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Tuberculosis (TB) in humans is primarily caused by Mycobacterium tuberculosis (M. tuberculosis), with millions of
infections and hundreds of thousands of deaths worldwide. It creates a substantial economic burden on the
Cattle community. Unlike M. tuberculosis, Mycobacterium bovis infects cattle and causes bovine TB, also known as
Human zoonotic TB. People can contract zoonotic TB after consumption of unpasteurized dairy products, handling the
sick animals, and via occupational exposures. The association between the zoonotic TB in humans and cattle is
not well known in Nepal. The study examined the associated risk factors, including exposure to infected cattle,
that contribute to TB's development in human beings in Nepal.

The study consists of human and animal subjects. Firstly, a retrospective matched case-control study was
conducted at the National Tuberculosis Center (NTC), Bhaktapur, Nepal. A total of 290 people (equal numbers of
TB cases and control subjects) were interviewed to obtain information on socio-demographic, behavioral, and
occupational risks, including the history of cattle related exposures. Secondly, a cross-sectional study was per-
formed among the cattle owned by the TB-confirmed patients. Comparative tuberculin skin test, rapid antibody
test, and ELISA were used in parallel to detect M. bovis infection in cattle.

The risk factors for the development of TB in humans were smokers (OR = 4.6, 95% CL 2.1-10.0,
p < 0.001), previous history of TB (OR = 7.9, 95% CI: 3.0-20.6, p < 0.001) and history of cattle exposures
(OR = 3.9, 95% CI: 2.1-7.4, p = 0.001). Out of 123 cattle sampled, 12 cattle (9.76%, 95% CI: 5.37-16.76,
p < 0.0001) were positive by the tuberculin test, 46 (37.4%, 95% CI: 28.97-46.62, p = 0.007) were tested
positive by the rapid test, and 7 (5.7%, 95% CI: 2.52-11.80, p < 0.0001) by ELISA test. The inter-test
agreement between the tuberculin and ELISA was very strong (k = 0.72, 95% CI: 0.48-0.95,p < 0.01).

This study indicates that exposure to infected cattle and socio-demographic risk factors can contribute to the
development of TB in human beings.

Risk factors

1. Introduction

Tuberculosis (TB) in humans is mainly caused by Mycobacterium
tuberculosis, a member of the Mycobacterium tuberculosis complex
(MTBC) bacteria, which has a global importance [1,2]. It is estimated
that approximately 10 million people fall ill with TB worldwide an-
nually, and the disease is one of the top ten lethal diseases in the human
population [3]. The annual economic burden of TB is estimated at over
$12 billion [4].

In Nepal, TB remains a major public health problem. Approximately
117,000 people lived with TB in 2019. The prevalence and incidence of

TB in Nepal was estimated as 416 per 100,000 population and 245 per
100,000 person-years, respectively [5]. As per the Global TB report
2019, as many as 7000 people die annually from TB in Nepal. Nu-
merous studies identified sociodemographic, environmental, and be-
havioral risk factors such as age, sex, occupations, indoor air pollutions,
smoking, and alcohol consumption [6-12] as being associated with the
development of TB in humans.

Additionally, cattle-related exposures could be a potential risk
factor associated with TB in human beings [13-15]. When the cattle
become infected with M. bovis, another member of the MTB complex,
develops TB known as Bovine tuberculosis (bovine TB). The bovine TB,
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also known as zoonotic TB, transmitted to human beings mainly
through the consumption of unprocessed dairy products, occupational
exposure to livestock, and less commonly through the ingestion of
untreated meat products [16]. The overall proportion of zoonotic TB
infections among humans globally has been underestimated in devel-
oping countries like Nepal, due to the lack of information among public
health officials [17-21]. Zoonotic TB accounted for an estimated
147,000 new human cases and 12,500 deaths globally in 2016 [22]. It
was estimated that between 0.4% and 10% of TB cases in Africa are
zoonotic [23,24].

