in the country was relatively low with no evi-
dence of XDR-TB. Given the overall small number of MDR-TB cases in this survey, it
will be beneficial focusing efforts on intensified case detection including
universal DST.
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INTRODUCTION

Tuberculosis (TB) was the leading cause of death due to a
single microorganism worldwide in the pre-COVID era
[1-4]. According to the WHO Global TB Report 2020,
almost half a million people developed rifampicin-resistant
TB (RR-TB) in 2019, of which 78% had multidrug-resistant
TB (MDR-TB) [1]. Most people with TB are cured using a
6-month drug regimen which is provided to patients with
close monitoring and supervision. Mycobacterium tuberculo-
sis (M. tb), the bacterium that causes TB, can develop resis-
tance to the antimicrobial drugs during the long course of
treatment [5]. The development of resistance could be due
to inappropriate or incorrect use of antimicrobial drugs, or
use of ineffective formulations of drugs, poor quality medi-
cines or bad storage conditions and treatment interruption
[5-7]. Pharmacokinetic variability due to genetic polymor-
phisms [8, 9] and spontaneous mutation of M. tb [10, 11]
may also contribute to the development of drug-resistant
TB. However, the ongoing transmission of drug-resistant TB
strains, including MDR-TB and extensively drug-resistant
(XDR) is the dominant mode of spread in many endemic
countries [12, 13]. MDR-TB is the resistance to the two
most powerful anti-TB drugs, isoniazid and rifampicin [12].
Treatment of MDR-TB is difficult as treatment options are
limited and expensive, recommended medicines are not
always available, and patients experience many adverse
effects from the drugs [5]. Patients with MDR-TB require
treatment with second-line treatment regimens which are
more complex than those used to treat patients without
drug-resistant TB. In some cases, even more severe drug-
resistant TB may develop. Extensively drug-resistant TB
(XDR-TB) is defined as TB caused by M. tb strains that fulfil
the definition of MDR-TB/RR-TB and which are also resis-
tant to any fluoroquinolone and at least one additional
Group A drug [14].

The trends in incidence, prevalence and death of MDR-TB
decreased globally from 2000 to 2017 with estimated annual
percentage changes of —1.4%, —1.3% and —3.3%, respectively
[13]. However, in 2019 more cases of MDR-TB/RR-TB were
detected and notified globally than in the previous year, pre-
senting a 10% increase from 186,883 to 206,030 cases [1].

According to WHO guidelines, detection of MDR-TB/
RR-TB requires bacteriological confirmation of TB and test-
ing for drug resistance [drug susceptibility testing (DST)]
using rapid molecular tests, culture methods or sequencing
technologies [1]. WHO estimated that only 44% of the esti-
mated 465,000 MDR-TB/RR-TB incident cases in 2019 were
notified [1]. The factors influencing detection of MDR-TB
include suboptimal referral for DST, inadequate coverage of
diagnostic DST, limited laboratory capacity and insufficient
uptake of WHO-recommended rapid diagnostic tests. Fur-
thermore, the global MDR-TB burden is underestimated by
limiting the pool of patients considered to have MDR-TB to
those with notified or incident TB [15-17].

The United Republic of Tanzania is among the 30 high
TB and TB/HIV burden countries and had an estimated
annual TB incidence rate of 237 per 100,000 population in

2019 [1]. Understanding the burden of TB drug resistance is
critical to inform the development of appropriate treatment
regimens, guiding resources for diagnosis and treatment and
control of the disease. In settings without capacity for con-
tinuous surveillance of anti-TB drug resistance based on
routine DST, WHO recommends surveys on new TB cases
to be conducted at least every 5 years. The surveys can pro-
vide critical information for the TB program on the burden
of drug resistance and common patient resistance pro-
files [18]. Surveys can also strengthen laboratory capacity,
transportation and referral systems, as well as evaluate the
accuracy of classification of patients by treatment history
and risk factors for drug resistance [18]. The first anti-TB
drug resistance survey (DRS) in Tanzania was conducted in
2006 [19]. The prevalence of MDR-TB among new patients
and previously treated TB cases reported in that survey was
1.1% and 3.1%, respectively [19, 20]. We conducted the sec-
ond nationwide anti-TB DRS in 2017-2018 to determine the
levels and patterns of resistance to first and second-line
anti-TB drugs among new and previously treated sputum
smear positive pulmonary TB (PTB) patients.

METHODS
Survey design

We conducted a nationally representative cross-sectional
health facility-based survey during June 2017-July 2018.
The study was designed to conform to WHO guidelines for
periodic DRSs [18].

Survey population

The survey population included newly diagnosed and previ-
ously treated smear positive PTB patients of all ages includ-
ing children. All enrolled patients signed an informed
consent form. Parents/guardians signed informed consent
form for children younger than 18 years old. Children 15-
18 years also signed an Assent Form. Patients whose previ-
ous and subsequent MDR-TB treatment course(s) have
failed based on WHO guidelines (multiple episodes of TB
treatment failures or more than one previously known epi-
sode of MDR-TB) were not eligible for the survey [18].

Sample size determination

The sample size was calculated according to the WHO Guide-
lines for Surveillance of Drug Resistance in Tuberculosis [18].
Taking into account correlation between individuals within a
cluster with design effect of 2, the desired absolute precision
of the estimate of 0.8%, and 15% of expected loses due to cul-
ture contaminations and other issues, the sample size of 1495
new smear positive PTB patients was required for the survey.
All smear positive previously treated patients who met eligi-
bility criteria were enrolled during the survey intake period.
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Sampling strategy and selection of clusters

The unit of sampling was represented by a diagnostic facility
that notified at least eight smear positive TB cases in 2015;
whereas facilities with less than eight smear positive TB cases
were excluded from the selection as they represented only 5%
of all diagnosed smear positive cases in 2015. A cluster could
include one or several diagnostic facilities depending on the
number of notified cases in the selected health facility in
2015. Clusters were selected by probability proportional to
size; 45 clusters were selected. In each cluster, a total of
34 new smear positive PTB patients and all previously treated
smear positive PTB cases diagnosed during the intake period
for the survey were enrolled into the study (Appendix A).

Training of survey staff

A 2-day training was conducted by zones before the start of
the survey using the developed standardised training mate-
rials. The training was done on enrolment of study clients,
sputum collection and transportation. At peripheral labora-
tory level, laboratory personnel were trained on use of light-
emitting diode (LED) microscopy, specimen preparation,
mixing of sputum with OmniGene-sputum transport solu-
tion, storage and transport of specimen. At the Central TB
Reference Laboratory (CTRL) 1-day training was conducted
for CTRL personnel and data management.

Data collection
Enrollment of patients

The study was conducted for a period of 12 months and/or
until the required sample size of new smear positive cases was
reached at each cluster. For persons suspected of having TB,
two sputum samples (at the time of diagnostic workup and
early morning the following day) were collected and tested at
the cluster level using immunofluorescence LED smear
microscopy in accordance with the national guidelines. All
patients with smear positive results were eligible for enrollment
after providing informed consent. Demographic information
and previous TB treatment history was obtained from enrolled
individuals during interview using a standardised question-
naire. HIV status was obtained from patient records available
at the treatment facilities. Two additional sputum samples were
collected from the enrolled individuals: one sputum sample at
the time of enrollment and second one on the next morning.

