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Abstract | A research study was carried out to investigate the prevalence of bovine tuberculosis (bTB);
detection of Mycobacterium bovis (M. bovis) infection in lactating indigenous cattle/buffaloes raised
on different commercial dairy farms and exposing the hazards linked with milk-born tuberculosis
infection in the area where unpasteurized milk is normally used in the central zone of Khyber
Pakhtunkhwa (KP), Pakistan. A total of 1225 cattle and 1175 buffaloes of more than one year were
studied for the prevalence of bovine tuberculosis. A total of 1608 milk samples (793 from cattle and
815 from buffaloes) were collected from already PPD (purified protein derivatives) tested lactating
animals aseptically. The data obtained were finally analyzed statistically using chi squared test. The
Mycobacterium was identified through ZN staining, culture and PCR. Out of 1608 milk samples, 60
(3.73%) were found positive for acid fast bacteria through ZN staining whereas the prevalence of
Mycobacterium bovis was confirmed in 65 (4.04%) and 85 (5.29%) isolates through culture and PCR
respectively. The zoonotic spread of M. bovis infection was established in the study area. The data
determines that animal food products in Pakistan are common reservoirs of mycobacteria and may
pose great risk to the public. Bovine tuberculosis (bTB) is found one of the neglected zoonotic disease
(NZD) caused by Mycobacterium bovis with public health significance and appear as a life threatening
infection at the human-animal-ecosystem interface in low-resource settings in the central zone of
KP, Pakistan. The surveillance, prevention and control programs of this NZD in the KP province of
Pakistan is necessary because of the continual unrestricted movement of infected animals and the use
of unpasteurized milk which might result in an increased spread of bTB to human population.
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Introduction of TB in human (Olea-Popelka et al., 2017) while
Mycobacterium bovis (M. bovis) causing TB in animals

Tuberculosis (TB) is a chronic infectious disease (Grange, 1998) commonly called bovine tuberculosis
of both human and animals. Mycobacterium (bTB). Bovine tuberculosis is one of the multifaceted,
tuberculosis (M. tuberculosis) is the etiological agent stubborn and debatable problems in front of world
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cattle industry with estimations of huge economic
loses annually (Brooks-Pollock et al., 2014).
Mycobacterium bovis and M. tuberculosis are identical
both genetically and antigenically and cause similar
clinical disease in humans (Danker et al., 1993;
Grange et al.,, 1994). Globally, human tuberculosis
is caused by Mycobacterium tuberculosis and bovine
tuberculosis (bTB) is caused by Mycobacterium bovis.
Bovine tuberculosis is a disease of dairy animals (Jalil
et al., 2003). The diseases that are transmitted from
animals (vertebrates) to humans are called zoonoses.
In human, majority of newly emerging infections are
of zoonotic origin (Quammen, 2012). Most zoonoses
occure during preparation of infected meat and
ingestion or close contact to animals duing hunting,
herding or slaughtering animals (Karesh et al., 2012).
Transmission of Mycobacterium bovis occurs either
inhalation or oral route (Winthrop etal.,2005). All the
developed countries have been succeeded in reducing
the transmission of TB in humans with the help of
proper pasteurization of dairy products and proper
control of bTB infection in bovines (IMichel et al.,
2010; Torgerson and Torgerson, 2008). Although TB
in humans is significant zoonotic-infection reported
globally wherever bTB is widespread and improper
milk pasteurization and other dairy products (Moda
et al., 1996). Still, the significant confirmation of M.
bovis infection in human beings as the etiology of
zoonotic tuberculosis might be took too lightly (Olea-
Popelka et al., 2017). The trials and apprehensions
were found the same as stated 15 years ago as showed
from the findings of a study on global zoonotic
tuberculosis in 2013. In current years, the scientific
consideration and resources assigned to the problems
of human beings infected with M. bovis might not be
related comparatively allocated to other diseases. The
significant reassessment of M. bovis infection in the
human population is mandatory in areas where bTB
is endemic and where human-animal co-habitation
favor the transmission of M. bovis to the people living
around. The movement of infected animals from one
place to another, reinfection from ecological factors/
reservoirs along with poor sensitivity of investigative
tools have considerable role in the transmission of
bovine tuberculosis between-farm and within-farm
(Brooks-Pollock et al., 2014). In view of WHO’s end
TB strategy recommended by the WHO Member
States Health Authorities in 2014 to achieve a
world free of TB by 2035 as nations move towards
identifying around 3 million TB cases expected to
be missed annually. We request all TB stakeholders