There are few studies on bovine TB in animal health, information on
the disease in humans in Nepal is almost absent. For instance, Jha et al.
[25] isolated M. bovis strains in Kathmandu and Kaski from limited
cattle and buffalos' samples in 2007. A cross-sectional study conducted
by Pandey et al. [26] in Chitwan reported the prevalence of bovine TB
was up to 15% in 100 cattle sampled. However, due to the lack of a
coordinated national surveillance program on bovine TB in human
health and animal health services, the exact prevalence of bovine TB is
unknown either in human or animal populations. More importantly,
there is no provision of differentiating the TB in humans, either that is
caused by M. tuberculosis or M. bovis (personal communication with the
director of National TB Center, Nepal) [27]. It is a challenging issue
because the physician develops almost the same treatment plans for
both types of TB, even though, M. bovis is naturally resistant to pyr-
azinamide, one of the four medications used in the standard first-line
anti-tuberculosis treatment regimen. It is a big gap behind the patient's
effective treatment and timely recovery [28].

A multisector collaboration among the World Health Organization
(WHO), World Organization for Animal Health (OIE), Food and
Agriculture Organization (FAO) and the International Union Against
Tuberculosis and Lung Disease (The Union) had launched a road map of
zoonotic tuberculosis in 2017 [22]. The road map focuses on the
priorities of increasing the scientific evidence by collecting complete
and accurate data, reduce the transmission of zoonotic TB at the animal
and human interface that ensure the food safety through collaborative
engagements [29]. In 2014, WHO launched the End TB strategy and it
is expected that the world would be free of TB by 2035 [30].

This research attempts to explore potential sociodemographic, be-
havioral, and environmental risk factors such as age, gender, level of
education, occupations, smoking habits, and animal-associated risk
factors such as exposure with diseased cattle, consumption of raw dairy
products related to TB in humans. It also attempts to link the bovine TB
in cattle with TB in people by estimating the prevalence of bovine TB in
cattle owned by the TB patients in Kathmandu Valley (consisting of
Kathmandu, Bhaktapur, Lalitpur) and Kavre district. Our study can be
an example of a One Health approach linking zoonotic disease with
public health and finding common ground for the solutions.

2. Methods
2.1. Study site

The study was conducted at the National Tuberculosis Center (NTC),
Bhaktapur district and cattle farms of Kathmandu valley (Kathmandu,
Bhaktapur and Lalitpur) and Kavre district of Nepal (Fig. 1). The
Kathmandu valley was selected as the study site because it constituted
more than 2.5 million people and contained Nepal's capital city [31].
Kavre is an adjacent district to Kathmandu with many livestock, such as
cattle and buffaloes [32].

2.2. Study design

The study is based on the One Health approach that has mainly the
following components: i) the human subjects and their socio-demo-
graphic information, ii) animal subjects, and their farm management
system. The human part involves a retrospective case-control study, and
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the cattle component consists of a cross-sectional study nested within
the human element. In the case-control study, the cases were TB pa-
tients receiving or had received treatment at the National Tuberculosis
Center (NTC) during January 2018 and December 2019. Since NTC
receives the TB referral cases from all over the country, the cases re-
present the general population. The controls selected were relatives of
non-TB patients matched with on average of 15-year band, and residing
to the same local unit within the district with the cases [7,12]. The
respondents were not matched with sex as it may be the potential risk
factors and may confound other variables. The non-TB patients were
confirmed negative to TB at the National Tuberculosis Center, Bhak-
tapur, Nepal.

The demographic, socio-economic, behavioral, and occupational
information of all the respondents was collected using paper-based
questionnaires at NTC. The survey was initially designed in English and
later translated to Nepali (S1 file). It was pretested with a small group of
suspected TB patients at Kalimati Chest Hospital, Kathmandu. The re-
sponse rate and clarity of the questions were assessed to refine the
survey questions. A sample of 5-10 responses were obtained, coded,
and analyzed. Items that did not provide useful data were discarded,
and the questionnaire was revised to give a final structure. However, no
physical samples were collected from TB patients.

