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Abstract
Introduction: In Nigeria, limited data exist to elucidate the inter-transmission of tuberculosis (TB) between
humans and cattle. The study aimed at determining the circulating spoligotypes of Mycobacterium
tuberculosis complex in cattle and humans, in Maiduguri.

Methods: We conducted a cross sectional study on bovine and human tuberculosis in Maiduguri, Borno
state. We calculated sample size using the method Thrus�eld and Lesions suggestive of TB from 160
slaughtered cattle was obtained from Maiduguri Central Abattoir. Sputum samples from humans; 82
abattoir workers and 147 suspected TB patients from Hospitals/clinics were obtained. Lesions and
sputum samples were cultured for the isolation of Mycobacterium spp. Positive cultures were subjected
to deletion analysis and selected isolates were spoligotyped.

Results: Fifty-two isolates were obtained from cattle. Of these, 26 (50%) belonged to M. tuberculosis
complex (MTC) of which 17/26 (65.4 %) were characterized as M. bovis. In humans, seven of 12 (58.3%)
MTC obtained were characterized as M. tuberculosis. Spoligotyping revealed SB0944 and SB1025 in
cattle, while SIT838, SIT61 of LAM10_CAM and SIT1054, SIT46 of Haarlem (H) families were obtained
from humans.

Conclusions: Our �ndings reiterate the dominance of SB0944 and SB1025 in cattle in Nigeria. We isolated
M. tuberculosis strain of the H family mainly domiciled in Europe from humans. 

Background
Bovine tuberculosis (bTB) is a chronic disease of cattle caused by Mycobacterium bovis. The disease has
a signi�cant impact on the international cattle trade as well as public health(1). In developing countries,
laboratory diagnosis of TB is limited and often stops at the smear microscopy in humans, thus limiting
the estimation of the role of M. bovis in human infection(2, 3). Introduction of DNA �ngerprinting
techniques for M. tuberculosis has largely enhanced the understanding of the transmission of TB(4).
Differentiation of members of M. tuberculosis complex (MTC) is important for the accurate diagnosis of
mycobacterial disease, public health surveillance and appropriate case management(5). The
differentiation of MTC has become particularly important in adult and pediatric patients with human
immunode�ciency virus (HIV)-related immune suppression(5) as well as occupationally exposed
individuals such as abattoir workers. As reported, HIV patients infected with TB due to M. bovis are twice
as more likely to die during treatment than those infected with M. tuberculosis(5).

Globally, some of the available diagnostic tools used in the speciation of MTC are deletion typing and
spoligotyping. Deletion typing is a multiplex PCR technique that differentiates members of the MTC by
the ampli�cation of genomic regions of difference (RD1, RD4, RD9, and RD12) thereby identifying speci�c
strains based on the presence and/or absence of RD-region(6). Spoligotyping is a very practical and
reproducible PCR-based method, which assays the presence or the absence of a set of target sequences
in the direct repeat (DR) locus(7). This technique is based on the ampli�cation of the DR region and
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subsequent differential hybridization of the ampli�ed products with membrane-bound oligonucleotides
complementary to the variable spacer regions localized between the DR’s(8). Strains that are similar or
different can be distinguished by their spoligotype patterns which are characterized by the number and
identity of spacers(8). The presence of the spacer sequences varies in different strains and are visualized
by a spot on a �xed site of the hybridization membrane(7).

There is limited data in most developing countries on the total incidence or prevalence of mycobacterial
disease due to speci�c MTC members(9, 10) as a result of poor accessibility to molecular diagnostic
techniques. In Nigeria, only few studies(11–15) has been conducted to speciate MTC despite the
prevalent risk of inter-transmission between cattle and livestock workers in the country.

Maiduguri is known to domicile many of the cattle slaughtered in Nigeria as supplies of these animals
are made to various parts of the country. It is also characterized by high livestock activities including
slaughter and processing with concomitant human-livestock interactions. Despite the prevalence of bTB,
10.7% in cattle(16) and 0.2% in humans(17); circulating MTC strains among cattle and humans in
Maiduguri are largely unknown. Our hypothesis was; the spoligotypes of MTC circulating in cattle and
humans in Maiduguri is the same with the spoligotypes circulating in other parts of the country. The
study aimed at characterizing MTC isolates from cattle and humans in Maiduguri, to provide important
insights into the epidemiology of bTB in the area.

