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Abstract  

Background & Objective: Identification and treatment of latent-tuberculosis-infection (LTBI) has 

remained at backstage for long. This study looks at the effect of graded-increase in clinical exposure on 

incidence of LTBI in health-care students and their non-exposed peers.  

Methods: It was a cross-sectional observational study including 817 students (medical and non-medical). A 

one-step tuberculin-skin-test (TST) was performed using Monteux-technique. A positive TST, induration of 

≥10 mm, was considered suggestive of LTBI. Prevalence of LTBI was recorded among students of 

successive years and comparisons were made, in the two groups, with demographic variables. 

Results: Mean age of the study population was 20.83±1.86 years. 73.19% students were from an urban-

background and 67.68% were from high-income-group. In medical and nursing group 29.08% and 30.55% 

students had TST positivity as compared to 14.23% in engineering students. Over four-years, the 

percentage of medical and nursing students having positive-TST increased from 13% to ≥40% (p<0.05), but 

no such change was present among engineering students. Relative-risk of acquiring LTBI in medical 

profession was ≥2.1 as compared to non-medical profession. There was a strong correlation of TST-

positivity with increasing clinical exposure in the form of medical/surgical postings even after excluding 

TST-positivity due to community exposure (p<0.01). There was no association of TST positivity with gender, 

residence, family income, parents education and occupation and BCG vaccination (p>0.05). 

Conclusion:  In our study, a higher prevalence of latent tuberculosis infection was demonstrated among 

medical and nursing students as compared to engineering students. This data favours further studies on the 

role of heightened infection control practices and potential role of treating LTBI among healthcare-

workers.  
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Introduction 

Tuberculosis (TB) is one of the most dominating 

infectious diseases globally due to its extreme 

contagious nature. It is a treatable, communicable 

disease that has two states of infection: latent 

tuberculosis infection (LTBI) and active disease. 

One-third of the world’s population is estimated to 

be infected with mycobacterium tuberculosis. It 

claims a high number of lives around the world, 

every year, despite progress in medical knowledge 

and management.
1
 

The prevalence of LTBI in India ranges from 9-

80% as per various studies.
2-4

 Detection and 

treatment of active, transmissible disease have 

been the highest priority for both clinicians and 

public health officials, but it is crucial to identify 

and treat LTBI if we aim to attain total control of 

TB. To this date, there are no national guidelines 

for screening or management of LTBI among non-

immunocompromised individuals in India.
5
 

In low prevalence countries, treatment of LTBI 

can achieve up to 80-90% reduction in active TB. 

Despite this, in high prevalence countries like 

India LTBI treatment remains neglected because 

treatment of LTBI will increase the logistic and 

financial burden on health system.  

Healthcare workers (HCWs) are at risk of 

acquiring TB from contact with infected patients 

they care-for.
6
 The first outbreak of multi-drug 

resistant (MDR) TB was thought to have started 

from a healthcare facility in South Africa.
7
 

Testing of LTBI will make them more careful and 

adherent to infection control measures.
8,9 

The 

lifetime risk of developing active TB (in HCW 

with recent LTBI) is 10 - 20%, this is reduced to 

half when LTBI directed therapy is provided.
10

 

As per national guidelines, LTBI is treated in 

patients with immunosuppression or children with 

exposure to active tuberculosis patient.
11 

Treatment of LTBI is likely to be beneficial in 

subjects with risk factors that increase the chance 

of developing active TB and high-risk groups like 

health care workers. 

Medical students and nursing students are among 

the vulnerable group as they are exposed to 

patients in their clinical postings and optimum 

precautions are not commonly used.
12

Also, it 

would be interesting to know the effect of 

increasing clinical exposure on the incidence of 

LTBI in them and what is the prevalence of LTBI 

in non-exposed population of same age group. 

No study from India has compared the prevalence 

of LTBI among medical and non-medical 

students. In this observational case-control study, 

we compared the point prevalence of LTBI among 

medical students, nursing students and non-

medical (engineering students) in different years, 

to understand about the nosocomial spread of TB 

infection. It will provide baseline data as well as a 

cohort for longitudinal studies and may help 

administrators to plan strategies for the prevention 

of the nosocomial spread of airborne infections. 