2.2.1. Sampling and sample size calculation for human subjects

The sample size was calculated using online epidemiological soft-
ware (Open Epi 3.01) based on 80% power of detecting a difference, the
hypothetical proportion of controls with exposure at 40%, and keeping
equal ratio (1:1) of case and controls. It produced 290 samples with 145
cases and 145 control subjects altogether.

2.2.2. Selection of the risk factors

The risk factors were categorized under the broad categories of
demographic (ethnicities, joint or nuclear family, family size, urban or
rural residence, type of district located), socioeconomic status (occu-
pations, education level), and behavioral health-related factors (habit
of alcohol consumption, previous TB history, raw dairy products con-
sumptions) [7,15,33]. The variables such as having cattle at home,
contact with neighbor's cows, work at the cattle farm, and consumption
of unpasteurized dairy products were highly associated. These variables
were merged to a single risk factor mentioned as “joint cattle exposure
status.”

2.2.3. Animal component and sampling process

We visited the houses of every human case interviewed at the NTC,
to assess the cattle exposures around their area. Simultaneously, we
performed skin testing and blood collection form the cattle owned by
them. If we did not see any cows at their homes, we selected the nearest
cattle farms from their homes. We consider 500 m as the cut off for “one
village management unit” where people generally walk freely and reach
house of one another within this area. We tried to choose one cattle
farm on average for one village management unit such that altogether it
produced at least 145 cattle farms. But some of the cases and control
residence overlapped within 500-meter distance; and some of the farm
owners were not at home, resulting in only 123 cattle farm selection. In
total, we were able to perform skin testing and blood collection on 123
cattle.

2.2.4. Single intradermal comparative tuberculin test (SICTT)

This method required avian and bovine TB antigens in separate vials
of 2000 IU each. Two injection sites on the neck of cattle, at a distance
of twelve cm from another, were prepared by clipping and cleaning the
skin. 0.2 ml of bovine and avian tuberculin were injected intradermally
with the help of a registered veterinarian. The Vernier caliper was used
to measure the initial thickness of cattle's skin at the tuberculin injec-
tion site. And at the same time, 10 ml of blood was collected from the
animals for further blood-based assay. The tuberculin injections sites
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B stuady Districts

Fig. 1. A map of Nepal with districts selected for the study.

were read after 72 h to measure the increase in skin thickness at in-
jections locations. Any increase in skin thickness between the avian and
the bovine tuberculin =4 mm was considered positive, < 4 mm to >
2 mm was deemed inconclusive, and < 2 mm was considered negative
[34,35].

2.2.5. Laboratory testing of samples

The Whole blood samples collected from each cattle were trans-
ported to Central Veterinary Laboratory (CVL), Kathmandu, by main-
taining a cold chain for further laboratory testing. Firstly, sera were
separated from the whole blood and tested against the bovine TB with a
commercially available rapid test kit supplied from Bionote, Inc.
(Animal Genetics, Inc., Korea). The result was interpreted after 20 min.
Next, the serum samples, including the positives at rapid test, were
subjected to M. bovis antibody ELISA (IDEXX Laboratories, Inc. The
Netherlands) at CVL to detect bovine TB antibodies in them.

2.2.6. Ethical approval

Ethical statements for human and animal subjects were approved by
the Nepal Health Research Council (NHRC), Nepal (Ref. No 703/2018),
and Nepal Veterinary Council (NVC) Ref. No 246,/2018, respectively.
Written consent of each human patient and the cattle owner were ob-
tained before the interview. Two experienced veterinarians handled the
animals for the skin test and blood collection.

2.2.7. Statistical analysis

The data collected from the questionnaire were recorded in a
spreadsheet and cleaned for the final analysis. The descriptive analysis
was performed using R Studio Version 1.2.52019. Subsequently, the
data were analyzed using the conditional logistic regression by clogit
function in STATA 14.2.