Materials And Methods

The aim, design and setting of the study
Maiduguri, the capital of Borno State, located in the North East region of Nigeria (Fig. 1). It is the largest
city in Borno State having a population of about 1,112,449 inhabitants(18). The state shares international
borders with Cameroon, Chad and Niger Republic. The major abattoir in the state is located in Maiduguri
where an average of 200 cattle is slaughtered daily. The Maiduguri abattoir is the only abattoir in the
metropolitan and suitable for the study because cattle from all parts of the state and across international
borders (Chad republic, Niger and Cameroon) are brought to the abattoir. Data from the National
Tuberculosis and Leprosy Training Programme indicates that Borno State has 252 Directly Observed
Therapy Shortcourse (DOTS) Centres out of which 54 are domiciled in Maiduguri. Geographical
Positioning System (GPS, GARMIN‘s eTrex Legend personal navigator) was used in determining the
location of the sampled sites; Maiduguri Abattoir (longitude 13.17859OE and latitude 11.858611ON).
Other study sites where sputum samples were collected include; the Chest Clinic, Sir Kashim Ibrahim
Road Maiduguri (longitude 13.14565OE and latitude 11.83814ON); Chest Hospital Ruwan Za�, Maiduguri
(longitude 13.20222OE and latitude 11.85592ON); State Specialist Hospital Maiduguri (longitude
13.15013OE and latitude 11.83939ON); and the University of Maiduguri Teaching Hospital (UMTH) which
is located along Bama road, Costin (Longitude 13.178980E and Latitude 11.82606ON).
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We conducted a cross sectional study of bovine and human tuberculosis. The study aimed at
determining the circulating spoligotypes of Mycobacterium tuberculosis complex in cattle and humans, in
Maiduguri. Our inclusion criteria for the study were all cattle that were taken to the abattoir for slaughter
and indicated tuberculous-like lesions at postmortem while our exclusion criteria were cattle below a year
that were brought to the abattoir for slaughter. For the abattoir workers, our inclusion criteria were all
abattoir workers; staff, butchers, meat sellers at the abattoir that were that were willing and agreed to
participate in the study. At the TB DOTS centres in the hospitals/clinics, our inclusion criteria were
patients suspected to be possibly infected with TB and were requested to submit their sputum sample for
analysis and consented to be part of the study. The entire period of the study was from June 2013 to
September, 2015. All the research assistants in the study were trained in sample collection (lesions from
tissues and organs as well as sputum), to ensure that the sample was collected in the right proportion
and with limited contamination.

Sample collection, transportation and storage
The sample size used for this study was calculated according to the method described by Thrus�eld(19)
based on previously reported prevalence of TB in cattle(2, 20, 21), abattoir workers(13) and hospital-
based study(22, 23). Lesions suggestive of bTB including lungs, liver, spleen, lymph node, kidney, heart,
intestine and diaphragm in slaughtered cattle at Maiduguri Abattoir were purposively collected following
detailed meat inspection over three months. During this period, sensitization campaigns were conducted
among abattoir workers to encourage them to participate in the study. Following due verbal consent
obtained from prospective participants, sputum samples were aseptically collected using properly
labelled sterile plastic specimen containers with top screw caps. From designated hospitals and clinics
for the study, three sputum samples were collected per patient (one spot sample, one-morning sample
and another spot sample, which were pooled together in clean sterile well-labelled plastic containers with
cock screw capss. All sputum samples were collected from the various study sites and stored at the
University of Maiduguri Teaching Hospital. Finally, the samples were packaged with ice packs in Coleman
transport boxes for effective transportation and transported to the Tuberculosis and Brucellosis
Laboratories of the Department of Veterinary Public Health and Preventive Medicine, University of Ibadan,
for processing.

Laboratory Analysis
Cattle lesions and human sputum samples were decontaminated according to earlier described
procedures(24) and cultured on Lowenstein Jensen media with and without pyruvate(25). Positive
cultures with acid-fast bacilli were harvested into a broth of 7H9 Middlebrook medium in microcentrifuge
tubes and stored at -20oC until further molecular analyses.