Laboratory procedures

The sputum samples were transported to the CTRL in
Dar es Salaam for Xpert MTB/RIF testing, smear examination
with fluorescent microscopy, culture on Lowenstein Jensen
solid media, and phenotypic DST to first- and second-line

drugs following standard NTLP procedures. All culture positive
isolates were identified by Capilia MPT64 test, an immuno-
chromatographic test for the rapid identification of M. tb from
solid cultures, before processed for DST [21]. Isolates that were
positive on MPT64 test were subjected for DST. MPT64 nega-
tive results indicated the presence of non-tuberculous myco-
bacteria (NTM); such isolates were not tested for DST. The
following critical concentrations for the first-line DST were
used: 0.2 pg/ml for isoniazid, 40 pg/ml for rifampicin, 4 pg/ml
for streptomycin and 2 pg/ml for ethambutol. For the second-
line DST the concentration for kanamycin was 30 pg/ml, for
ofloxacin 2.0 pg/ml and for capreomycin 40 pg/ml.

Survey monitoring

To ensure the quality of enrolment of patients and specimen
collection regular supervision and monitoring of the field
sites were conducted. A checklist was used to assess compli-
ance to the survey procedures in line with the protocol.
Observations and recommendations made during supervi-
sory visits were immediately relayed to the clusters for
action. A mid-term review was done in September 2017
came up with pertinent recommendations that were also
implemented to improve the survey.

Quality assurance

All laboratory procedures adhered to the internal quality con-
trol procedures in accordance with international standards
[18]. Handling of specimens for culture and DST was carried
out in a high-risk TB (P3) laboratory, as defined in WHO’s
Tuberculosis Laboratory Biosafety Manual [22]. To ensure
reliability and comparability of the Tanzania survey results,
internal and external quality control of susceptibility testing
was performed during the survey. All RIF-resistant specimens
and 10% of randomly selected susceptible specimens identi-
fied were shipped to Antwerp Supra-national Laboratory
(SRL) for EQA testing. Re-checking of strains at the SRL was
conducted to validate the survey results. No changes in
patient care were implemented based on the SRL results.

Data management and analysis

Completed questionnaires were entered into an electronic
Epi Info database by trained data entry personnel. Entered
data were stored in Access format, and data were double-
entered and cleaned before analysis. The analysis was fully
accounted for the cluster survey design. Missing laboratory
results for 101 cases were imputed based on a probability
model of the complete data for age, gender, treatment his-
tory, rifampicin, isoniazid and multidrug resistance. To
address over/under-enrolment by facility, weights against
calculated cluster size were included in the regression model.
Different approaches (with imputation, without imputation,



TROPICAL MEDICINE & INTERNATIONAL HEALTH

All eligible patients (S+)
1,714
T

¥

Enrolled in the survey - 1,557 (91%)
New 1,408 (90%); Retreatment 149 (10%)

—

With LI done — 1,493 (96%)
New 1,348 (90%); Retr 145 (10%)

¥

64 missing culture results
Including 14 due to sputum rejection

v

W

&

¥

Contaminated
33 (2%)

MTB(+)
1,172 (78.5%)

NTM
10 (0.5%)

MTB (-)

New 29 (88%); Retr. 4 (12%)

New 1,063 (91%); Retr. 109 (9%)

278 (19%)
New: 247 (89%); Retr. 31 (11%)

New 9 (90%); Retr. 1 (10%)

|

W

i

1

Missing 1% line DST
4(0.3%)
New 3(75%); Retr. 1 (25%)

With DST Result
1,168 (99%)

New 1,060 (91%); Retr. 108 (9%) (9%)

o ~—
——

B

Not MDR
1,154 (98.8%)

New 1,051(99%); Retr. 103(95%)

MDR-TB
14 (1.2%)
New 9 (0.85%); Retr. 5 (4.6%)

FIGURE 1

with weight and without weight) were used to estimate the
prevalence of MDR-TB. As no significant differences were
observed between the results from different methods, the
results received without imputation of missing values were
accepted as official DRS results in Tanzania.

Logistic regression was used to analyse association
between possible risk factors and MDR-TB in Tanzania.
Analysis was carried out using Stata version 15 (Stata-
Corp. 2017. Stata Statistical Software: Release 15. College
Station, TX: StataCorp LLC).

Ethical considerations

The study was approved by the National Health Research
Ethics Committee of Tanzania and the Center for Global
Health at the U.S. Centers for Disease Control and Preven-
tion (CDC). The study was reviewed in accordance with the
U.S. CDC human research protection procedures and deter-
mined to be research, but CDC investigators did not interact
with human subjects or have access to identifiable data or
specimens for research purposes. Written informed consent
was obtained from all participants or their legal guardian;
assent was also obtained from children 15-17 years old.

RESULTS

Demographic characteristics of the survey
participants

A total of 1714 smear positive PTB cases were notified in the
selected facilities during the survey period, thus were eligible for

Culture/drug susceptibility testing flowchart for drug resistance survey in Tanzania

the survey. All 1714 were treated according to routine NTLP
guidelines, and 1557 were enrolled for the survey; 1493 (96%) of
them sent samples for investigation. Out of all samples received
1172 (78%) grew MTB and 10 (0.6%) grew NTM. There was no
growth in 278 samples (Figure 1). Among MTB cases, 1063
(91%) were new and 109 (9%) were previously treated.

Among the 1172 enrolled patients with confirmed TB,
the majority [825 (70.4%)] were males (Table 1). The pro-
portion of males was higher among previously treated
(80.7%) than new cases (69.3%). The mean age of the partic-
ipants was 37 years (36.7 years for new and 40.5 years for
previously treated patients); most of the patients [665
(56.7%)] were aged 25-44 years. Among MTB positive
patients, 286 (24.4%) were infected with HIV. Almost one
third (82/286) of all HIV-positive MTB individuals were
diagnosed in Dar es Salaam. The proportion of HIV-positive
individuals was higher among previously treated patients
39 (35.8%) than new patients [247 (23.2%)].

Resistance to first-line anti-TB drugs

Among 1172 MTB isolates, 1168 (99%) had DST results for
all drugs (Figure 1). Results for resistance to first-line anti-
TB drugs are summarised in Table 2. Of the 1168 TB
patients with DST results 25 (2.1%) patients (including
18 new and 7 previously treated) had any resistance to the
first- and second-line anti-TB drugs. Seventeen (1.5%) M. tb
isolates were resistant to rifampicin (R), the same number of
isolates (17 or 1.5%) were resistant to isoniazid (H). Four-
teen (1.2%) MTB isolates were resistant to both R and H,
meaning they were MDR-TB, including nine (0.8%) among
new cases and five (4.6%) among previously treated cases.
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TABLE 1 Profile of participants in the national anti-tuberculosis drug
resistance survey, 2017-2018

TABLE 2 Results from the national drug resistance survey in
Tanzania, 2017-2018

Previously treated  Total

Characteristic New n (%) n (%) n (%)
Total 1063 (91%) 109 (9%) 1172
Sex

Male 737 (69.3) 88 (80.7) 825 (70.4)

Female 326 (30.7) 21(19.3) 347 (29.6)
Age group (years)

0-14 16 (1.5) 0 16 (1.4)

15-24 189 (17.8) 9(8.2) 198 (16.9)

25-34 301 (28.3) 17 (15.6) 318 (27.1)

35-44 299 (28.1) 48 (44.0) 347 (29.6)

45-54 153 (144) 21 (19.3) 174 (14.9)

55-64 57 (5.4) 10 (9.2) 67 (5.7)

65+ 48 (4.5) 4(3.7) 52 (4.4)
Mean age 36.7 40.5 37
Median age (IQR) 36 (19) 40 (14) 37 (19)
Contact with MDR-