Initially, a descriptive study of the sociodemographic factors such as
age, sex, education level, occupation, ethnicity, family type, and habit
of dairy product consumption was performed (Table 1). The potential
confounding effects of the variables such as age, sex, BCG vaccination
history, smoking, and alcohol consumption habits were checked with
the changes in the point estimates of the variables that remain in the
model [36,37]. Any changes in the coefficient with > 20% were

included in the final model.

Next, the univariable conditional logistic regression analysis was
performed to compare the cases and controls separately to the outcome.
The Chi-square tests were used to identify associations between vari-
ables. The associated variables with p-values <0.2 at univariable ana-
lysis including the potential confounders, were selected for the final
multivariable conditional logistic regression model.

For the cattle data, the study was performed with variables related
to animal characteristics and their relations to estimated prevalence
against the parallel testing of tuberculin, rapid test, and ELISA. The
inter-test agreements among the tuberculin, rapid diagnostic test, and
indirect ELISA were calculated by Kappa statistic [36,38].

3. Results

The descriptive analysis showed that the mean age of people in-
terviewed was 37.27 (95% CI: 35.3, 39.3) years. The proportion of fe-
male and male subjects in the study was 0.44 (129/290) and 0.56 (161/
190). The percent of cases selected in females and males, were 42.1%
(61/145) and 57.93% (84/145).

Of the total TB case interviewed, 26.2% (38/145) were the illiterate
people, 11.0% (16/145) of the people were literate without a formal
education, and 69.2% (91/145) of the people were educated with at
least primary level education (Table no 1). Among the different occu-
pation brackets, students (35/145; 24.1%), farmers (21/145; 14.5%)
and housewives (19/145;13.1%) had a higher proportion of TB than
other professions. TB patients interviewed belonged to major ethnic
communities such as Janajati (98/145; 67.59%), Chettri (18/
145;12.41%), Bhramin (17/145; 11.72%), Dalit (7/145; 4.8%) and
others (5/145; 3.4%). Most of the cases (104/145; 71.72%) were from
urban settings such as big cities of the Kathmandu valley, and the re-
maining cases were from the rural area of Kavre district (41/
145;28.3%). Although, 40.69% (59/145) of the cases mentioned that
they had their BCG vaccination, the remaining of cases either did not
have or could not remember their vaccination status. More than half of
the cases (9/145,54.5%) mentioned, that they had 4 to 6 members their
family.

Some, 35.9% (52/145) of the cases had a smoking habit, while
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Table 1
Socio-demographic and behavioral distribution of the humans with and without
TB disease at Kathmandu valley and Kavre district in Nepal.

