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s u m m a r y

Molecular typing of Mycobacterium tuberculosis(MTB) has greatly enhanced the understanding of the
population structure of MTB isolates and epidemiology of tuberculosis (TB). To characterize prevalent
genotypes of MTB, microarrays‑based spoligotyping and mycobacterial interspersed repetitive uni-
t‑variable number of tandem repeats (MIRU‑VNTR) were applied on 80 isolates collected from primary
health care facilities in Tanga, North‑eastern Tanzania. A total of 18 distinct spoligotypes were identified.
The lineages by order of their predominance were EAI and CAS families (26.25%, 21 isolates each), LAM
family and T super‑family (10%, 8 isolates each), MANU family (3.75%, 3 isolates), Beijing family (2.5%, 2
isolates) and S family (1.25%, 1 isolate). Overall, sixteen (20%) strains could not be allocated to any lineage
according to the SITVIT_WEB database. The allelic diversity (h) for specific MIRU‑VNTR loci showed a
considerable variation ranging from 0.826 of VNTR locus 3192 to 0.141 of VNTR locus 2059. The allelic
diversity for 11 loci (VNTR 3192, 2996, 2165, 960, 4052, 424, 4156, 2531, 1644, 802 and 3690) exceeded
0.6, indicating highly discriminatory power. Seven loci (VNTR 2163b, 2401, 1955, 577, 4348, 2687 and
580) showed moderate discrimination (0.3 � h � 0.6), and three loci (VNTR3007, 154 and 2059) were less
polymorphic. The present study suggests that the TB cases in Tanga might be caused by a diverse array of
MTB strain families that may be indicative of a cosmopolitan population with frequent migration and
travel. Microarray‑based spoligotyping and MIRU‑VNTR could be reliable tools in detecting different MTB
genotypes in high burden settings.

© 2016 Elsevier Ltd. All rights reserved.
1. Introduction

Tuberculosis (TB) caused by bacteria belonging to the Myco-
bacterium tuberculosis complex (MTC), in humans primarily by
M. tuberculosis (MTB), remains a major public health threat globally
and a leading cause of morbidity and mortality in many sub-Sahara
African countries. Co-infection with HIV/AIDS and the emergence
of multi-drug resistant (MDR) MTB strains have worsened the sit-
uation [1]. Tanzania is among 22 countries with the highest burden
of disease [2]. In 2013, the prevalence of bacteriologically confirmed
ry Microbiology and Parasi-
3019, Morogoro, Tanzania.
TB in Tanzania was 295 per 100,000 adult persons [3]. Notification
of TB cases, has increased from about 61,838 cases in 2011 to 63,892
in 2012 which is about 3.3% increase [4]. This increase may be
attributable to either increased TB/HIV co-infection [5] or reac-
tivation of latent MTB infection or due to better diagnostic tools.

Molecular genotyping of MTC isolates has proven to be a valu-
able tool with great potential to significantly impact both individual
clinical management and public health [6]. Techniques such as
IS6110 restriction fragment length polymorphism (RFLP) typing [7],
spoligotyping and mycobacterial interspersed repetitive unit -
variable number tandem repeat (MIRU-VNTR) analysis [8,9], and
more recently whole genome sequencing [10] have become
powerful tools in understanding and predicting disease trans-
mission dynamics. IS6110-RFLP is the gold standard among theMTB
genotyping tools; however, the method is laborious and requires
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weeks for culturing the isolates since it demands large amounts of
DNA and has poor inter-laboratory reproducibility hence rendering
its use limited [11]. In addition, it is also less discriminatory among
the MTB isolates having a low copy number (<5) of IS6110 [12].

PCR-based methods such as spoligotyping [13] and MIRU-VNTR
typing [9] have enabled to overcome the drawbacks shown by the
IS6110 fingerprinting. The methods are faster to perform and inter-
pret, demand small quantities of genomic DNA and can easily be
presented in digitalized format allowing for comparison between
different laboratories [14]. Furthermore, availability of freely acces-
sible web-based database for analysing data generated from these
methodsmakes strains identification rathereasier andquicker [1,15].