TB case

Yes 55 (5.2) 2 (1.8) 57 (4.9)

No 833 (78.4) 90 (82.6) 923 (78.7)

Missing 175 (16.4) 17 (15.6) 192 (16.4)
HIV status

Positive 247 (23.2) 39 (35.8) 286 (24.4)

Negative 816 (76.8) 70 (64.2) 886 (75.6)
Smoking

Yes 175 (16.5) 27 (24.8) 202 (17.4)

No 811(76.3) 72 (66.0) 883 (75.3)

Missing 77 (7.2) 10 (9.2) 87 (7.4)
Alcohol use

Yes 220 (20.7) 31 (28.4) 251 (21.4)

No 774 (72.8) 69 (63.3) 843 (71.9)

Missing 69 (6.5) 9(8.3) 78 (6.7)
Diabetes

Yes 15 (1.4) 1(0.9) 16 (1.4)

No 975(91.7) 98 (89.9) 1073 (91.5)

Missing 73 (6.9) 10 (9.2) 83 (7.1)

Note: Numbers rounded to make percentages sum to 100%.
Abbreviations: IQR, interquartile range; MDR-TB, multidrug-resistant tuberculosis.

The resistance pattern to individual first-line drugs
(FLD) shows highest resistance to H [any 17 (1.5%), mono
3 (0.3%)] and to R [any 17 (1.5%), mono 3 (0.3%)] followed
by resistance to streptomycin (S) [any 6 (0.5%), mono
4 (0.3%)] and ethambutol (E) [any 3 (0.3%), mono
1 (0.1%)]. Eleven (1.0%) cases, including nine (0.8%) new
and two (1.9%) previously treated had mono-resistance to at
least one FLD. Mono-resistance to FLD among new TB
patients was highest to S [4 (0.4%)] followed by H
[3 (0.3%)]. In contrast, mono-resistance among the previ-
ously treated patients was only observed for R [2 (1.9%)].

All'TB
Drug resistance New Previously patients
(n = 1168) n (%) treated n (%) n (%)
Total 1060 (100) 108 (100) 1168 (100)
Any resistance
H 12 (1.1) 5 (4.6) 17 (1.5)
R 10 (0.9) 7 (6.5) 17 (1.5)
E 2(0.2) 1 (0.9) 3(0.3)
S 5(0.5) 1 (0.9) 6 (0.5)
Total any 18 (1.7) 7 (6.5) 25 (2.1)
resistance
Mono-resistance
H only 3(0.3) 0 3(0.3)
R only 1(0.1) 2(1.9) 3(0.3)
E only 1(0.1) 0 1(0.1)
S only 4(0.4) 0 4(0.3)
Total mono- 9(0.8) 2(1.9) 11 (1.0)
resistance
Multidrug
resistance
Any H + R 9 (0.8) 5 (4.6) 14 (1.2)
(MDR)
H + R only 8 (0.7) 4(3.7) 12 (1.0)
H + R + E only 0 0 0
H + R + Sonly 0 0 0
H+R+E+S 1(0.1) 1(0.9) 2(0.2)

Abbreviation: TB, tuberculosis.

Drug resistance to all FLDs was seen in one new and one
previously treated patient. None of the isolates displayed
poly-resistance (other than MDR) or XDR-TB (Table 2).

The socio-demographic characteristics of the 14 identified
MDR-TB patients are shown in Table 3. Of the 14 MDR-TB
patients, 9 (64.3%) were new and 5 (35.7%) were previously
treated. Eight (57.1%) MDR-TB patients were males and six
(42.9%) were females. The age of the MDR-TB patients ran-
ged from 25 to 54 years. The proportion of HIV-positive
cases among patients with MDR-TB was 14.3%.

The distribution of MDR-TB cases by region is shown in
Table 4. Only 6 (29%) of all the 21 regions participated in
the study had MDR-TB cases. Of the 14 MDR-TB cases,
majority [8, (57.1%)] were from Dar es Salaam. Kilimanjaro
had 4 (28.6%) cases, while Mbeya, Mtwara, Songwe and
Unguja regions each had 1 (1.7%) case.

Estimated prevalence of MDR-TB in Tanzania

Logistic regression was used to account for missing data and
sampling design effects on the estimates the prevalence of
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TABLE 3 Characteristics of patients with multidrug resistance in the
national drug resistance survey in Tanzania, 2017-2018

New Previously treated Total
Characteristics n (%) n (%) n (%)
Total # MDR-TB 9 (64.3) 5(35.7) 14 (100)
patients

Sex

Male 4 (44.4) 4 (80.0) 8 (57.1)

Female 5(55.6 1(20.0) 6 (42.9)
HIV

Negative 8 (88.9) 4 (80.0) 12 (85.7

Positive 1(11.1) 1(20.0) 2 (14.3)
Age group (years)

0-14 0 0 0

15-24 0 0 0

25-34 6 (66.7) 2 (40.0) 8 (57.1)

35-44 2(22.2) 0 2 (14.3)

45-54 0 3 (60.0) 3(21.4)

55-64 0 0 0

65+ 1(11.1) 0 1(7)
Contact with MDR-

TB case

No 7 (77.8) 2 (40.0) 9 (64.3)

Yes 0 0 0

Unknown 2(22.2) 3 (60.0) 5(35.7)
Alcohol

No 6(66.7)  1(20.0) 7 (50.0)

Yes 2(222)  2(40.0) 4 (28.6)

Unknown 1(111) 2 (40.0) 3(21.4)
Smoking

No 7 (77.8) 2 (40.0) 9 (64.3)

Yes 1(11.1)  1(20.0) 2(14.3)

Unknown 1(111) 2 (40.0) 3(21.4)
Diabetes

No $(88.9) 3 (60.0) 11 (78.6)

Yes 0 0 0

Unknown 1(111) 2 (40.0) 3(21.4)

Note: Numbers rounded to make the percentages sum to 100.0%.
Abbreviation: MDR-TB, multidrug-resistant tuberculosis.

MDR-TB and their standard errors. Missing laboratory
results for 101 cases were imputed based on probability
model of the complete data for age, gender, treatment his-
tory, rifampicin, isoniazid and MDR-TB. To address over/
under-enrolment by facility, weights against notification
data (total number of patients with positive smear per clus-
ter compared with the enrolled patients) were included in
the regression model. Different approaches (with imputa-
tion, without imputation, with weight and without weight)
were used to estimate the prevalence of MDR-TB (Table 5).
After comparing the results from different methods, the
results received without imputation of missing values were

accepted as official DRS results in Tanzania, namely esti-
mated prevalence of MDR-TB among new cases is 0.85%
[95% confidence interval (CI): 0.4-1.3], among previously
treated cases is 4.6% [95% CI: 1.1-8.2] and overall is 1.2%
[95% CI: 0.6-1.8].

Factors associated with MDR-TB

The proportion of MDR-TB cases was higher among
females (6, or 1.7%) than males (8, or 1.0%), but this associ-
ation was not statistically significant (p = 0.3). In this study,
the only risk factor found to be significantly associated with
MDR-TB was history of previous TB treatment (odds
ratio = 5.7, 95% CI: 1.9-17.2; p = 0.002) (Table 6). Due to
the small number of MDR-TB cases, using multivariate
logistic regression model to adjust for other factors was not
possible.