 

Material and Methods 

It was a cross-sectional observational study 

carried out in the department of pulmonary and 

critical care medicine at a tertiary care hospital of 

northern India (Pt B.D.S PGIMS, Rohtak) from 

January 2014 to August 2015. 817 students of 

medical (MBBS- bachelor of medicine and 

bachelor of surgery), BSc nursing and engineering 

courses were recruited after informed consent. 306 

students were from the medical group, 216 from 

the nursing group and 295 from the engineering 

group. Students with a previous or present history 

of tuberculosis and immune-compromised 

individuals were excluded from the study. A 

detailed medical history of all the students with 

information regarding previous BCG vaccination, 

potential TB exposure from the clinical postings, 

previous history of tuberculin testing and of 

previous TB assessment was obtained through a 

questionnaire.  Along with this, information on the 

socio-demographic profile of the students was 

also taken into account. BMI of the students was 

also calculated. 

Ethical clearance was obtained from institutional 

ethical committee. After obtaining above 

mentioned information, a tuberculin skin test 

(TST) was performed using the Monteux 
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technique by an experienced professional. One 

unit (0.1ml) of 10 TU (tuberculin units) of 

purified protein derivative (PPD) solution was 

administered by intradermal injection on the volar 

aspect of the forearm using a 27 gauge needle. A 

positive TST was defined as in duration of 

≥10mm in transverse diameter perpendicular to 

forearm. Subjects having positive TST were 

considered to have LTBI. 

Statistical Analysis 

At the end of the study, both univariate and 

multivariate analysis was done from the collected 

data. Comparison of two categorical variables was 

done by Chi-Square Test. Comparison of 

categorical and a continuous variable was done by 

Independent student t-test. Multivariate analysis 

was performed on variables which were found 

significant on univariate analysis using a binomial 

logistic regression to assess the independent effect 

of each variable in our study. The exclusion and 

inclusion of variables were based upon the 

univariate analysis. A ‘p’ value of less than 0.05 

was taken as significant. 

 

Results 

Demographic profile of students is presented in 

table-I. Mean age of study population was 

20.83±1.86 years with the predominantly female 

gender. Only one-fourth of the students were from 

a rural background and majority (73.19%) were 

from urban areas (supplementary- suppl table 1). 

Nearly two thirds (67.68%) were from the high-

income group, however, students of medical and 

engineering group had a higher income than the 

nursing group (p<0.001) (suppl table 2). In 

comparison to mothers, more fathers were literate 

(89.48% vs 99.03%) (suppl table 3 and 4). Fathers 

of maximum subjects were either professionals or 

in a government job, most parents had teaching 

profession and only 3.18% fathers were 

unemployed (suppl table 5) whereas nearly two-

thirds of student’s mothers were home-makers 

(suppl table 6). 

Only 7.95% of students had outside hospital 

environment exposure. Among these only one 

student from the medical group knew sputum 

status of the contact (positive). On the other hand, 

only 4.28% of subjects had exposure in the 

hospital community with least exposure among 

engineering students. There was no statistically 

significant difference in clinical exposure among 

medical and nursing groups (p=0.97) but there 

was a significant difference when the medical and 

nursing group were compared with the 

engineering group (p<0.05). Presence of BCG 

scar, which was suggestive of BCG vaccination in 

childhood, did not differ in frequency among the 

three groups of students (table II). The TST 

positivity did not differ among the students 

according to the BCG vaccination status (p= 

0.218) (suppl table 7). 