Spoligotyping is based on polymorphism among 43 spacers in
the direct repeat (DR) locus among species of the MTC [13],
whereas MIRU-VNTR is based on the number of repetitive units
present in multiple defined loci [16]. The discriminatory power of
this method is close to that of IS6110-based fingerprinting [12,17]
and produces better resolution between strains with low IS6110
copy number [18]. Availability of an online tool for classification
and analysis of strains of MTC http://tbinsight.cs.rpi.edu/run_tb_
lineage.html [15] plus an international database at http://www.
pasteur-guade-loupe.fr/tb/spoldb4.htm maintained at Pasteur
Guadeloupe, allow comparison of spoligotypes of MTB [19].

Microarray-based spoligotyping offers a powerful high-
throughput molecular typing alternative that is suitable for
studying strain diversity in high burden populations and
geographical areas to reveal epidemiological trends [20].

Only a limited number of studies have been conducted in
Tanzania using modern molecular DNA fingerprinting techniques
that are capable of directly tracing TB transmission routes. Infor-
mation on important aspects of TB epidemiology, such as role of
recent transmission in reactivation of latent cases is still lacking.
Available data on the different spoligotype families of MTB strains
in Tanzania are limited, and where available restricted to small
geographical areas [21].

The present study aimed at characterizing the causative agent
from TB patients in Tanga, Tanzania, by using microarray-based
spoligotyping together with conventional (i.e. agarose gel-based)
MIRU-VNTR typing. This is the first study in which a recently
developed microarray-based spoligotyping and MIRU-VNTR are
employed in a high burden country. Findings of this study provide
informative epidemiological data urgently needed for improved TB
control programmes and for prediction of future epidemiological
trends.

2. Materials and methods

2.1. Study population

Eighty MTB isolates collected from 372 new and recurrent TB
patients during a cross-sectional study conducted in Tanga,
Tanzania from November 2012 through January 2013 were eligible
for this study. All patients with clinical signs and symptoms sug-
gestive of TB self-referred to four primary health care facilities were
recruited in the study. The facilities included Bombo Regional
Referral Hospital, Makorora and Ngamiani health centres in Tanga
and Muheza Designated District Hospital (MDDH) in Muheza. A
Map of Tanga indicating the number of isolates from each site is
provided as Supplementary file S1. Demographic information and
data were collected only after provision of informed consent.

2.2. Specimen and data collection

Structured questionnaires were administered to the patients
attending four TB clinics who provided informed consent to the
study. Two sputum samples (one spot during the initial visit to the
clinic and one early morning) were collected into small autoclav-
able wide mouth glass bottles. The specimens were examined by
direct smear microscopy at the respective clinics using either Ziehl
Neelsen (ZN) -stain (at Makorora and Ngamian health centres) or
fluorescence stain (at Bombo referral hospital and MDHH). All
morning sputum samples were then shipped to the mycobacteri-
ology laboratory at the University Hospital Leipzig, Germany, for
culture and molecular analysis.

2.3. Specimen processing and culture

Sputum specimens were digested and decontaminated using N-
acetyl-L-cysteine-sodium hydroxide method [22] and were re-
examined for the presence of acid-fast bacilli (AFB) by fluores-
cence stain in Leipzig. The isolates were cultured in BacT/Alert 3D
liquid culture system (bioMeri�eux, Marcy-l'�Etoile, France) and on
L€owenstein-Jensen and Gottsacker slants (Artelt-ENCLIT GmbH,
Wyhra, Germany). Gottsacker slopes contain sodium pyruvate for
improved isolation yield of Mycobacterium bovis. Cultures were
incubated at 37 �C for up to 8 weeks and confirmed asMTB by using
line probe assay GenoType®MTBC; (Hain Lifescience, Nehren, Ger-
many). Isolates included those from smear and culture positive
patients (n ¼ 54), as well as those from smear-negative but culture
positive patients (n ¼ 26).