Mycobacterium genus typing
Heat killed mycobacterial isolates from culture-positive samples were used as DNA template and primers
used are shown in Table 1. DNA ampli�cation was done in a Thermocycler with each reaction mixture
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containing 2 µl DNA template, 5 µl of Q-buffer, 10X Buffer, 25 mM MgCl2, 4 µl ×10 mM dNTPs, 0.5 µl of
each primer (50 pmol/ µl), 0.2 µl HotStarTaq DNA polymerase (Qiagen, Hilden, Germany) was made up to
25 µl with ultra-pure water. The reaction mixture was then heated in a Programme Thermal Controller
(MyGene Series Peltier, Model MG 96+) using the following ampli�cation programs: 95°C for 15 min for
enzyme activation, followed by 45 cycles at 94°C for 1 min for denaturation, 62°C for 1 min for annealing,
and 72°C for 1 min for the extension. After the last cycle, the samples were incubated at 72°C for 10 min.
Thereafter, PCR ampli�cation products were electrophoretically separated (fractionated) in 3.0% agarose
in 1Xtbe pH 8·3 at 6V/cm for 4 hours. A 1.5% agarose gel was prepared and the products were
electrophoresed in 10×TAE running buffer. Ethidium bromide at a ratio of 1:5, 100 bp DNA ladder, and
orange 6x loading dye were used in gel electrophoresis. Finally, bands were visualized on a UV light
cabinet.

Region of Difference (RD) Deletion Typing
The PCR ampli�cation procedures were carried out as earlier described(6). All primers used are indicated
in Table 1. Brie�y, each reaction mixture consisted of 1µl DNA template, 5 µl Q-buffer, 2.5 µl ×10 buffer, 2
µl 25 mM MgCl2, 4 µl ×10 mM dNTPs, 0.5 µl of each primer (50 pmol/ µl), 0.125 µl HotStarTaq plus DNA
polymerase (Qiagen, Hilden, Germany) and was made up to 25 µl with ultra-pure water. The reaction
mixture was then heated in a Programme Thermal Controller (MyGene Series Peltier, Model MG 96+)
using the following ampli�cation procedures: 95°C for 15 min for enzyme activation, followed by 45
cycles at 94°C for 1 min, 62°C for 1 min, and 72°C for 1 min. After the last cycle, the samples were
incubated at 72°C for 10 min. PCR ampli�cation products were electrophoretically fractionated in 3.0%
agarose in 1Xtbe pH 8·3 at 6V/cm for 4 h, and visualized by staining with ethidium bromide. Speci�c
strains were identi�ed based on the presence and/or absence of the genomic regions of difference (RD1,
RD4, RD9, and RD12).
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Table 1
Primers used for genus and deletion typing of mycobacteria isolates from Inqaba Biotech West Africa

Limited, Africa’s Genomic Company
Primer
Name

Primer sequence Product size

MYCGEN-
F

MYCGEN-
R

AGAGGTTGATCCTGGCTCAG TGCACACAGGCCACAAGGGA 1030bp

MYCGEN-
F

MYCAV-R

AGAGGTTGATCCTGGCTCAG ACCAGAAGACATGCGTCTTG 180bp

MYCINT-F

MYCGEN-
R

CCTTTAGGCGCATGTCTTTA

TGCACACAGGCCACAAGGGA

850bp

TB1-F

TB1-R

GAACAATCCGGAGTTGACAA

AGCACGCTGTCAATCATGTA

372bp

RD1 AAGCGGTTGCCGCCGACCGACC

CTGGCTATATTCCTGGGCCCGG GAGGCGATCTGGCGGTTTGGGG

Present
(146bp)

RD4 ATGTGCGAGCTGAGCGATG TGTACTATGCTGACCATGCG
AAAGGAGCACCATCGTCCAC

Present
(172bp)

Absent
(268bp)

RD9 CAAGTTGCCGTTTCGAGCC CAATGTTTGTTGCGCTGC
GCTACCCTCGACCAAGTGTT

Present
(235bp)

Absent
(108bp)

RD12 GGGAGCCCAGCATTTACCTC GTGTTGCGGGAATTACTCGG
AGCAGGAGCGGTTGGATATTC

Present
(369bp)

Absent
(306bp)