to deed to perfectly diagnose and treat M. bovis
infection in human population (Olea-Popelka et al.,
2017). Animals affected by tuberculosis loses their
productive efficacy by 10-25% (Hussain and Rabbani,
2000; Radostits et al., 2000). Quick finding, suitable
treatment and contact location are the key factors
in the control of TB to arrest further transmission
of the infection (Broekmans,1994). In live animals,
usually the bTB infection is detected through
delayed hypersensitivity responses and is identified
on postmortem through necropsy investigation,
histopathology and bacteriology technique (Cegielski
et al., 1997; Filia et al., 2016). As the tuberculosis in
cattle is a universal health issue and eradication of this
deadly zoonotic disease needs exact estimations of
diagnostic-test performance to improve their efficacy
(Nufiez-Garcia et al., 2018; Downs et al., 2019). The
presence of M. bovis in the milk of apparently healthy
milking animals is detected either on the basis of
cultural examination or through molecular diagnostic
procedures (Tipu et al, 2012). Bacteriological
investigation encompass, the presence of acid-fast
bacilli with the help of bacillus-scopy (Quinn et al.,
1994; Monaghan et al.,1994) for apparent verification,
the mycobacterial isolation via culture media with
later identification by cultural and biochemical
tests (OIE, 2009). Although, culture technique is
considered the gold standard however Mycobacteria
is a slow growing and needed much time for its
growth. Tuberculosis can also be detected through
serodiagnosis with several curbs (Daniel, 1990). As
an alternative to these conventional methods, nucleic
acid based techniques are more rapid, sensitive and
specific means of identification of mycobacteria with
some limitations (Bhattacharya et al., 2003; Tipu et
al., 2012). Globally, Pakistan is one of the top 22-
high burden nations (HBC’s), liable on behalf of 80%
of total TB burden and is one of the five countries
responsible for 1/2 of the global TB (IMetzger et al.,
2010). Lots of struggles are required to boost the
detection rate (27%) because the cure rate of TB is
78% being still very low (WHO, 2004). In Pakistan,
bovine tuberculosis threatens large ruminants (cattle
and buffalo) in both public and private sectors (Ali et
al., 2005). The diagnosis of TB at molecular level is
not being used in routine and a few people have done
research on this aspect. The tuberculin sensitivity test
is a diagnostic tool for bovine tuberculosis (Khan et
al., 2008). False positive test result may be caused
by non-tuberculous mycobacteria or previous BCG
vaccine. Prior BCG may result in a false-positive
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result for many years afterwards (Amin et al.,1992;

Chaturvedi and Cockroft, 1992).

'Theprevalenceofbovinetuberculosisinlarge ruminants
in the central zone of Khyber Pakhtunkhwa, Pakistan
has not been documented previously. On the basis of
tuberculin testing, the reported prevalence of bTB
in cattle and buffalo was 5.75 % in district Peshawar
(Irfan et al., 2016). Another study was conducted in
district Peshawar, Khyber Pakhtunkhwa, Pakistan
wherein the Mycobacterium tuberculosis (mTB) and
Mycobacterium bovis (M. bovis)-were detected as 96%
(288/300) and 4% (12/300) respectively in human
sputum samples through PCR showed the presence
of zoonotic tuberculosis in the community (Grange
etal.,, 1994; Irfan et al., 2018). A cross-sectional study
was carried out on large ruminants and detected
the occurrence and link risk factors of bTB through
comparative cervical intradermal tuberculin (CCIT)
test as 5.88% (141/2400) in five districts (Peshawar,
Charsadda, Nowshera, Swabi and Mardan) of Central
zone of Khyber Pakhtunkhwa, Pakistan (Ullah et al.,
2019).