Determinants Total Cases Controls
(N = 290) (n = 145) (n = 145)
n (%) n (%) n (%)
Age category (Mean
age = 37.27 years)
1-15 11 (3.8) 6 (4.1) 5(3.4)
16-30 5127 (43.8) 70 (48.3) 57(39.3)
31-45 64 (22.1) 25 (17.2) 39 (26.9)
46-60 53 (18.3) 21 (14.5) 32 (22.1)
61-75 26 (9.0) 18 (12.4) 8 (5.5)
>75 9@3.1) 5(3.4) 4(2.8)
Sex
Female 129 (44.5) 61 (42.1) 68 (46.9)
Male 161 (55.5) 84 (57.9) 77 (53.1)
Education level
Illiterate 74 (25.5) 38 (26.2) 36 (24.8)
Literate (without formal 36 (12.4) 16 (11.0) 20 (13.8)
education)
Primary level 59 (20.3) 32 (22.1) 27 (18.6)
Secondary level 54 (18.6) 23 (15.9) 31 (21.4)
Higher Secondary (+2) 31 (10.7) 14 (9.7) 17 (11.7)
University 36 (12.4) 22 (15.2) 14 (9.7)
Occupation
Housewives 65 (22.4) 19 (13.1) 46 (31.7)
Farmer 43 (14.8) 21(14.5) 22 (15.2)
Business 22 (7.6) 11 (7.6) 11 (7.6)
Student 54 (18.6) 35 (24.1) 19 (13.1)
Others (drivers, labors, service 106 (36.6) 59 (40.7) 47 (32.4)
people)
Ethnicity
Janajati 203(70.0) 98 (67.6) 105 (72.4)
Bhramin 39 (13.4) 17 (11.7) 22 (15.2)
Chettri 29 (10.0) 18 (12.4) 11 (7.6)
Dalit 12 (4.1) 7 (4.8) 5(3.4)
Others 7 (2.4) 5(3.4) 2014
Residence
Rural 90 (31.0) 41(28.3) 49 (33.8)
Urban 200 (69.0) 104 (71.7) 96 (66.2)
BCG vaccination history
Yes 111(38.3) 59 (40.7) 52 (35.9)
No 72 (24.8) 37 (22.5) 35 (24.1)
Don't remember 107 (36.9) 49 (33.8) 58 (40.0)
Family type
Joint 132 (45.5) 61(42.1) 71 (49.0)
Nuclear 158 (54.5) 84 (57.9) 74 (51.0)
Family size
1-3 62 (21.4) 36 (24.8) 26 (17.9)
4-6 162 (55.9) 79 (54.5) 83 (57.2)
7-9 66 (22.8) 30 (20.7) 36 (24.8)
Smoking habit before
Yes 75 (25.9) 52 (35.9) 23 (15.9)
No 215 (74.1) 93 (64.1) 122 (84.1)
Alcohol consumption habit
before
Yes 86 (29.7) 48 (33.1) 38 (26.2)
No 204 (70.3) 97 (66.9) 107 (73.8)
Previous TB History
Yes 46 (15.9) 39 (26.9) 7 (4.8)
No 244 (84.1) 106 (73.1) 138 (95.2)
Contact with cattle or
unpasteurized dairy product
consumption
Yes 156 (53.8) 93(64.1) 63 (43.4)
No 134 (46.2) 52(35.9) 82 (56.6)
Locations
Kathmandu 113 (39.0) 61 (42.1) 52 (35.9)
Bhaktapur 96 (33.1) 49 (33.8) 47 (32.4)
Lalitpur 44 (15.2) 21 (14.5) 23 (15.9)
Kavre 37 (12.8) 14 (9.7) 23 (15.9)
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33.10% (48/145) of them had habit of alcohol consumption. Of the
total cases, 26.9% (39/145) mentioned that they had previously con-
tracted TB. Interestingly, 64.1% (93/145) of the cases had a recent
history of cattle-related exposures, such as handling the sick cattle and
consuming unpasteurized dairy products.

The initial screening of variables identified, such as age, sex, oc-
cupations, and habit of drinking alcohol as the confounders, and they
were retained in the final multivariable model, even though they were
not significant at the univariable conditional logistic regression ana-
lysis.

Final multivariable conditional logistic regression analysis indicated
that people with smoking habits (OR = 4.6, 95% CI. 2.1, 10.0,
p < 0.001) had four-fold odds of developing TB than people who did
not smoke. People who had previous TB history were almost eight times
(OR = 7.9,95% CI: 3.0, 20.6,p < 0.001) at risk of contracting TB than
those with no prior TB history. Importantly, the people who had prior
repeated contact with the sick cattle and consumption of unpasteurized
dairy products had higher odds (OR = 3.9, 95% CL: 2.1, 7.4,
p < 0.001) of developing TB compared to those who had no history of
cattle exposure (Table 2).

Of 123 cattle, tested against bovine TB by the comparative tu-
berculin test, 12 (9.76%, 95% CI: 5.37-16.76,p < 0.0001) of the cattle
were deemed positive or reactive (Table 3). The distribution of the
positive case based on various animal characteristics are depicted as
following (Table 3).