DISCUSSION

The findings of the second nationwide anti-TB DRS in
Tanzania demonstrate the presence of M. tb strains that are
resistant to the commonly used first-line anti-TB drugs. The
overall prevalence of MDR-TB was 1.2%, being higher
among previously treated TB patients (4.6%) than new cases
(0.8%). The proportion of survey participants with MDR-TB
was higher among male than female TB patients. History of
previous TB treatment was the only risk factor for MDR-TB
in this study. According to the old WHO definition for
XDR-TB, none of the cases were identified in the survey. It
is of interest to note that most of the MDR-TB cases were
new rather than previously treated patients, suggesting that
primary transmission of MDR-TB strains takes place among
newly infected patients. This suggestion was also confirmed
geographically: the majority of new MDR-TB cases were
localised in Dar es Salaam (5/9, 56%).

The current findings shows that there was no increase in
MDR-TB rates compared to the previous survey conducted
in 2006 [15]. This finding is in line with the WHO conclu-
sion that the burden of MDR-TB or RR-TB as a share of the
number of TB cases remains stable globally during a few
pre-COVID years [23].

The estimate of the prevalence of MDR-TB in Tanzania
is still among the lowest in the recently reported DRS con-
ducted in other African countries and globally (3.3% among
new cases) [17, 18]. None of the patients in this survey had
any resistance to fluoroquinolones or second-line injectable
TB drugs.

In low- and middle-income countries TB prevalence is
significantly higher among men than women, with strong
evidence that men are less forthcoming in seeking and/or
accessing TB care in many settings [24-26]. In the current
survey we report a slightly higher proportion of MDR-TB
among female TB patients than among male TB patients,
but this difference was not statistically significant. Similar
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TABLE 4 Multidrug resistance in the national tuberculosis drug resistance survey in Tanzania by regions, 2017-2018

Region New n MDR n (%) Previously treated n MDR n (%) Total n MDR n (%)
Dar es Salaam 377 5(1.3) 45 3(6.7) 422 8(1.9)
Kilimanjaro 65 1(1.5) 9 3 (33.3) 74 2(2.7)
Mbeya 29 1(3.4) 0 0 (0) 29 1(3.4)
Mtwara 59 0 (0) 3 1(33.3) 62 1(1.6)
Songwe 61 1(1.6) 6 0 (0) 67 1(1.5)
Unguja 38 1(2.6) 4 0 (0) 42 1(24)
Note: Only regions with at least one MDR-TB case were included.
Abbreviation: MDR-TB, multidrug-resistant tuberculosis.
TABLE 5 Estimated prevalence of MDR-TB in Tanzania
Method New Previously treated All
Individual level no imputation
Simple random sampling 0.85 [0.4-1.6] 4.6 [1.5-10.5] 1.2 [0.7-2.0]
Cluster design, no weights 0.85 [0.5-1.5] 4.6 [2.1-10.0] 1.2 [0.7-2.1]
LR: no weights, no clustering 0.85 [0.3-1.4] 4.6 [0.7-8.6] 1.2 [0.6-1.8]
LR: weights, no clustering 0.74 [0.2-1.2]
Robust standard errors no weights 0.85 [0.4-1.3] 4.6 [1.1-8.2] 1.2 [0.6-1.8]
Robust standard errors and weights 0.74 [0.3-1.2]
Individual level with imputation
Robust standard errors no weights 1.1 [0.4-1.8] 5.0 [1.0-8.9] 1.4 [0.7-2.2]
Robust standard errors and weights 0.97 [0.2-1.7]

Abbreviations: LR, likelihood ratio; MDR-TB, multidrug-resistant tuberculosis.

findings were observed from the first national drug-resistant
survey conducted in Ukraine, where the proportion of
MDR-TB was higher among female TB patients than among
male TB patients and this difference was statistically signifi-
cant [27].

Different factors, such as HIV, have been reported else-
where [28-30] to be associated with MDR-TB. We also
investigated possible risk factors such as alcohol, smoking,
diabetes and HIV but none of these was found to be statisti-
cally significant. However, our findings of not identifying an
association between HIV and MDR-TB were in line with
those reported by Lukoye and others in Uganda [31] and
elsewhere [32-34]. It is also important to note that in this
survey the lack of statistically significant association between
MDR-TB and HIV may be due to the small number of
MDR patients. History of previous TB treatment was the
only factor significantly associated with MDR-TB in
Tanzania. While transmission of MDR-TB strains seems to
be the most common mechanism of getting MDR-TB, none
of the 57 survey participants who reported to be household
contacts of an MDR-TB case had MDR-TB [13, 35]. On the
other hand, household contact studies by Fox et al. [34] in
Vietnam showed that under 2% of household contacts of a
TB case developed TB disease. This corresponds with the
findings reported by earlier studies that previous exposure
to anti-TB treatment was the most common risk factor for
MDR-TB [37]. We also speculate that if MDR-TB was

missed at the first diagnosis, especially when diagnoses were
done only via smear microscopy, patients were likely to fail
on the first-line TB treatment.

Assessment of risk factors of MDR-TB should be con-
ducted regionally to develop the most effective strategy for
MDR-TB control in each country. Across all regions, previ-
ous TB disease and treatment are essential factors associated
with MDR-TB, indicating necessity of timely diagnosis,
appropriate treatment and thorough monitoring [38, 39].

Survey limitations

Several limitations during the study were encountered start-
ing from prolonged specimen collection over the planned
period of time due to different reasons such as lack of
reagents along the way which meant losing some eligible cli-
ents. Some clusters repeated enrollment due to inconsistent
enrolling and missing eligible patients. As such, 9% of all eli-
gible individuals were not enrolled in the survey. However,
despite this limitation, the survey results were consistent
with the results from the previous survey in Tanzania [20]
as well as with the results that have been reported in neigh-
bouring countries [26, 27]. Due to the high prevalence of
HIV in Tanzania, and the fact that individuals living with
HIV/AIDS were more likely to have smear negative TB than
those without HIV, inclusion of smear negative specimens
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TABLE 6 Factors associated with MDR-TB

Risk factors MDR n (%) Non-MDR n (%) OR 95% CI p Value
Patient classification

New 9 (0.8) 1051 (99.2) Reference

Previously treated 5 (4.6) 103 (95.4) 5.7 1.9-17.2 0.002
Sex

Male 8 (1.0) 815 (99) Reference

Female 6 (1.7) 339 (98.3) 1.8 0.6-5.2 0.3
Age groups

0-14 0(0) 16 (100) N/A

15-24 0 (0) 198 (100) N/A

25-34 8(2.5) 308 (97.5) 4.5 0.9-21.2 0.06

35-44 2 (0.6) 344 (99.4) Reference

45-54 3(1.7) 171 (98.3) 3.0 0.5-182 02

55-64 0 (0) 67 (100) N/A

65+ 1(2.0) 50 (98) 3.4 0.3-38.6 0.3
Age groups

0-34 8 (1.5) 522 (98.5) Reference

35+ 6 (0.9) 632(99.1) 0.6 0.2-1.8 0.4
Age groups

0-44 10 (1.1) 866 (98.9) Reference

45+ 4(14) 288 (98.6) 12 0.4-39 08
HIV status

Yes 2(0.7) 282(99.3) 0.5 0.1-3.2 0.4

No 12 (1.4) 872 (98.6) Reference
Alcohol use

Yes 4 (1.6) 245 (98.4) 1.9 0.6-6.7 0.3

No 7 (0.8) 834 (99.2) Reference

Missing 3(3.8) 75 (96.2)
Ever smoked

Yes 2 (1.0) 200 (99) 0.97 0.2-4.5 0.9

No 9 (1.0) 870 (99) Reference

Missing 3(3.4) 84 (96.6)
Diabetes mellitus

Yes 0 (0) 16 (100) N/A

No 11 (1.0) 1058 (99)

Missing 3(3.6) 80 (96.4)
Contact with MDR-TB case

Yes 0 (0) 57 (100) N/A

No 9 (1.0) 910 (99)

Missing 5(2.6) 187 (97.4)

Note: Tanzania national anti-tuberculosis drug resistance survey, 2017-2018.