Spoligotyping
Spoligotyping was done at the Division of Molecular Biology and Human Genetics, Stellenbosch
University, South Africa. Spoligotyping was performed on isolates identi�ed by deletion typing as
members of MTC as previously described with minor modi�cations(7). The direct repeat (DR) region was
ampli�ed by PCR with oligonucleotide primers derived from the DR sequence. Then, 25µl of the following
reaction was used for the PCR: 12.5 µl of HotStarTag Master Mix (QIAGEN; this solution provided a �nal
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concentration of 1.5 mM MgCl2 and 200 µm each of deoxynucleoside triphosphate), 2 µl of each primer
(20pmol each), 5 µl of the suspension of heat-killed cells (approximately 10 to 50ng) and 3.5 µl of
distilled water. The mixture was heated for 15minutes at 96°C and subjected to 30 cycles of 1 minute at
96°C, 1 minute at 55°C and 30 seconds at 72°C. The ampli�ed product was hybridized to a set of 43
immobilized oligonucleotides, each corresponding to one of the unique spacer DNA sequences within the
DR locus. After hybridization, the membrane was washed twice for 10 minutes in 2⋅ SSPE (1⋅ SSPE is
0.18 M NaCl, 10 mM NaOH2PO4 and 1 mM EDTA {pH 7.7})-0.5 sodium dodecyl sulfate (SDS) at 60°C and
was incubated in 1:4,000-diluted streptavidin-peroxidase conjugate (Boehringer) for 45 to 60minutes at
42°C. The membrane was washed twice for 10minutes in 2 ⋅ SSPE-0.5% SDS at 42°C and rinsed with 2⋅
SSPE for 5 minutes at room temperature. Hybridizing DNA was detected by the enhanced
chemiluminescence method (Amersham) and by exposure to x-ray �lm (Hyper-�lm ECL; Amersham) as
speci�ed by the manufacturer. Patterns were numbered and pre�xed with “NH” if from human isolates
and “N” if isolated from cattle.

The websites, http://www.pasteur-guadeloupe.fr:8081/SITVIT_ONLINE/ and www.mbovis.org were used
in the identi�cation of spoligotypes. Spoligotypes were assigned to families and subfamilies by using the
online tools.

Results
Out of 160 slaughtered cattle with lesions suggestive of bTB (Plate 1 & 2), 52 (32.5%) had culture-positive
growths from which 26 (50%) were con�rmed as belonging to MTC by genus typing (Plate 3). Further
characterization by deletion typing showed that 17 of the 26 (65.4 %) isolates were M. bovis. In humans
(229 sputum samples); 82 fand 147 from abattoir workers and patients from DOTS centres, respectively;
three and nine were found to be members of MTC. Of these 12 MTC from humans, seven were
characterized as M. tuberculosis. Spoligotyping of the selected isolates (n=12) revealed SB0944 (n=6)
and SB1025 (n=2) in cattle while four spoligotypes SIT 838 and SIT 61 of LAM10_CAM as well as SIT
1054 and SIT 46 of Haarlem families were obtained from humans (Table 2).

Table 2

Spoligotypes and the international families of M. bovis and M. tuberculosis isolated from cattle and
humans in Maiduguri

http://www.pasteur-guadeloupe.fr:8081/SITVIT_ONLINE/
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Discussion
The �ndings of this study further reiterate the endemicity of TB in both cattle and humans in Nigeria. The
isolation of 65.4% M. bovis from slaughtered cattle in the study area corroborates earlier �ndings that
indicated M. bovis as the primary agent of bTB in cattle. However, the prevalence reported in this study is
lower than that of Ejeh(26) who identi�ed 90% of the 40 isolates obtained from organs cultured as M.
bovis. It is also lower than 99% M. bovis out of 180 isolates reported by other authors(12). Spoligotyping
of the selected M. bovis isolates revealed the predominance of SB0944 in cattle in the study area.
Spoligotypes SB0944 was also detected in camels a study in the same study area(27) This spoligotype
pattern has been previously reported in cattle from Nigeria(15, 28), Chad, Cameroun(29), Mali(30),
Morocco(31), France(32) and the United States(33). Again, the spoligotype SB1025 isolated in this study
has been previously reported in Nigeria(12). As suggested(34), this spoligotype pattern could be
generated from SB0944 through a single-step deletion of spacers(12) showing that spoligotypes evolve
by the deletion of spacer units only. This further reiterates that SB0944 may represent the spoligotype
pattern of the ancestral strain(12). Importantly, spoligotype patterns SB0944 and SB1025 belong to the
African 1 (Af1) clonal complex characterized by the absence of spacer 30(35) which is also known to be
widely distributed in West Africa.

Considering the zoonotic nature of M. bovis, spoligotype SB0944 had been previously isolated from
infected sedentary and trade cattle in Ibadan(28) and from livestock traders at Akinyele Cattle Market in
Ibadan(13). This indicates potential exposure of abattoir workers given prevailing factors that could
enhance transmissions such as drinking of unpasteurized milk, processing infected carcasses with bare
hands and unguarded close interactions with infected cattle.