Keeping in view these facts, an attempt was made
to estimate the prevalence of M. bovis infection in
the dairy cattle and buffaloes in the five districts of
Central zone of Khyber Pakhtunkhwa, Pakistan
using PCR and conventional diagnostic methods
(tuberculin testing and culture).

Materials and Methods

Ethical approval
This research study was approved by the Ethical

Review Committee, The University of Agriculture

Peshawar, Khyber Pakhtunkhwa (KPK), Pakistan.

Sampling and methodology

The study was designed to investigate the percent
(%) prevalence and molecular characterization
of Mycobacterium in large ruminants (Cattle and
Buffalo) population in five districts (Peshawar,
Nowshera, Charsadda, Mardan, Swabi) of Central
zone of Khyber Pakhtunkhwa, Pakistan. A total of
2400 animals (1225 cattle and 1175 buffaloes) were
selected randomly from the above study area and were
screened through comparative cervical intradermal
injection of mammalian and avian tuberculin. During
the study, 1608 large ruminants (793 cattle and 815

buffaloes) were found lactating and milk samples were

collected from these lactating cattle and buffaloes
(Kazwala et al.,, 1998, 2001) already tested through
comparative cervical intradermal tuberculin (CCIT)
test for further analysis. About 50ml of milk sample
was collected aseptically in a plastic sterile container
and immediately stored in ice-box and transported to
the laboratory. The samples were then stored at 4-8°C
till further analysis.

Tuberculin testing

All the selected animal tested with comparative
cervical tuberculin (CCIT) test in the cervical region
through proper procedure (OIE, 2009; Monaghan et
al., 1994; Suleiman and Hamid, 2002; Aagaard et al.,
2003; Tipu et al., 2012). Concisely, two sites about
10-12 cm apart of the cervical area were shaved with
a razor and disinfected. The initial thickness of the
skin in these areas were measured by using Vernier
Caliper. A comparative intradermal tuberculin testing
was performed by injecting a measured quantity of
0.1ml (0.5mg/ml) bovine purified protein derivative
(VRI, Lahore) at one location, while the avian PPD
at another location by using insulin syringe. Both the
injection sites were in circled with indelible ink of
different colors. After 72 hours (x6hrs), the thickness
of the skin fold was measured post-inoculation. The
difference between the original skin thickness and the
thickness after injecting tuberculin was calculated. We
classified the avian and mammalian on the basis of
skin thickness as negative and positive. Skin thickness
less than 3mm in diameter mean a negative response,
skin thickness from 3-3.9mm in diameter shows
unsure cases while skin thickness with 4mm or more
than 4mm depict the animal positive for tuberculosis.
Similarly, irrespective of skin thickness, edema and
swelling at injection site was considered positive for
tuberculosis.

DNA extraction and polymerase chain Reaction (PCR)

'The processing of milk samples and DNA isolation
was carried out using QIAMP DNA mini kit USA®
in the biosafety level II in the Department of Animal
Health, The University of Agriculture, Peshawar.
From each sample, 1ml milk was transferred to a
labeled 1.5 ml sterile eppendorf tubes. The cell lysis
solution (300 pl) was added to each sample and
mixed by vortexed for 1 minutes. The sample was
placed in water bath at 65°C for 60 minutes. Protein
precipitation solution (200 pl) was then added to the
sample; mixed by vortexed for 1 minute. Then, the
solution was centrifuged at 13000 rpm for 15 minutes.
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'The supernatant was then shifted to a new labelled
1.5 ml eppendorf tube and the protein pellet was
discarded which was left behind at the bottom. Iso-
propanol-100% (300 ul) was added and centrifuged at
14000 rpm for 15 minutes. This time, the supernatant
was discarded and ethanol-70% (300 pl) was added
to the pellet already settled at the bottom of the
eppendorf tube. Then, the solution was centrifuged
at 14000 rpm for 1 minute for proper concentration
of DNA. Finally, the ethanol was carefully poured
off and the DNA hydration solution (20 pl) was
added and mixed to pellet. The obtained solution
was incubated at 65°C for 5 minutes. The extracted
DNA from each milk samples was analyzed through
agarose gel electrophoresis to confirm the presence of

DNA (Mumtaz et al., 2008; Tipu et al., 2012).