Abbreviations: CI, confidence interval; MDR-TB, multidrug-resistant tuberculosis; OR, odds ratio.

and the use of molecular techniques could be considered for
future survey [36, 37]. There may have been misclassifica-
tion bias due to reporting/transcription errors of previous
TB history of enrolled patients. Nevertheless, efforts to mini-
mise this bias were undertaken by including additional ques-
tions regarding previous TB history and checking the
history of previous TB treatment in hospital TB registers.

In addition, there were some laboratory challenges
including storage of specimens and delays in shipping of
specimens from the facilities to CTRL leading to loss of via-
bility of possible drug-resistant strains in the specimens
[24]. Despite these challenges, external quality assessment of
DST of the isolates demonstrated consistency with the sur-
vey results.
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CONCLUSION

The second TB DRS in Tanzania confirmed that the burden
of MDR-TB in the country was relatively low. The findings
show no evidence of XDR. Given the overall small number
of MDR-TB cases in this survey, efforts should be aimed at
improving case detection by including universal DST ensur-
ing that all patients with presumptive DR-TB have access to
DST for all anti-TB medicines, timely initiation of treatment
and enhancing measures to prevent transmission of the dis-
ease to assure that levels of TB drug resistance remain low.
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APPENDIX A: LIST OF CLUSTERS FOR ANTI-TB DRUG RESISTANCE SURVEY; 2016-2017

Region District Name of diagnostic Centre Cluster #
Arusha Karatu District Council Karatu Health Centre 11
Arusha Arusha City East Mount Meru Hospital 26
Arusha Arusha City West Levolosi Health Centre 16
Dar es Salaam Dar Ilala I Chanika Dispensary 5
Dar es Salaam Dar Ilala I Buguruni Health Centre 3
Dar es Salaam Dar Ilala I Kiwalani Dispensary 15
Dar es Salaam Dar Kinondoni Kimara Dispensary 14
Dar es Salaam Dar Ilala I Ukonga Dispensary 44
Dar es Salaam Dar Ilala IT Infectious Disease Clinic (IDC) 8
Dar es Salaam Dar Kinondoni Gati Dispensary 7
Dar es Salaam Temeke TB/LP Region Kigamboni Health Centre 13
Dar es Salaam Dar Ilala I Amana Hospital 1
Dar es Salaam Dar Kinondoni Sinza Hospital 38
Dar es Salaam Dar Kinondoni Magomeni Health Centre 18
Dar es Salaam Temeke TB/LP Region Rangitatu Hospital 35
Dar es Salaam Dar Kinondoni Mwananyamala Hospital 29
Dodoma Dodoma Municipal Council DDRRH 6
Geita Geita District Council Nyarugusu Dispensary 34
Iringa Kilolo District Council Tlula Hospital
Kagera Bukoba Municipal Council Buyekela Dispensary 4
Kashai® Dispensary 4
Kagera Missenyi District Council Mugana District Designated Hospital (DDH) 27
Kagera Kyerwa District Council Nkwenda Health Centre 32
Kilimanjaro Same District Council Same Designated Hospital 36
Kilimanjaro Moshi Municipal Council Mawenzi Referral Hospital 21
Manyara Simanjiro District Council Mererani Health Centre 23

(Continues)
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Region District Name of diagnostic Centre Cluster #
Mara Rorya District Council Barak Health Centre 2

Shirati Hospital® 2

Mara Tarime Town Council Tarime Hospital 42
Mbeya Mbozi District Council Mbozi Mission Hospital 22
Mbeya Rungwe District Council Tukuyu District Hospital 43
Mbeya Mbozi District Council Vwawa District Hospital 45
Mlowo Dispensary” 45

Morogoro Ulanga District Council Lugala Hospital 17
Mtwara Mtwara District Council Nanguruwe Health Centre 30
Mtwara Newala District Council Newala Hospital 31
Mtwara Tandahimba Dist. Council Tandahimba Hospital 41
Mwanza Kwimba District Council Mwamashimba Hospital 28
Mwanza Mwanza Urban North S'Toure Hospital 40
Njombe Makambako Town Council Makambako Hospital 19
Pemba South Pemba Abdalla Mzee Hospital 34
North Pemba Wete Hospital® 34

Pwani Kibiti District Council Kibiti Hospital 12
Pwani Mkuranga District Council Mkuranga Hospital 24
Ruvuma Songea Municipal Council Songea Regional Hospital 39
Shinyanga Shinyanga Municipal Council Shinyanga Regional Hospital 37
Shinyanga Kahama Town Council Kahama Hospital (Government) 10
Tanga Mkinga District Council Maramba Health Centre 20
Unguja Town and West Mnazi Mmoja Hospital 25

* Complementary health facility.
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Abstract

Background: Mycobacterium tuberculosis presents several lineages each with distinct characteristics of evolution-
ary status, transmissibility, drug resistance, host interaction, latency, and vaccine efficacy. Whole genome sequencing
(WGS) has emerged as a new diagnostic tool to reliably inform the occurrence of phylogenetic lineages of Mycobac-
terium tuberculosis and examine their relationship with patient demographic characteristics and multidrug-resistance
development.

Methods: 191 Mycobacterium tuberculosis isolates obtained from a 2017/2018 Tanzanian drug resistance survey were
sequenced on the lllumina Miseq platform at Supranational Tuberculosis Reference Laboratory in Uganda. Obtained
fast-g files were imported into tools for resistance profiling and lineage inference (Kvarg v0.12.2, Mykrobe v0.8.1 and
TBprofiler v3.0.5). Additionally for phylogenetic tree construction, RaxML-NG v1.0.3(25) was used to generate a maxi-
mum likelihood phylogeny with 800 bootstrap replicates. The resulting trees were plotted, annotated and visualized
using ggtree v2.0.4

Results: Most [172(90.0%)] of the isolates were from newly treated Pulmonary TB patients. Coinfection with HIV was
observed in 33(17.3%) TB patients. Of the 191 isolates, 22(11.5%) were resistant to one or more commonly used first
line anti-TB drugs (FLD), 9(4.7%) isolates were MDR-TB while 3(1.6%) were resistant to all the drugs. Of the 24 isolates
with any resistance conferring mutations, 13(54.2%) and 10(41.6%) had mutations in genes associated with resistance
to INH and RIF respectively. The findings also show four major lineages i.e. Lineage 3[81 (42.4%)], followed by Lineage
474 (38.7%)], the Lineage 1 [23 (12.0%)] and Lineages 2 [13 (6.8%)] circulaing in Tanzania.

Conclusion: The findings in this study show that Lineage 3 is the most prevalent lineage in Tanzania whereas drug
resistant mutations were more frequent among isolates that belonged to Lineage 4.