In medical and nursing group total of 29.08% and 

30.55%, respectively, had TST positivity as 

compared to 14.23% of engineering 

students(p<0.05). A significantly higher number 

of medical and nursing students had TST 

positivity with increasing years of study in 

comparison to engineering students where the 

number was largely static (p=0.001) (figure 1 and 

suppl table 8)). Over a period of four years, the 

percentage of medical and nursing students having 

positive TST increased from 13% to more than 

40% (p<0.05) but there was no such change 

among engineering students(p>0.05). On 

multivariate analysis also, there was a strong 

correlation of the medical profession with TST 

positivity (p=0.021).The relative risk of having 

latent tuberculosis infection was 2.04 (p <0.0001 

95% CI 1.47 to 2.84) among medical students 

versus engineering students. Similarly, the relative 

risk was 2.15 (p <0.0001 95% CI 1.52 to 3.03) 

among nursing students versus engineering 

students. When both nursing and medical students 

were compared, in combination, with engineering 

students relative risk was still high [2.09 (p 

<0.0001 95% CI 1.53 to 2.84).  

In an exploratory analysis among medical students 

sub-group, it was also analysed weather the 

exposure to medical or surgical postings had any 

impact on positivity of TST. It was found that 
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among students with positive TST, the number of 

medicine and surgery posting days were higher as 

compared to the students who had negative TST 

(103.8 days versus 88.79 days, p =0.014).  

Other post hoc analysis like comparison of TST 

positivity with family income and residence did 

not differ among the subgroups (p> 0.05) (suppl 

table 9 and 10).  

 

Supplementary Appendix 

Table 1 Residence wise distribution of students 
Residence A. Medical 

n=306(%) 

B. Nursing 

n=216(%) 

C.Engineering 

n=295(%) 

Total n=817(%) 

Rural 64(20.91%) 92(42.59%) 63(21.35%) 219(26.80%) 

Urban 242(79.08%) 124(57.40%) 232(78.64%) 598(73.19%) 

 

Table 2 Distribution of students according to the gross family income. 
Family income (INR)/month A. Medical 

n=306(%) 

B. Nursing 

n=216(%) 

C. Engineering 

n=295(%) 

1 <5000 (EWS) 4(1.30%) 4(1.85%) 9(3.05%) 

2 5000-10000 (LIG) 9(2.94%) 21(9.72%) 6(2.03%) 

3 10000-20000 (MIG) 25(8.16%) 50(23.14%) 26(8.81%) 

4 >20000 (HIG) 229(74.83%) 122(56.48%) 202(68.47%) 

5 Non responders 39(12.74%) 19(8.79%) 52(17.62%) 

 

Table 3 Father’s education-wise distribution of the students. 
Father’s education A. Medical 

n=316(%) 

B. Nursing 

n=216(%) 

C. Engineering 

n=295(%) 

Total 

n=817(%) 

1 No schooling 4(1.30%) 3(1.38%) 1(0.33%) 8(0.97%) 

2 Primary school 8(2.61%) 0(%) 9(3.05%) 17(2.08%) 

3 High school 10(3.26%) 12(5.55%) 15(5.08) 37(4.52%) 

4 Class X completed 38(12.41%) 57(26.38%) 33(11.18%) 128(15.66%) 

5 Class XI & XII 46(15.03%) 45(20.83%) 59(20%) 150(18.35%) 

6 Diploma/bachelor 103(33.63%) 82(37.96%) 105(35.59%) 290(35.49%) 

7 Masters 96(31.37%) 17(7.87%) 72(24.40%) 185(22.64%) 

8 Non responders 1(0.32%) 0(%) 1(0.33%) 2(0.24%) 

 

Table 4 Mother’s education-wise distribution of the students 
Mother’s education A. Medical 

n=306(%) 

B. Nursing 

n=216(%) 

C. Engineering 

n=295(%) 

Total 

n=817(%) 

1 No schooling 30(9.80%) 37(17.12%) 19(6.44%) 86(10.52%) 

2 Primary school 20(6.53%) 24(11.11%) 19(6.44%) 63(7.71%) 

3 High school 19(6.20%) 15(6.94%) 20(6.77%) 54(6.60%) 

4 Class X completed 55(17.97%) 52(24.07%) 50(16.94%) 157(19.21%) 

5 Class XI & XII 43(14.05%) 40(18.51%) 67(22.71%) 150(18.35%) 

6 Diploma/bachelor 66(21.56%) 27(12.5%) 69(23.38%) 162(19.82%) 

7 Masters 73(23.83%) 21(9.72%) 51(17.28%) 145(17.74%) 

8 Non responders 0 0 0 0(%) 

 