Out of total 123 cattle serum samples, tested by rapid test methods
and ELISA, 46 (37.4%, 95% CI: 28.97-46.62, p = 0.007) and 7 (5.7%,
95% CI: 2.52-11.80, p < 0.0001) of the samples showed positive re-
sults respectively (Table 4). The detail animal characteristics and pro-
duction systems with the seropositive cattle were mentioned as follows
(Table 4).

3.1. Inter-test Agreement among tuberculin test, rapid test and indirect
ELISA

There is a fair kappa agreement between the two tests: the tu-
berculin test and rapid test (k = 0.32, 95%CI: 16-0.45, p < 0.001).
While, there is only a slight kappa agreement between the rapid test
and ELISA (x = 0.18, 95%CI: 0.06-0.31, p = 0.003). However, there is
a substantial agreement between the tuberculin tests and ELISA test
(x = 0.72, 95% CI: 0.48-0.95, p < 0.01), which indicates substantial
agreement between these two tests [36,38].

4. Discussion

The people who used to smoke had four-fold odds of developing TB
compared to those who never smoked. This finding was supported by
many systematic reviews, meta-analysis, and the original research ar-
ticles. [11,39-42].

The people who had previous TB history, were significantly eight
times more likely to develop TB again in life compared to those who
had no prior history of TB. The finding was consistent with the study by
Kapoor et al. [43] and Marahatta [42], who mentioned that people with
previous TB had chances of recurrent episodes.

More importantly, those who had either a history of exposure to sick
cattle or consumption of raw dairy products or cattle-rearing at their
homes were four folds more likely to develop TB than those who had no
history of cattle exposures. Case-control studies in Ethiopia by Fetene
et al. [13] and Mengistu et al. [14] found a strong positive association
(OR = 3.23, P < 0.001,) and (OR = 8.32, 95% CI; 2.82-24.60) be-
tween exposure to bovine TB and TB disease in humans respectively.

The findings support a meta-analysis of Muller et al. [17] who
suggested that more than 2% of human TB cases worldwide could be
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Table 2
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Results of multivariable analysis of the socio-economic and behavioral habit tested for association with development of TB among humans at Kathmandu valley and

Kavre district in Nepal.

Determinants Case (n = 145) Control (n = 145) adjusted OR 95% CI P value

Smoking habit
Yes 52 23 4.6 (2.1, 10.0) < 0.001*
No 93 122

Previous TB history
Yes 39 7 7.9 (3.0, 20.6) < 0.001*
No 106 138

Contact with sick cattle or consumption of raw dairy products
Yes 93 63 3.9 (21,7.4) < 0.001*
No 52 82

Table 3 Table 4

Cattle characteristics and bovine TB status according to tuberculin testing at
Kathmandu valley and Kavre district in Nepal.

Cattle characteristics and bovine TB status according to Rapid test and ELISA
Test at Kathmandu valley and Kavre district in Nepal.

Determinants Classification of TB status by tuberculin test
Positive Inconclusive Negative Total no cattle
(n =12), (n =11), (n = 100), tested
(= 4 mm) (> 2 mm (< 2 mm) (N = 123)
and < 4 mm)
Age category
13 3 3 29 35
4.6 5 6 42 53
79 4 2 29 35
Herd_size
<5 2 5 37 44
510 6 2 26 34
1115 0 2 15 17
> 15 4 2 22 28
Body condition
Good 2 1 10 13
Medium 6 6 69 81
Poor 4 4 21 29
Husbandry
practice
Intensive or 10 9 84 103
stall fed
Semi- 2 2 16 20
intensive
or mixed
1Breed
Holstein 2 1 23 26
cross
Jersey cross 8 6 62 76
Local 2 4 15 21
Coughing
history
Yes 7 5 31 43
No 5 6 69 80
Animal Origin
Home breed 4 4 30 38
Imported 8 7 70 85
Grand Total 12 11 100 123

attributed to zoonotic tuberculosis, with higher levels in developing
countries. In Asia, around 94% of the people live in countries where
bovine TB control programs in cattle and buffalo are almost absent
[19]. Our study outcome is in line with several other studies that
mentioned that consumption of unpasteurized dairy products and
people involved in infected cattle rearing could be one of the most
important risk factors for humans to develop bovine TB (zoonotic TB)
[21,44,45].