'The PCR protocol as adopted by Romero et al., 1999;
Bhattacharyaetal.,2003; Tipuetal.,2012 wasfollowed
with some modification for molecular identification
of M. bovis in the milk samples. The detection of M.
bovis was carried out by amplification of 500 bp PCR
product with specie-specific primers as MB-Forward:
5 TCGTCCGCTGATGCAAGTGC-3’ and MB-
Reverse: 5-CGTCCGCTGACCTCAAGAAG-3'.

The PCR was optimized and carried out in a
Biorad®T'100™ thermal cycler with 25 pl reaction
volumes for each sample having 1.75 pl of each
torward (F) and reverse (R) primer, 10 pl master
mix(MM), 3.5 pl of DNA sample and 8 pl double
distilled water(DDW)). The protocol for amplification
involved denaturation, annealing, and extension
steps at 95°C for 30sec, 55°C for 30sec and 72°C for
Iminute respectively. All the samples were subjected
to 35 cycles before a final 5 minutes extension at 72°C
and 500 bp amplified products were obtained over
35 cycles. The PCR amplified products were further

confirmed through gel electrophoresis.

Gel electrophoresis

A 100ml 1X TAE buffer was taken in a 100ml flask
and 1.5 gram agarose (BIOLINE) was dissolved by
keeping the flask in microwave oven for lminute
and 30sec. Then, 4ul SYBR® Soft gel stain (Thromo-
Fisher Scientific), which help in visualization of
amplified PCR product, was added to the flask before
pouring into gel tray already fitted with combs. The
combs were then removed when the gel become
solidified and the gel tray was transferred to gel
electrophoresis tray having enough 10X TAE buffer

so that the gel tray dipped. All the PCR-products and
6pul DNA ladder (1000bp) was then loaded into gel-
wells using micropipettes and power supply of 120
volte, 500 m Amp was applied for 35 minutes. Finally,
the gel was visualized with UV illumination and was

photographed (Figure 1).
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Figure 1: PCR result of bovine milk samples showing specie specific
amplicon size of 5006p DNA of Mycobacterium bovis (M.bovis).
S1-4 are M. bovisnegative samples and S5-6 are M. bovispositive
samples.

Conventional methods

All the PCR positive samples were subjected to
screening with conventional methods (Quinn et al.,
1994). These milk samples were smeared for acid
fast staining and also inoculated on Stone brink’s
media and incubated at 37°C for 6-8 weeks. Colony
characteristics and growth were recorded. Smears
were made from cultures and stained by Ziehl Neelsen

(ZN) staining technique (Figure 2).
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Figure 2: Ziehl-Neelsen staining showing acid-fast bacilli from

milk samples.

Comparison of different diagnostic techniques

'The efficacy of tuberculin test, ZN staining, culture
test, and PCR technique for the confirmation of
bovine tuberculosis were recorded and analyzed

(Cegielski et al., 1997) (Figure 3).

Statistical analysis

The data was processed and analyzed statistically
with SPSS (version 24.0) by applying Chi-square
test with 95% confidence intervals and the level of
significance was calculated. The percent prevalence of
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the disease was presented in the form of frequencies
and percentages.
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Figure 3: Efficacy of different diagnostic techniques for the
confirmation of bovine tuberculosis.