2.4. Extraction of genomic DNA from MTB isolates

Mycobacterial cells from positive BacT/Alert bottles and from LJ
and Gottsacker slopes were used for DNA extraction. Bacterial DNA
was extracted from heat-inactivated AFB isolates. Briefly, a loopful
of colony material was placed into a labelled screw-caped eppen-
dorf tube containing 500 ml sterile distilled water or by taking
500 ml from a positive BacT/Alert bottle. Each specimen was incu-
bated on a heat block at 95 �C for 20 min to inactivate the bacteria.
Heat-killed cells were stored at 4 �C until analysis. DNA extraction
was done by using a High Pure PCR Template Preparation Kit (Roche
Diagnostics GmbH, Mannheim, Germany) according to manufac-
turer's instruction. Genomic DNA of the H37Rv strain and sterile
distilled water were used as positive and negative controls,
respectively, for all genotyping procedures.

2.5. Microarray-based spoligotyping

Spoligotyping of the MTB isolates was performed by using the
newly developed microarray-based spoligotyping format of the
Array Strip platform (Alere Technologies GmbH, Jena, Germany)
[20]. Briefly, genomic DNA of MTB isolates was amplified using
polymerase chain reaction (PCR) with the primers DRa (5'-biotin
labelled) and DRb. The PCR products were then hybridized on
Array Strips using hybridization kit (Alere) at 60 �C for 1 h and
washing steps at 55 �C, otherwise following manufacturer's in-
structions. Recording of stained microarrays was done by using an
Array Mate transmission reader (Alere). Signal intensities equal
and higher than 0.3 (on a scale from 0 to 1.0) were considered
positive for the respective probe [20]. The binary code data were
automatically compared with SpolDB4.0 [19] and the updated
version SITVITWEB [23] databases to identify concordant species
and lineages.

2.6. MIRU-VNTR typing

To identify a suitable MIRU-VNTR locus panel for genotyping
MTB isolates in this geographical area, 12 and 15 loci were chosen
for analysing the 80 MTB isolates. MIRU-VNTR typing was
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Table 1
Distribution of MTBC isolate by site.

Site Smear results Case history

smearþ/smear- New/recurrent

Makorora HC 4/1 5/0
Ngamian HC 15/11 20/6
Bombo RH 8/6 14/0
MDDH 27/8 33/2
Total 54/26 72/8

HC; Health centre, RH, referral hospital; MDDH, Muheza Designated District
hospital.
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performed by PCR amplification of the selected MIRU loci using
primers as described in the MIRU-VNTR standard protocol
[16,24,25]. PCR mixture was prepared using the HotStar Taq DNA
polymerase kit (Qiagen, Hilden, Germany). PCR products were
analysed on 1.5% agarose gel against 100bp DNA ladder (PEQ lab
Biotechnolgie GmbH, Erlangen, Germany) in TAE buffer electro-
phoresis for 2 h at 100 constant voltage. The allele calling table
provided in the MIRU-VNTR standard protocol [16] was applied to
assign the number of alleles that correspond to the amplicon's
size.

Results were entered into Ms Excel sheet in a digital format.
MIRU-VNTRplus database (http://www.miru-vntrplus.org/) was
used to identify the MTB strains by similarity search and phyloge-
netic tree, using a categorical coefficient of one and a distance cut-
off of zero. The UPGMA dendrogram was constructed from the
strains genotypes using the online MIRU-VNTRplus database [1].
The MIRU-VNTR allelic diversity (h) at a particular locus was
calculated as follows: h ¼ 1�P

x2i ½n=n�1�, where xi is the
Figure 1. Illustration of Array Strip spoligotyping. A. Presentation of experimental output fr
Positive control Mycobacterium tuberculosis H37Rv strain. C. A nontemplate control (NTC)
reaction vessels that are arranged in strips of 8 and fit into the 96-well microtiter plate for
frequency of the ith allele at the locus and n is the number of iso-
lates [26]. To determine the discriminatory power of the MIRU-
VNTR for this patient population, the HuntereGaston discrimina-
tory index (HGDI) was used [27,28]. The HGDI was calculated using
the following formula:

HGDI ¼ 1� 1
NðN � 1Þ

Xs

j¼1

njðnj� 1Þ

where, D is the numerical index of discrimination, N the total
number of strains in the typing scheme, s is the total number of
different strain types, and nj is the number of strains belonging to
the jth type.