Keywords: Phylogenetic, Lineages, Mycobacterial isolates, Whole-genome sequencing, Tanzania
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in new cases to be 2.1%. This low prevalence is however
likely to be due to under reporting and lack of intensive
access to drug resistance testing (DST) [1]. Phylogenetic
analysis has been revolutionary in understanding the evo-
lutionary development and diversification of pathogenic
organisms and is useful in understanding their distribu-
tion. Seven major lineages of Mycobacterium tuberculosis
(M. tuberculosis), have been globally documented each
exhibiting distinct characteristics from another in terms
of evolutionary status, transmissibility, drug resistance,
host interaction, latency, and vaccine efficacy [2]. These
major lineages have been further subdivided into sub-
lineages for example lineage 2 (East Asian) and lineage
4 (Euro-American) comprise the Beijing and Haarlem
genotypes respectively. These show variation in virulence
and pathogenicity with high association for tuberculosis
outbreaks and drug-resistance [3]. Understanding TB
transmission is key in disease control and prevention and
the later highly depends upon rapid case detection. Rapid
case detection should incorporate timely accurate drug
susceptibility testing (DST) of Mycobacterium tubercu-
losis (M. tuberculosis) isolates. Several testing methods
have been endorsed by the World Health Organisation
(WHO) to test and confirm M. tuberculosis, revealing
its phenotypic and genotypic characteristics. The most
widely used phenotypic method i.e., culture and drug
susceptibility testing are notoriously challenging and
require stringent biosafety requirements to obtain the
actual diagnosis [4]. These conventional methods are
slow for comprehensive understanding of the M. tuber-
culosis infections to administer appropriate treatment.
The molecular methods which include line-probe assays
(LPAs) and Xpert MTB/RIF assay (Cepheid, Sunnyvale,
CA, USA) tend to overcome some of these challenges
but fall short on covering the entire genomic understand-
ing of the M. tuberculosis strains [5]. New molecular
diagnostic methods based on genomic DNA sequencing
have increasingly expounded TB genomics characteristi-
cally describing phylogeny of M. tuberculosis [6]. These
include IS6110-RFLP methodology necessitating South-
ern blotting, spoligotyping, mycobacterial interspersed
repetitive and whole genome sequencing (WGS) [7-10].
These have greatly improved the understanding of detec-
tion of unsuspected transmission and discrimination
between re-infection, relapse and phylogeographical var-
iations of the M. tuberculosis [11, 12].

Tanzania ranks among the seven TB high burden coun-
tries worldwide [13] with a total of 75,845 cases notified
and incidence of 253 per 100,000 in 2018. The regional
distribution of the cases in the country ranks Dar es
Salaam city as the major contributor of TB cases notifi-
cation at 20% contribution of all cases [13] with the rest
in other regions of Mwanza, Arusha, Geita, Dodoma,
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Manyara and Mbeya but less has been done to under-
stand the phylogenetic distribution.

Worldwide, vast numbers of sequences of M. tubercu-
losis strains have been generated with several libraries of
single nucleotide poly-morphisms (SNPs) and other vari-
ants generated for comparative purposes. The research in
low- and middle-income countries where Tanzania falls
still lags in this area and more work needs to be done to
guide accurate clinical decisions and provide more evi-
dence of the prevailing strains in the country. To compre-
hensively understand the phylogeographical variations
in Tanzania, we performed WGS on the drug resistance
survey (DRS) isolates sourced all around Tanzania. Find-
ings from this work should inform intervention strategies
and future MDR-TB monitoring tactics. The sequence
data will also help to understand the genomic character-
istics of M. tuberculosis isolates and their resistant muta-
tions prevalent among pulmonary TB patients enrolled
during the second national anti-TB drug resistance sur-
vey in Tanzania.

Methods

Study design, population and sampling

This was a cross sectional national drug resistance survey
conducted from June 2017 to July 2018. A cluster sam-
pling strategy was used and the unit of sampling was a
diagnostic center that notified 8 and more smear positive
cases in 2015. Based on this, a total of 45 clusters were
selected and in each cluster, a total of 34 new smear posi-
tive pulmonary TB patients and all previously treated
smear positive pulmonary TB cases diagnosed during
the intake period for the survey were enrolled. Sputum
samples were collected and forwarded to the Central TB
Reference Laboratory (CTRL) in Dar es Salaam for smear
microscopy, culture, strain identification and suscepti-
bility testing following standard NTLP procedures. For
WGS, a total of 627 culture positive isolates were shipped
to the National TB Reference Laboratory/Supranational
Tuberculosis Reference Laboratory- Uganda.

Sub-culture and DNA extraction for whole-genome
sequencing

All isolates were sub-cultured on selective Middlebrook
7HI11 agar (Becton and Dickson, USA), incubated at
37°C in a CO, incubator (Panasonic, Osaka, Japan) and
monitored weekly for growth. Once sufficient bacte-
rial colonies were observed, these were harvested into a
15 ml Falcon tube with 1.0 ml of sterile water, followed
by a thirty-minute heat inactivation at 85°C. High quality
genomic DNA was extracted using an in-house cetyltri-
methylammonium bromide (CTAB) method previously
described [14]. Integrity of the extracted DNA was
assessed using the TapeStation 4150 (Agilent USA) with



Mutayoba et al. BMC Genomics (2022) 23:561

the Agilent Genomic DNA ScreenTape and reagents.
Purity of the bacterial DNA was assessed using the Nan-
oDrop 2000c (ThermoFisher Scientific).

Library preparation and sequencing

Genomic libraries were prepared using the Illumina
Nextera XT library preparation kit following manufac-
turer’s instructions [15]. Quality of the prepared librar-
ies was assessed with the Agilent 4150 using the D1000
High sensitivity ScreenTape and reagents. Libraries were
sequenced on the MiSeq (Illumina, San Diego, CA, USA)
using the Illumina MiSeq V3 cartridge at the Suprana-
tional Tuberculosis Reference Laboratory in Uganda.

Bioinformatics analysis

Resistance and lineage determination

A total of 191 samples were sequenced. Quality of reads
was assessed using FastQC [16] v0.11.8 and MultiQC
[17] v1.0. Bad quality bases were trimmed off using Trim-
momatic v0.39 [18]. Three tools for resistance profiling
and lineage inference namely Kvarq [19] v0.12.2, Myk-
robe [20] v0.8.1 and TBprofiler [21] v3.0.5 were run.

Phylogenetic tree construction

De-novo genome assembly of all samples was done using
Unicycler v0.4.8[22]. The assembled genomes were then
annotated using Prokka [23] to generate genomic fea-
ture files to be used as input for Roary v3.13.0 [24] which
was then used to generate a core gene multiple sequence
alignment. Using the GTR+G substitution model, a
maximum likelihood phylogeny was constructed using
RaxML-NG v1.0.3 [25] with 800 bootstrap replicates
with H37Rv reference strain NC_000962.3 as the refer-
ence and Mycobacterium canettii NC_015848.1 as the
out-group. The resulting trees were plotted, annotated
and visualized using ggtree v2.0.4 [26].

Ethical considerations

The study was approved by the National Health Research
Ethics Committee of Tanzania and the Department of
Infectious Diseases and Tropical Medicine, Medical
Center of the University of Munich, Munich, Germany.
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Written informed consent or assent was obtained from
all participants.