Finally, our study depicts as high as 9.8, and 5.7 percentage of cattle
tested positive by tuberculin tests and ELISA, respectively of the cattle
owned by the family of TB infected persons. Also, there is good
agreement between the tuberculin and ELISA but poor agreement with
the rapid tests. If we could incorporate more standard diagnostic tests

Determinants Classification status by

rapid test

Classification status by
ELISA test

Total Cattle Tested
(N) = 123

Positive = 46 (37.4%) Positive = 7 (5.7%)

Age category (years)

13 8 (6.5) 1 (0.81)

4.6 21 (17.07) 2(1.63)

79 17 (13.82) 4 (3.25)
Herd size

<5 18 (14.63) 1(0.81)

510 16 (13.01) 2 (2.44)

1115 4 (3.25) 0 (0)

> 15 8 (6.59) 3(2.44)
Body condition

Good 9 (7.32) 2(1.63)

Medium 24 (19.51) 3(2.449)

Poor 13 (10.57) 2(1.63)
Husbandry practice

Intensive 38 (30.89) 6 (4.88)

Semi intensive 8 (6.51) 1(0.81)
Breed

Holstein cross 9 (7.32) 1 (0.81)

Jersey cross 29 (23.58) 5 (4.1)

Local 8 (6.50) 1 (0.81)
Coughing history

Yes 17 (13.82) 5(4.15)

No 29 (23.58) 2(1.62)
Animal Origin

Imported 36 (29.27) 1 (0.81)

Home breed 10 (8.13) 6 (4.88)

such as gamma interferon assay for the disease diagnosis, it would
improve the tests' overall sensitivity. This seropositivity indicated an
association of cattle exposure and the development of TB in human
beings in Kathmandu valley and Kavre, Nepal. So, there might be a
substantial contribution of M. bovis in Nepal's total proportion of human
TB.

5. Limitation of study

There is no provision of differentiating M. bovis and M. tuberculosis
in the National Tuberculosis Center (NTC) at routine culturing because
the method of culture for M. bovis is different from that of M. tubercu-
losis. We could not provide the molecular evidence of the shared strain
of M. bovis infection between humans and cattle. For this, NTC and CVL
should establish the culture and molecular detection methods of M.
bovis in human and animal samples, respectively. We tried to minimize
the information bias in selecting controls by collecting enough in-
formation on the exposure status; however, some recall bias might
occur there.
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6. Conclusion

In addition to the socio-demographic, environmental, and beha-
vioral risk factors, the exposure to infected cattle and consumption of
unprocessed dairy products leads to the contribution of the develop-
ment of TB in human beings. An effective control program of bovine TB
in livestock populations could curtail the number of TB cases in Nepal.
Maintaining the bovine TB free cattle herds would ensure people's good
health and accentuates cattle products' trade outside the country. A
joint program needs to be implemented among animal, human, and
environmental sectors through One Health approach to reduce the TB
burden of Nepal.

7. Recommendations

Nepal is one of the members of OIE, WHO, and FAO. An integrated
surveillance plan for bovine TB should be initiated among animal,
human, and environmental sectors based on the One Health aspects.
The inter-collaborative programs should be launched to estimate the
true prevalence of zoonotic TB in animals and actual proportions in
human TB patients. The government should fund the studies of bovine
Tuberculosis both in animal and human health. Nepal government
approved the One Health Strategy Framework in 2019, and it should be
implemented for the control of bovine Tuberculosis in Nepal. Since
cattle owning is related to the religious and cultural practice of many
people here, the bovine TB management could be a challenging job. A
group of anthropologists, social workers, and veterinarians should
jointly address the related cultural issues and advocate removing in-
fected cattle from the herds. Moreover, we suggest a robust plan for
prospective research on bovine or zoonotic TB work in Nepal.
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