2.7. Major lineages prediction

An online tool for classification and analysis of strains of MTC
(http://tbinsight.cs.rpi.edu/run_tb_lineage.html) was used to
determine the major lineages based on Conformal Bayesian
Network (CBN) [15,29]. To determine the major lineages in our
patient population, we used a combination of spoligotype and 12-
loci of MIRU as a feature in the CBN method, since the complete
data set for the 24 loci of MIRU was not available.

2.8. Ethical consideration

The study was reviewed and approved by the national ethical
review committee with secretariat at the National Institute for
Medical Research (NIMR), Dar es Salaam, Tanzania and provided
with a certificate number NIMR/HQ/R.8a/Vol.IX/1401. All subjects
om Array Strip spoligotyping of Mycobacterium tuberculosis CAS1-KILI patient strain. B.
. The Array Strip platform utilizes 4-by4-mmmicroarrays mounted on the bottom of
mat.

http://www.miru-vntrplus.org/
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Table 2
Most prevalent spoligotype families in Tanga according to the SITVIT_WEB database and their corresponding Major lineages predicted by CBN method.

SIT* SITVIT_WEBy CBNz N(%)x Spoligotype pattern

8 EAI5 Indo-Oceanic 18 (22.5)

21 CAS1_Kili East-African Indian 16 (20.0)

46 ND Euro-American 6 (7.5)

Orphan ND Euro-American 6 (7.5)

53 T1 Euro-American 5 (6.25)

4 ND Euro-American 4 (5.0)

ND, not defined.
* SIT, spoligo-international-type from SITVIT_WEB database.
y Spoligotype families as assigned in the SITVIT_WEB database.
z Major lineage predicted by CBN.
x Number of isolates with common SIT.
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provided informed consent for the collection and study of their
isolates.

3. Results

3.1. Description of the isolates

A total of 80 MTB isolates from 56 male and 24 female TB pa-
tients with a range 10e90 years (median age of 33) from four TB
clinics were included in the study. Seventy-two of the patients were
new cases, eight were recurrent cases; fifty-four of the subjects
were smear-positive cases by direct smear microscopy, while 26
were smear-negative (Table 1). All 80 isolates were genotyped by
microarray-based-spoligotyping and MIRU-VNTR typing.

3.2. Interpretation of the array results

The test results of the respective strains were plotted on a graph
using signal intensity (i.e. presence or absence of a particular
spacer) of each spacer for each particular spoligotype with cut-off
point value of 0.3. The experimental output of the microarray-
based spoligotyping of MTB for the representative predominant
spoligotype lineage (CAS1_KILI) in the study population as well as
the positive and negative controls are shown exemplarily in
Figure 2. Major MTC lineages in Tanga, Tanzania as determined by CBN method. A shows
Figure 1. We also compared the results from genotyping studies
conducted previously in Tanzania using conventional membrane-
based spoligotyping (Table 4).

3.3. Microarray-based spoligotyping results

Among the 80 isolates, the majority of strains belonged to the
EAI and CAS lineages (26.25%, 21 isolates) each, LAM and T lineages
comprised eight (10% each) strains, three (3.75%) were assigned to
MANU lineage, two (2.5%) strains belonged to Beijing genotype and
one (1.25%) strain was assigned to S-type. Sixteen (20%) isolates
were not assigned to any lineage using the SITVIT_WEB database
and were named as “not defined” in this study. The predominant
spoligotype families in Tanga based on SITVIT_WEB database, their
respective major lineages as predicted by CBNmethod are shown in
Table 2, and information of all the 80 isolates is shown in
Supplementary Table S2.

3.4. Major lineages prediction by CBN method

Among the 80 isolates predicted by the CBNmethod, majority of
the strains belonged to the modern lineages, with Euro-American
33 (41.25%) being the most prevalent TB lineage, followed by
East-African Indian 21 (26.25%) and East-Asian (Beijing) 2 (2.5%)
predominant lineages in this geographical area. B shows lineages distribution by site.