Notably, the study also reported M. tuberculosis strains belonging to spoligotypes SIT 838 and 61 both of
the international family LAM10_CAM. Earlier reports have identi�ed LAM10_CAM in humans in
Nigeria(14, 28, 36–38) and other countries in Africa including Cameroon(39), Burkina Faso(40), Sierra
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Leone(41), Niger and Ivory Coast and parts of Europe(32). Previous reports showed the LAM10-CAM
family as the most predominant circulating clade in Nigeria(14, 36–38, 42, 43) The LAM10-CAM was �rst
described in Cameroon, where it represented 34% of the M. tuberculosis isolates in 2003(39) and has
recently emerged as a dominant strain in the western province of Cameroon. Importantly, a study
demonstrated LAM 10 as part of spoligotype families including LAM 1 and Beijing families which had the
highest sensitivities when compared with isolates belonging to other spoligotype families; suggesting
their highly clonal and homogeneous nature(44).

Again, the study reveals two isolates with spoligotypes SIT 1054 and SIT 46 belonging to the Haarlem
family. Other studies also reported this spoligotype family within and outside Nigeria(14, 44, 45). The
Haarlem family is considered to belong to modern strains which are known to demonstrate more virulent
phenotypes compared to the ancient ones such as the East African and Indian(46). Further, reports show
that the Haarlem family, of European origin, comprises nearly a quarter of the M. tuberculosis population
in Europe, and that it also accounts for a similar proportion of strains in the Caribbean and Central
America(47, 48). The Haarlem family in these regions is believed to represent a remnant of the post-
Columbian European colonization(48, 49) Besides, the Haarlem strains have been associated with
multidrug resistance (MDR)-TB population, indicating its ability to cause outbreaks of MDR-TB, following
reports from Argentina(50), the Czech Republic(51) and Tunisia(52). The association between drug
resistance (DR) and the Haarlem family has also been observed in other studies including MDR-TB cases
in Tehran, Iran(53), and DR-TB cases in Hungary(54); where the rates of infection by the Haarlem
genotype were 33.5% and 66.2%, respectively(54, 55).

Limitations of the study were; the abattoir workers were not randomly sampled, sampling was done
purposively based on the participants’ verbal consent after explaining to them the relevance of the study.
Also, sputum samples collected from hospitals/clinics were based on those patients that were likely to be
TB positive. This method of sampling may not be generalized, however, the sole purpose of the study was
to generate the circulating spoligotypes in the area and the best population for such study is for those
participants that were at high risk of being infected with the disease or those that were already indicating
the clinical sign of infection. Few isolates were available for spoligotyping due to limited funds. Also,
more detailed insights would have been provided if the majority of the isolates obtained were
spoligotyped. Furthermore, characterization using such molecular techniques as Mycobacterial
Interspersed Repetitive Units-Variable Number Tandem Repeats was not done, as this would have given
better epidemiological insights into the circulating strains. It is now common knowledge that
spoligotyping has limitations as a tool for the prediction of the exact phylogenetic relationships between
strains of the MTC, particularly among modern strains mainly due to homoplasy(47).

Despite these limitations, however, the study reveals SB0944 and SB1025 as the circulating M. bovis
strains in cattle and LAM 10 and Haarlem families as the circulating M. tuberculosis strains among
humans in Maiduguri, Borno State, Nigeria.

Conclusions
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In conclusion, study reveals SB0944 and SB1025 as the circulating M. bovis strains in cattle and LAM 10
and Haarlem families as the circulating M. tuberculosis strains among humans in Maiduguri, Borno
State, Nigeria. Our �ndings further reiterate the endemicity of TB in both human and cattle populations in
Maiduguri. This, therefore, calls for the need to step up control measures considering the prevailing risks
for inter-transmission of TB at the human-cattle interface in the study area and Nigeria as a whole.
Finally, we advocate for more extensive epidemiological studies to provide more in-depth insights into the
circulating strains MTC among cattle and humans in Nigeria.
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Figures

Figure 1

Map of Nigeria indicating Borno State (blue) and Map of Borno State showing Maiduguri (blue), the study
area
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Figure 2

Plate 1: Tuberculous lesions on liver (1), lungs (2) and heart (3)

Figure 3

Plate 2 Tuberculous lesions indicated by white arrows on the diaphragm (1), liver (2), stomach (3) and
chest cavity (4) observed in Maiduguri abattoir
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Figure 4

Plate 3: Electrophoretic fractionation of PCR products in 1.5% agar rose from the genus typing of the
isolates, Lanes 1-9 and 11-19: M. tuberculosis complex; Lanes 10 & 20: Non-mycobacteria species, Lane
21: H37Rv: Lane M: molecular weight marker (100 bp) ladder
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