Results and Discussion

A total of 2400 large ruminants were selected and
tested for M. bovis infection through comparative
cervical intradermal tuberculin test (CCIT). Out
of 2400 animals tested with CCIT test, 141 were
declared as bovine tuberculosis positive with a total
incidence of 5.88% (95%CI 5.68 to 6.08). District
Mardan had the dominant number while district
Nowshera with the minimum number of CCIT
test reactors. However, the dissimilarity was non-
significant (p=0.669) statistically. Two types of
species were studied i.e; cattle and buftalo. During
the investigation, the prevalence of bTB was recorded
as 6.45% and 5.28% in cattle and buffalo population
respectively. In cattle populations, outcomes of
the CCIT test in five districts of KPK (Table 1)
revealed that the p-value is 0.91 and the result is
not significant at p< 0.05. Similarly, results of CCIT
test in buffalo populations are shown in Table 2 in
five districts of KPK wherein results showed that
p-value is 0.77.The result is not significant at p< 0.05.
Overall, the outcomes revealed that cattle were found
more infected compared to buffaloes. A total of 1608
large ruminants (793 cattle and 815 buffaloes) were
found lactating and milk samples from these PPD
tested lactating animals were collected aseptically. The
Mycobacterium was detected through ZN staining,
culture and PCR. The prevalence of was found 3.73%
for acid fast bacteria through ZN staining while M.
boviswas detected as 4.04% and 5.29% through culture
and PCR respectively wherein chi-square statistic of
the distribution of milk samples and comparison of
different diagnostic techniques for the confirmation
of bovine tuberculosis is 0.176. The p-value is 0.981.
The result is not significant at p < 0.05 (Table 3).

During the investigation, the overall prevalence
of CCIT test reactors for M. bovis infection was
identified 5.28% in buftaloes and 6.45% in cattle
population. A similar study was conducted by Irfan
et al., 2016 and reported the bovine tuberculosis
prevalence in large ruminants as 5.75% which is close
to our results. In another study by Javed et al. (2008),
incidence of bTB was recorded as 8.48% in buffaloes
at animal experimental station, Pakistan, which is also
in-line to our findings. Ghumman et al. (2013) has
stated higher prevalence of bTB as 11.71% in cattle
population at several dairy farms, Punjab Pakistan.
On the other hand, many scientists have documented
slightly lower incidence of bTB in buffaloes such as
3% by Javed et al., 2010,2.2% by Javed et al., 2009 and
1.7% by Ifrahim, 2001 while several researchers have
reported a little greater prevalence in buffaloes such
as 9.6% by Mumtaz et al., 2008, 10.6% by Khan et al.,
2008,11.3% by Javed et al., 2012 and 12.72% by Khan
and Khan, 2007. Animal husbandry and management
practices in all the five districts of Central zone of
Khyber Pakhtunkhwa, Pakistan were similar. Hence,
they did not indicate major dissimilarity (p= 0.669) in
incidence of M. bovisinfection. A study was conducted
by Donnelly and his fellows in 2016 indicated that
effective farm management of bovine tuberculosis
is dependent upon knowing the way of M. bovis
transmission (Donnelly et al., 2016). The relationship
was measured amongst culling and incident rate of
bTB in cattle in three areas of England wherein the
results showed that industry-led culling was found
significantly linked with decrease in incidence rate of
bTB (Downs et al., 2019). The Mycobacterium bovis
infection spread to the human population by the use
of unpasteurized milk reflect the zoonotic importance
of the disease (Arshad et al,2012; Olea-Popelka et al.,
2017).

'The Mycobacterium was detected through Ziehl-
Neelsen (ZN) staining, culture and PCR. 'The
prevalence was found 3.73% for acid fast bacteria by
ZN staining, 4.04% through culture and 5.29% by
PCR. In India, a similar study was carried out and
the prevalence of M. dovis infection was detected
in PPD positive lactating cattle as 32.6% through
PCR (Sreevatsan et al., 2000). The bTB was
diagnosed through PCR on 121 isolates and all were
found positive on PCR with specie-specific 500bp
amplicon size showed 100% association with former
microbiological characterization (Romero et al,
1999; Rodriguez et al., 1995; Figueiredo et al., 2009).
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Table 1: Prevalence of bovine tuberculosis (6TB) in cattle population on the basis of positive tuberculin test in five
administrative units of Central Zone of Khyber Pakhtunkhwa, Pakistan.