Table 3
Proportion of first-line anti-TB drug resistance among different genotypes in Tanga.

SIT* SITVIT_WEBy No.z % Resistance to:

INH RMP SM EMB PZA MDRx

46 ND 6 33.3 33.3 33.3 16.7 33.3 33.3
4 ND 4 50 50 50 50 50
42 LAM9 3 33.3 33.3 33.3 33.3 33.3
356 CAS 2 50 50 50 50

INH, isoniazid; RMP, rifampicin, SM, Streptomycin; EMB, Ethambutol; PZA, Pyr-
azinamide.
ND, not defined.

* SIT from SITVIT_WEB database.
y Representing families annotated in SITIVIT_WEB database.
z Number of isolates.
x MDR, multidrug resistant, represent isolates resistant to at least isoniazid and

rifampicin.
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being the least prevalent. On the other hand 24 (30%) belonged to
the ancestral lineages of the Indo-Oceanic lineage. Results of major
lineages prediction and distribution by site are shown in Figure 2.
Figure 3. This dendrogram was generated by using unweighted pair group method with a
miru-vntrplus.org/). The tree was built on 80 M. tuberculosis clinical isolates from Tanga ba
of MIRU loci is as follows, left to right: 424, 577, 580, 802, 960, 1644, 1955, 2163b, 2165, 24
3.5. Drug resistance profile of the spoligotype families

All isolates were tested for their resistance to rifampicin (RMP),
isoniazid (INH), streptomycin (SM), ethambutol (EMB) and pyr-
azinamide (PZA) by a proportion method using BacT/ALERT 3D
system [biomeri�eux, Marcy-l'�Etoile, France]. Critical concentrations
of 1 mg/ml for RMP, INH, and SM; 2 mg/ml for EMB and 200 mg/ml for
PZA were respectively used as described before [30]. Results
showed that the majority of the genotype families found in this
population were susceptible to first-line anti-TB drugs. One of the
three isolates assigned to LAM9 genotype was found to be a MDR
case, and in additionwas resistant to SM and PZA. Another resistant
isolate was found in one of the two isolates designated to CAS ge-
notype, which was both MDR case and EMB resistant. Other
resistant strains were found among the isolates “not defined” in the
SITVIT_WEB, with four isolates being MDR cases. The proportions
of first-line anti-TB drugs among different genotypes are shown in
Table 3.
rithmetic averages (UPGMA) algorithm in the MIRU-VNTRplus database (http://www.
sed on 15 loci MIRU-VNTR genotypes and Microarray-based spoligotyping. The order
01, 2996, 3192, 3690, 4052 and 4156.

http://www.miru-vntrplus.org/
http://www.miru-vntrplus.org/
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3.6. MIRU-VNTR typing

In order to evaluate and determine the most suitable loci for
genotyping theM. tuberculosis isolates in Tanga, we analysed 12 and
15 loci panels of MIRU-VNTR. The allelic diversity (h) calculated of
80 MTB isolates for specific MIRU-VNTR loci showed a considerable
variation ranging from 0.826 of VNTR locus 3192 to 0.141 of VNTR
locus 2059. The allelic diversity for 11 loci (VNTR 3192, 2996, 2165,
960, 4052, 424, 4156, 2531, 1644, 802 and 3690) exceeded 0.6,
indicating that they are highly discriminating. Seven loci (VNTR
2163b, 2401, 1955, 577, 4348, 2687 and 580) showed moderate
discrimination (0.3� h � 0.6), three loci (VNTR3007, 154 and 2059)
were even less polymorphic (Table 5).

Due to low discriminatory power of the 12-loci MIRU-VNTR set
seen for this patient population, the 15 loci MIRU-VNTR set with the
overall HGDI of 0.9889 and 21.3% clustering rate was deemed
suitable for genotyping MTB isolates in this patient population.