Results

Demographic characteristics of TB patients from whom

the isolates were collected

Of the 627 samples received at the NTRL-Uganda, 10
were rejected and only 617 were sub-cultured. Of these
265 (43%) vyielded either no growth (negative), con-
taminated or NTM and could not be processed further
for WGS. Of the 352 samples that yielded a positive TB
culture, 191 (54%) were sequenced due to resource con-
straints. Of these, 133 (70.0%) were from male TB
patients. The mean age (standard deviation) of the TB
patients from whom the isolates were collected was 37.5
(£13.8) years. Most (107; 55.8%) of the TB patients were
aged 25—44 years. Most [169 (88.0%)] of the isolates were
from newly treated pulmonary TB patients. Coinfec-
tion with HIV was observed in 33 (17.3%) of the 191 TB
patients. Of the 191 isolates, 22 (11.5%) were resistant
to one or more commonly used first line anti-TB drugs
(FLD). While 3 (1.6%) were resistant to all the drugs, 9
(4.7%) isolates were MDR-TB (Supplementary data
Table 1).

Phylogenetic analysis

From the 191 M. tuberculosis isolates, four main lineages
were identified at different frequencies (Table 1). The
dominant lineage was Lineage 3 [81 (42.4%)], followed
by Lineage 4 [74 (38.7%)], then Lineage 1 [23 (1209%)]
and Lineage 2 [13 (6.8%)] (Table 1). Lineage 3 was the
most prevalent among isolates from previously treated
TB cases 9 (47.4%) as compared to 72 (41.9%) among
isolates from newly treated patients. Lineage 4 domi-
nated 7 (36.8%) those previously treated as compared to
67 (39.0%) of the newly treated. Lineage 1 was reported
in 2 (10.5%) of the previously treated as compared to 21
(12.1%) of the newly treated patients. Lineage 2 was iso-
lated in 1 (5.3%) of the previously treated TB case while
the newly treated patients harboured 12 (6.9%) of these
isolates. Lineage 3 was the most prevalent in both HIV
positive 15 (5.5%) and HIV negative 66 (41.8%). This was

Table 1 Patients'history of previous TB treatment and HIV status by M. tuberculosis lineages

M. tuberculosis Total History of TB, n (%) HIV Status, n (%)
lineages n (%)

Previously treated Newly treated HIV positive HIV negative
Lineage 2 13 (6.8) 1(5.3) 12 (7.0) 1(3.0) 12 (7.6)
Lineage 3 81 (42.4) 9(474) 72 (41.9) 15 (45.5) 66 (41.8)
Lineage 1 23(12.0) 2(10.5) 21 (12.1) 2(6.1) 21(13.3)
Lineage 4 74 (38.7) 7(36.8) 67 (39.0) 15 (45.5) 59(37.3)
Total 191 19 (10.0) 172 (90.0) 33(17.3) 158 (82.7)
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also the case for Lineage 4 with 59 (37.3%) isolates from
HIV negative and 15 (45.5%) from HIV positive patients
(Table 1).

M. tuberculosis Lineages and their correlation with drug
resistance conferring mutation

While the Lineage 2 had 1 (7.7%) isolate that showed
resistance to rifampicin and ethambutol, Lineage 3 had
7 (8.6%) isolates resistant to FLDs, out of which 3 (3.7%)
were MDR-TB. For Lineage 1, out of the 23 isolates, 5
(21.7%) were resistant to FLDs and 2 (8.7%) were MDR-
TB. Out of 74 isolates for Lineage 4, 9 (12.2%) were resist-
ant to FLDs and 3 (4.1%) were MDR-TB (Table 2, Fig. 1
and Supplementary data Table 2).

Frequency of drug resistant mutations

The most prevalent Isoniazid conferring mutation
was KatG.Ser315Thr [9 (37.5%)]. The inhA.Ser94Ala
and fabGl c¢.-15C>T, ¢.-8 T>A, CTG607CTA had 1
(4.2%) mutation each. All Isoniazid conferring muta-
tions were classified as common with a high resist-
ance level observed in fabGI c.-15C>T and KatG.
Ser315Thr while the promoter regions of inhA.Ser94Ala,
fabG1.CTG607CTA and fabGl c.-8 T>A. All had a low
detected resistance level (Table 3).

The most prevalent Rifampicin resistance-conferring
mutation were rpoB.GIn432Glu and rpoB.Ser450Leu
with each accounting for a total of 3 (12.5%), while the
remaining mutations were as follows: rpoB.Ser441Gln
was found twice (8.3%), rpoB.His445Asn 1 (4.2%),
and rpoB.Leu430Pro as well only 1 (4.2%). Rifampicin
resistance-conferring mutation rpoB.His445Asn and
rpoB.Ser441Gln were classified as rare with an equally
low observed resistance level, while rpoB.GIn432Gluy,
rpoB.Leu430Pro and rpoB.Ser450Leu were classified as
commonly occurring mutation with a high resistance
level observed (Table 3).

Resistance-conferring mutations to Ethambutol in
the embCAB loci were found in 8 (33.3%) isolates,
with embB.Met306lle being the most prevalent in 4
(16.7%), followed by embB.GIn497Arg at 2 (8.4%) while
embB.Aspl024Asn and embB.Leu359Ile each had 1
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(4.2%) mutation prevalence. All Ethambutol driven
mutations were classified as common with a high resist-
ance level. Resistance to Pyrazinamide at the pncA locus
was identified in 8(33.3%) isolates and none with rpsA.
The most prevalent Pyrazinamide resistance-conferring
mutation pncA.Ala30Val and GAG331TAG with each
accounting for 2 (8.4%), while the remaining mutations
of pncA.Leul72Pro, pncA.PhelO6Leu, pncA.Thr160Ala,
and pncA.E111$ all had 1 (4.2%) mutation each. Resist-
ance conferring mutation at pncA.PhelO6Leu was clas-
sified as rare while pncA.Leul72Pro, pncA.Ala30Val,
pncA.GAG331TAG, pncA.Thrl60Ala and pncA.E111
were considered common (Table 3).

For Streptomycin resistance, mutation in the
rspL.Lys88Met was reported at 4 (16.7%) and were more
frequent followed by resistance-conferring mutation in
rrs. Ser172Cys at 1 (4.2%) while mutations in the gidB
promoter region of Pro93Leu accounted for 1 (4.2%).
Resistance to Ethionamide due to mutations in fabGl
and inhA were found in 2(8.3%) of the isolates. Resist-
ance-conferring mutation at loci fabG1 c.-15C>T and
inhA.Ser94Ala each Ser94Ala were each reported at 1
(4.2%). Mutations in the conserved quinolone resistance-
determining region (QRDR) of gyrA at position Ala90Val
at 1 (4.2%) as well as Asp94Gly at 1 (4.2%) and classified
as common (Table 3 and Supplementary data Table 3).