S.No Administrative Total no of cattle

Unit screened (IN) N %
1 Peshawar 245 16 6.53
2 Nowshera 245 13 5.31
3 Charsadda 245 17 6.94
4 Mardan 245 18 7.35
5 Swabi 245 15 6.12
Total tested 1225 79 6.45

% Prevalence= (n/N X 100) Confidence

95% confidence level ~Chi-square
Interval Lower Upper
+3.09 3.44 9.62 p=0.91
+2.81 2.50 8.12
+3.18 3.76 10.12
+3.27 4.08 10.62
+3 3.12 9.12
+1.38 5.07 7.83

N: Number of screened animals; n: Number of infected animals for bTB. The p-value is 0.91; The result is not significant at p< 0.05.

Table 2: Prevalence of bovine tuberculosis (6TB) in buffalo population on the basis of positive tuberculin test in five
administrative units of Central Zone of Khyber Pakhtunkhwa, Pakistan.

S.No Administrative  Total no of buffalo % Prevalence= (n/N X 100) Confidence 95% confidence level Chi-
unit screened (N) N % interval Lower Upper square

1 Peshawar 235 15 6.38 +3.12 3.26 9.50 p=0.77

2 Nowshera 235 10 4.26 +2.58 1.68 6.84

3 Charsadda 235 13 5.53 +2.92 2.61 8.45

4 Mardan 235 14 5.96 +3.03 2.93 8.99

5 Swabi 235 10 4.26 +2.58 1.68 6.84

Total tested 1175 62 5.28 +1.28 4.00 6.56

N: Number of screened animals; n: Number of infected animals for 6TB. The p-value is 0.77; The result is not significant at p< 0.05.

Table 3: Distribution of milk samples and comparison of different diagnostic techniques for the confirmation of bovine
tuberculosis in the Central Zone of Khyber, Pakhthunkhwa, Pakistan.

Type of Totalanimals Results of PPD Total milk Result of ziehl-neels- Result of culture Result of PCR  Chi-

animal  screened with samples en staining square
PPD Positive %  collected  pogitive % Positive %  Positive %

Cattle 1225 79 6.45 793 32 4.04 35 441 46 58  p=0.981

Buffalo 1175 62 528 815 28 3.44 30 3.68 39 4.79

Total 2400 141 5.88 1608 60 3.73 65 4.04 85 5.29

The chi-square statistic is 0.176. The p-value is 0.981. The result is not significant at p < .05.

The incidence of bTB was detected through
comparative cervical intradermal tuberculin (CCIT)
test and PCR as 2.0% and 54% respectively (Khan et
al,, 2012) in Lahore, Pakistan. When we compared
the data of the interrelationship of different results it
was concluded that tuberculosis in animal population
was mainly caused by Mycobacterium bovis and was
efficiently detected by the use of PCR technique
as compared to other diagnostic conventional
techniques. This research study specify the intense
need of political/government commitment to
mitigate the impact of bTB on the citizen’s health
by implementing control programs to address this
neglected zoonotic disease (NZD) at the human-
animal-ecosystem interface; also recommend the

necessity for further awareness about zoonotic TB
amongst animal farm workers; and thorough research
of this specific work-related infectious and zoonotic
disease is required in and around the central zone of

Khyber Pakhtunkhwa (KP),Pakistan.

Conclusions and Recommendations

In Pakistan, the nature of bovine tuberculosis is
endemic. Moreover, it can be concluded from the
results of the study that the prevalence of CCIT
test reactors for M. bovis infection was identified
as 6.45% in cattle and 5.28 % in buffalo population
suggesting that cattle are more susceptible to M. bovis
infection than buffalo. Cattles infected with M. bovis
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can excrete the bacillus in their milk. Close contact
of human with animals, drinking raw milk and low
standard of hygienic status in the animal farms are
the some of the main factors that favors the spreading
of bovine tuberculosis. Polymerase chain reaction is
a useful and efficient technique for the detection of
M. bovis in milk samples as compared to conventional
methods. The prevalence was higher in milk samples
hence transmission of bovine tuberculosis to human
occur through raw (unpasteurized) milk.

1. Clinical laboratories for early diagnosis of
Mycobacterium bovis infection in human and
animals should be established throughout the
Khyber Pakhtunkhwa (KP), Pakistan.

2. 'The understanding and extension education
regarding the epidemiology of zoonotic
tuberculosis should be recognised in the whole
province.
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