VNTR locus 3192 was the most discriminatory locus with seven
alleles; one to seven repeats of this locus were observed with allele
number three being the most common found in 19 isolates. VNTR
locus 2996 exhibited in eight alleles was the second most
discriminatory locus with allele number one being the most com-
mon found in 21 isolates followed by locus 2165 exhibited in eight
alleles, with allele two being themost common found in 24 isolates.
VNTR locus 960 exhibited in nine alleles, with allele four being
most common, observed in 28 isolates. The least variable locus was
VNTR 580 exhibited in two to five alleles, with allele two being the
most common found in 60 isolates. Other loci with their respective
discriminatory indices are shown in Table 5.

Of the 80M. tuberculosis strains genotyped, a total of 58 different
VNTR genotypes were identified. Of these, 46 (79.3%) were unique
(i.e. only for a single strain) and 34 strains were clustered into 12
(20.7%) clusters of two to six representatives. The largest cluster
observed comprised of six isolates all from the same location
whereas other clusters comprised between two to four strains. The
UPGMA dendrogram was constructed using 15 loci MIRU-VNTR
(Figure 3).
4. Discussion

In the present study, we report an insight into the MTB strains
isolated in Tanga, Tanzania by combining microarray-based spoli-
gotyping and MIRU-VNTR typing method. To the best of our
knowledge, this is the first study on the genetic diversity of MTB in
a high burden setting where the two approaches have been
employed.
Table 4
Comparison of prevalence of MTC families based on microarray-based spoligotyping (thi

Family (Eldholm et al., 2006)* (Kibiki et al., 2007)*

EAI 25 (17.0) 13 (10.0)
CAS 52 (35.4) 49 (37.7)
LAM 33 (22.4) 30 (23.2)
T 21 (14.3) 16 (12.3)
Beijing 7 (4.8) 7 (5.4)
S 3 (2.0) 0
MANU 0 3 (2.3)
X 1 (0.7) 0
Haarlem 0 0
Not defined 5 (3.4) 12 (9.2)
Total 147 130

* Membrane-based spoligotyping.
y Membrane-based spoligotyping and 24 loci typing MIRU-VNTR.
z Microarray-based spoligotyping and 15 loci MIRU-VNTR typing (this study).
The results obtained reveal that the population structure of MTB
isolates in Tanga appears to be heterogeneous, as 18 known spoli-
gotype families based on the SITVIT_WEB database were obtained
from 80 MTB isolates as depicted in Supplementary Table S2.
Similar families have been reported in variable proportions in other
countries bordering Tanzania [31e35], indicating a geographical
widespread of this group of spoligotypes in the region. These
findings are also in agreement with those of other studies con-
ducted in Tanzania which reported the predominance of these
families [21,36,37].

The predominance of the CAS1_KILI in this area and other parts
of the country as previously reported [36] may be enhanced by
virulence, transmissibility and/or specific adaptation to a host
population. Increased reporting of CAS1_KILI strain in Tanzania is,
however, not clear, whether it is a result of chance of this strain to
spread following introduction or is due to its phylogeographical
specificity for Tanzania. Six (37.5%) of the “not defined” isolates in
the SITVIT_WEB had unique patterns and were predominant in
Muheza District and was the most clustered family suggesting a
recent transmission.

Strain families previously reported in Tanzania but not reported
in this study include the Haarlem genotype [21,37] and the X ge-
notypes [21,36e38]. We detected a high proportion of T family
isolates as found in previous studies [21,37]. Furthermore, we
report sub-lineage EAI6_BGD1 which was reported in a recent
study [21] and sub-lineage EAI1_SOM [21,37]. We also report a
relative high proportion of MANU family as compared to those
reported previously [36,37] (Table 4).

The presence of MANU family in this geographical area suggests
the predominance of this family in northern part of the country, as
Tanga lies in the north-eastern corner of Tanzania and the previous
MANU families were detected in Kilimanjaro and Serengeti
ecosystem in northern Tanzania as well [36,37]. The diverse dis-
tribution of strains observed in this and other studies in Tanzania so
far underscore the need to map the distribution of MTC genotypes
in the country.