Discussion

This study reports the existence of heterogeneity among
MTBC lineages circulating in Tanzania. Central Asian
Lineage (L3) was the most predominant followed by Euro
American (L4), Indo-Oceanic (L1) and East-Asian [2]
lineage respectively. This is contrary to an earlier study
done in the same setting that reported L4 to be the more
widely distributed lineage as compared to L3 [27]. Previ-
ous studies have also highlighted that the East Asian line-
age has only been recently circulating within the African
continent which is consistent to findings in this study
[28]. Furthermore, L3 was reported to be widely distrib-
uting among the newly treated population in this study
as compared to the population with a previous history
of TB treatment which may be suggestive of a high TB

Table 2 Anti-TB drug resistance stratified by M. tuberculosis lineages, N= 191

M. tuberculosis Total n Anti-TB drugs resistance (row %)
lineages
INH RMP EMB PZA MDR RFLD?
n (%) n (%) n (%) n (%) n (%) n (%)
Lineage 2 13 0(0) 1(7.7) 1(7.7) 0(0) 1(7.7) 1(7.7)
Lineage 3 81 4(4.9) 5(6.1) 2(24) 0(0) 3(3.7) 7(8.6)
Lineage 1 23 3(13.0) 1(4.4) 1(4.4) 1(4.4) 2(8.7) 5(21.7)
Lineage 4 74 6(8.1) 3(4.1) 4(54) 7 (9.5) 3(4.1) 9(12.2)

RFLD® Resistant to first line drugs, INH Isoniazid, RMP Rifampicin, EMB Ethambutol, PZA Pyrazinamide, MDR Multi-drug resistance
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LINEAGE AND RESISTANCE PATTERNS

Lineage l Beijing East Africa I Beijing East Asia l Delhi Central Asia I East Africa Indian Ocean I European American

Resistance [ Sensitive || Resistant
Fig. 1 Phylogenetic tree showing association between Mycobacterium tuberculosis lineages and drug resistance
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Table 3 Frequency of drug resistance mutations, N=24
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Drug Gene Mutation Resistant Classification of the mutation Resistance level
(n/N (%))

Isoniazid fabG1 c-15C>T 1/24 (4.2) Common High
fabG1 CTG607CTA 1/24 (4.2) Common Low
fabG1 c-8T>A 1/24 (4.2) Common Low
inhA Ser94Ala 1/24 (4.2) Common Low
katG Ser315Thr 9/24 (37.5) Common High

Rifampicin rpoB GIn432Glu 3/24 (12.5) Common High
rpoB His445Asn 1/24 (4.2) Rare Low
rpoB Leu430Pro 1/24 (4.2) Common High
rpoB Ser441GIn 2/24 (8.3) Rare Low
rpoB Ser450Leu 3/24 (12.5) Common High

Ethambutol embB Asp1024Asn 1/24 (4.2) Common High
embB GIn497Arg 2/24 (84) Common High
embB Leu359lle 1/24 (4.2) Common High
embB Met306lle 4/24(16.7) Common High

Pyrazinamide pncA Ala30Val 2/24 (84) Common High
pncA E111$ 1/24 (4.2) Common Low
pncA GAG331TAG 2/24 (8.4) Common High
pncA Leu172Pro 1/24 (4.2) Common High
pncA Phe106Leu 1/24(4.2) Rare Low
pncA Thr160Ala 1/24 (4.2) Common High

Streptomycin gid Pro93Leu 1/24 (4.2) -
rpsL Lys88Met 4/24 (16.7) -
rrs Ser172Cys 1/24 (4.2) -

Ethionamide fabG c-15C>T 1/24 (4.2) -
inhA Ser94Ala 1/24 (4.2) -

Fluoroquinolones gyrA Alag0Val 1/24 (4.2) Common (LEV, MOX CC)
gyrA Asp94Gly 1/24 (4.2) Common

Note: Indicates missing information on classification

transmission pattern of the widely transmitting L3 in
Tanzania.

In this study, we show that East Asian lineage and Euro
American lineages were largely found in TB patients liv-
ing with HIV. This is a rare finding in Tanzania since no
previous study has demonstrated no such association
between TB drug resistance and HIV infection [29, 30].
However, our findings are in line with the findings from
a recent study conducted in Haiti that reported the same
MTB lineages harbouring MDR-TB resistance patterns as
well as the higher risk of MDR-TB infection in people liv-
ing with HIV (PLHIV) [31].

Although previous treatment for TB is the strongest
risk factor for development of DR-TB [32-35], treat-
ment-naive patients may also acquire drug resistance
due to either transmission of resistant strains or spon-
taneous mutations. In our study we report strains resist-
ant to some SLDs which are not being used to treat TB
in Tanzania. However, similar findings were reported in

a study conducted in India to determine the antimicro-
bial susceptibility to first-line and second line anti-TB
drug resistance among newly diagnosed pulmonary TB
(PTB) cases, primary multi-drug resistance (MDR) and
extensively drug resistance (XDR) were reported [36].
Prevalence of primary drug resistance serves as an epide-
miological indicator to assess the success of the national
TB control programme. Based on these findings, there is
a need to give emphasis on appropriate screening of TB
cases, effective and rational use of second line drugs for
newly diagnosed MDR-TB patients to prevent the emer-
gence of pre-XDR/XDR-TB strains.

Resistance to anti-TB drugs in M. tuberculosis arises
as a result of spontaneous gene mutations that reduce
the bacterium’s susceptibility to the most commonly
used anti-TB drugs[37]. Several previous studies have
identified different genes that encode anti-TB drug
targets and have briefly described different mecha-
nisms of resistance both to RIF and INH [37, 38].
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The genes can encode drug targets or drug metabo-
lism mechanisms and influence the efficacy of anti-
TB treatment [13, 39, 40]. INH resistance appears
more complex and has been associated with multiple
genes, most commonly katG and the promoter region
of the inhA gene [27]. In the current study, we report
that the most prevalent INH conferring mutation was
KatG.Ser315Thr [9 (37.5%)]. Other studies have also
shown that molecular diagnostic tests for INH resist-
ance rely on detection of the ‘canonical’ mutations in
codon 315 of katG and position 15 in the inhA pro-
moter region. Also, many earlier studies have identi-
fied highly variable frequencies of these mutations,
with katG315 mutations accounting for 42-95% and
inhA-15 mutations accounting for 6-43% of pheno-
typic INH resistance [38, 40]. Reta and colleagues [27]
found a prevalence of 95.8% for the katG315 muta-
tion and 5.9% for the inhA promoter area mutation in
patients with INH-resistant M. tuberculosis in a sys-
tematic evaluation of gene variants related with RIF
and INH resistant M. tuberculosis in Ethiopia.

According to the World Health Organization (WHO),
Next- Generation Sequencing is an important tech-
nique for drug-resistant tuberculosis (TB) (DR-TB)
surveillance [41]. Whole Genome Sequencing offers
more accurate and complete results for both first-line
and second-line anti-TB medications, as well as useful
insights into molecular epidemiology, such as phylo-
genetics, strain evolution, and transmission, than the
traditional phenotypic drug susceptibility test (DST)
[41]. Despite the fact that our study did not set out to
compare the performance of conventional phenotypic
DST and WGS, we found higher levels of MDR-TB
and resistance to one or more commonly used first-
line anti-TB drugs than those found in Tanzania’s first
national anti-TB drug resistance survey and the main
survey from which the current isolates were derived.
Other studies (not including national anti-TB surveys)
[7, 32] have found that WGS testing of anti-TB drugs
has the potential to provide comprehensive resist-
ance detection much faster, with improved turnaround
times, allowing for prompt appropriate treatment and
associated patient and health-care benefits. [33].

Our study was limited to a small sample size, there-
fore findings of the phylogenetic distribution and asso-
ciation between lineages with patient demographic
characteristics and drug resistance patterns may not
be representative of the entire country profile. Further-
more, unavailability of data from conventional pheno-
typic DST methods in this study still limits our current
understanding of the comparison of such methods with
next generation sequencing approaches such as WGS
in this setting.
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Conclusion

The findings in this study shows existence of M. tuber-
culosis strains resistant to some second line drugs which
were not routinely used to treat TB in Tanzania. Line-
age 3 was the most prevalent among previously treated
TB cases and in TB patients living with HIV. Lineage
1 and 4 were found to be prevalent in cases that were
resistant to first line anti-TB drugs. The use of next
generation sequencing tools such as WGS at a national
anti-TB drug resistance survey is recommended as it
may improve the epidemiological findings for appropri-
ate interventions.
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