Generally, the results of major lineages prediction by CBN
method suggest that 70% of TB infections in this geographical area
are due to the modern lineages, whereas 30% of TB infections is due
to the ancestral lineages mainly of Indo-oceanic lineage. This sug-
gests that modernM. tuberculosis strains contribute significantly to
TB infections in Tanga. Modern M. tuberculosis strains represent
epidemic strains that were introduced into the same geographical
regions more recently as a consequence of the world-wide spread
of the tuberculosis epidemic [19]. Over the past decades, Tanzania
has experienced a tremendous improvement in infrastructure
development and expanding local and international trade, which
s study) and in other studies in Tanzania.

(Mfinanga et al., 2014)* (Mbugi et al., 2014)y Present studyz

49 (10.1) 25 (11.7) 21 (26.3)
195 (40.0) 55 (25.7) 21 (26.3)
84 (17.5) 38 (17.8) 8 (10.0)
58 (11.9) 52 (24.3) 8 (10.0)
33 (6.8) 8 (3.7) 2 (2.5)
4 (0.8) 1 (0.5) 1 (1.3)
0 1 (0.5) 3 (3.7)
0 1 (0.5) 0
10 (2.1) 6 (2.8) 0
52 (10.7) 25 (11.7) 16 (20.0)
487 214 80



Table 5
Allelic diversity of 80 MTC strains in Tanga using the 12 and 15 loci panels of MIRU-VNTR.

No. of isolates in respective copy   HGDI 
VNTR locus Alias 1 2 3 4 5 6 7 8 9 10 11 

424 Mtub04 3 34 16 17 9 1      0.729 
577 ETRC 22 7 47 4 0.576 
580 MIRU04  60 4 3 13       0.412 
802 MIRU40 13 5 35 22 2 3 0.709 
960 MIRU10 2 4 18 28 13 2 11 1 1   0.787 
1644 MIRU16 11 6 30 28 4 1 0.719 
1955 Mtub21 4 19 46 7  3  1    0.609 

2163b QUB11b 4 40 29 5 2 0.619 
2165 ETRA 5 24 16 19 3 9 1  3   0.804 
2401 Mtub30 32 37 11 0.615 
2996 MIRU26 21 20 4 4 17 9 4 1    0.813 
3192 MIRU31 2 11 19 17 13 15 3 0.826 
3690 Mtub39  29 28 20 1 1    1  0.692 
4052 QUB26 10 10 36 14 5 5 0.737 
4156 QUB4156 12 32 24 5 7       0.725 
154 MIRU02 6 73 1 0.164 
580 MIRU04  60 4 3 13       0:412 
960 MIRU10 2 4 18 28 13 2 11 1 1 0.787 
1644 MIRU16 11 6 30 28 4 1      0.719 
2059 MIRU20 6 74 0.141 
2531 MIRU23     27 31 8 5  5 4 0.725 
2687 MIRU24 56 24 0.453 
2996 MIRU26 21 20 4 4 17 9 4 1    0.813 
3007 MIRU27 2 6 68 4 0.272 
3192 MIRU31 2 11 19 17 13 15 3     0.826 
4348 MIRU39 7 27 46 0.555 
802 MIRU40 13 5 35 22 2 3      0.709 

HGDI; Hunter-Gaston discriminatory index  

15-loci 

MIRU 

panel 

12-loci 

MIRU 

panel 
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permit movement of people from within and outside the country.
Consequently, this might have played an important role in the
introduction of new M. tuberculosis strains in this region.

Spoligotyping, be it microarray-based or membrane-based, is a
rapid diagnostic method most suitable for studying TB disease in
high burden countries. However, an important component for
technology transfer, especially for resource-poor settings like
Tanzania, will be the cost/output ratio required to introduce a new
technique (microarray-based high-throughput) compared to the
established one (membrane-based low throughput). Microarray-
based method has a potential of: (i) producing results within a sin-
gle working day (high turnaround time), (ii) ease of operation and
use, since no need of handling membrane in a dot blot manifold and
developing a chemi-luminescence film in a darkroom, (ii) data are
automatically processed using an online database, and (iv) relatively
low cost (~5e10 euros per assay). Given its upper hand advantages,
microarray-based method could be used as a relatively inexpensive
“first screen” genotyping of MTC, and still remain an informative
assay that could be suited to resource-poor countries. Moreover,
digital-numerical data output makes it less prone to interpretation
errors, in addition allows easy interpretation of data (Figure 1).

MIRU-VNTR typing has been used in epidemiology studies, and
has shown adequate stability in tracking recent transmission and
distinguishing relapses and reinfections [9]. Different VNTR typing
sets have been used. In the present study, we evaluated a 15 loci
panel for its ability to discriminate the different MTB genotypes in
Tanga. Many loci had high discriminatory index with VNTR locus
3192 being the most discriminatory, while only VNTR locus 580
showed low discriminatory index (h ¼ 0.412) (Table 5).

The high genetic diversity (i.e. HGDI) of 0.989 in this study is
relatively close to those observed in Kawempe, Uganda (0.996) [33]
and in Ndola, Zambia (0.998) [32], which are similar settings in
endemic countries bordering Tanzania, in the north and south,
respectively. The diversity of MTB isolates in Tanga population may
be related to reactivation of latent MTB infection, and/or may be
due to increased human population movement. Consequently, this
may predispose this population to possible introduction of poten-
tially new different strains [39].
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The standard MIRU 15 loci set has been recommended as the
standard for routine molecular epidemiology of TB, including
outbreak investigations and population-based transmission studies
[40]. As shown in this study, the 15 loci panel offers a better
discriminatory power in this patient population. Therefore, we
recommend that this 15 loci panel should be used as a first-line panel
for genotyping MTB isolates in this setting, especially for routine
epidemiological investigation, as it may be more cost effective than
the full set of 24 loci. It should also be noted that not all 24 loci are
required for MTB genotyping in any given situation [16,41], as the
number of loci required depends on the lineage known to be prev-
alent in the investigated area. Furthermore, based on the allelic di-
versity of individual MIRU-VNTR locus, different combinations of
MIRU-VNTR loci offering high resolution and cost effective analyses
for the different MTC lineages need to be sought [41].

However, it is important to note that the accuracy of the
phylogenetic grouping by MIRU-VNTR is more exact than that of
spoligotyping but depends on the number of loci included in the
analysis and classification errors are reduced when analysing 24
loci [42]. Strains with ambiguous spoligotype signatures like the
unknown family isolates in our study belonging to the Euro-
American lineages may require a more discriminatory marker
such as the 24 loci.

The fact, that 26/80 (32.5%) patients were smear-negative sug-
gest that a substantial number of patients may be missed out if we
continue relying on insensitive smear microscopy for TB screening
(Table 1). Establishing culture facilities at least at regional levels
may help detecting such patients. This underscores need to
consider smear-negative patients when conducting future sur-
veillance programmes in the country.

The findings of this study suggest that TB cases in Tanga might
be caused by a diverse array of MTB strains an indication of a
cosmopolitan population with frequent migration and travel.
Furthermore, the dominant genotypes such as CAS1_KILI and EAI5
may have been present in this population for an extended period or
there is an ongoing transmission of closely related strains. Although
these strains are not representative of all strains in these areas, they
provide preliminary insight into the strain diversity of MTB geno-
types in Tanga. The emergence of new subtype strain families
identified may well confirm the dynamic nature of this population.

In conclusion, this study provides a preliminary insight into the
MTB genotypes circulating in Tanga and that microarray-based
spoligotyping and MIRU-VNTR 15 loci panel could be reliable
tools in detecting different genotypes in settings like Tanga. How-
ever, we propose a large sample size with a long recruitment period
for the whole country, in order to provide a detailed population
structure of MTB circulating in Tanzania, and an informative
epidemiological data needed for improved TB control programmes.
We also call for strengthening efforts on early case finding through
enhanced public health education campaigns and provision of
accessible diagnostic services with enhanced treatment compli-
ance in the country.
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