Table 5 Father’s education wise distribution of the students 
Father’s occupation A. Medical 

n=306(%) 

B. Nursing 

n=216(%) 

C. Engineering 

n=295(%) 

Total 

n=817(%) 

1 Professional/ Govt. job 137(44.77%) 68(31.48%) 119(40.33%) 324(39.65%) 

2 Skilled worker 45(14.70%) 19(8.79%) 48(16.27%) 112(13.70%) 

3 Shop/farm owner 70(22.87%) 45(20.83%) 68(23.05%) 183(22.39%) 

4 Unskilled / manual 

laborer 

7(2.28%) 20(9.25%) 14(4.74%) 41(5.01%) 

5 Retired/pensioner 18(5.88%) 34(15.74%) 19(6.44%) 71(8.69%) 

6 Unemployed 7(2.28%) 14(6.48%) 5(1.69%) 26(3.18%) 

7 Non responders 20(6.52%) 9(4.16%) 20(6.77%) 49(5.99%) 

8 Not alive 2(0.65%) 7(3.24%) 2(0.67%) 11(1.34%) 
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Table 6 Mother’s education wise distribution of the students. 

Mother’s occupation A. Medical 

n=306(%) 

B. Nursing 

n=216(%) 

C. Engineering 

n=295(%) 

Total 

n=817(%) 

1 Professional/ Govt. job 63(20.58%) 30(13.88%) 48(16.27%) 141(17.25%) 

2 Skilled worker 19(6.20%) 5(2.31%) 25(8.47%) 49(5.99%) 

3 Shop/farm owner 12(3.92%) 7(3.24%) 18(6.10%) 37(4.52%) 

4 Unskilled / manual 

laborer 
6(1.96%) 6(2.77%) 5(1.69%) 17(2.08%) 

5 Retired/pensioner 2(0.65%) 0(%) 1(0.33%) 3(0.36%) 

  6 Housewife 199(65.03%) 164(75.92%) 189(64.06%) 552(67.56%) 

7 Not alive 3(0.98%) 4(1.85%) 8(2.71%) 15(1.83%) 

8 Non responders 2(0.65%) 0(%) 1(0.33%) 3(0.36%) 

 

Table 7 Tuberculin sensitivity test positivity with BCG vaccination status 

 
Scar 

absent 

Tuberculin sensitivity 

test positive 

n(%) 

Scar 

present 

Tuberculin sensitivity 

test positive 

n(%) 

Statistical 

significance 

MBBS 42 9 (21.42%) 264 80(30.30%)  

p=0.218 Nursing 35 12 (34.28%) 181 54(29.83%) 

Engineering 60 6 (10%) 235 36(15.31%) 

 

Table 8 Tuberculin sensitivity test positivity in each year of college. 

Year of admission 
Medical 

n(%) 

Nursing 

n(%) 

Engineering 

n(%) 

2014(1
st
)

 
11/83(13.25%) 7/53(13.20%) 9/64(14.06%) 

2013(2
nd

)
 

18/70(25.71%) 16/55(29.09%) 10/74(13.51%) 

2012(3
rd

)
 

26/72(36.11%) 20/55(36.36%) 13/90(14.44%) 

2011(4
th

)
 

34/81(41.97%) 23/53(43.39%) 10/67(14.92%) 

Total  89/306(29.08%) 66/216(30.55%) 42/295(14.23%) 

Statistical 

significance (linear) 
p=0.001 p=0.050 p=0.996 

 

Table 9 Tuberculin sensitivity test positivity according to the residence. 

 Rural Urban 

 Total Positive Total Positive 

MBBS 64 13(20.31%) 242 76(31.40%) 

Nursing 92 35(38.04%) 124 31(25%) 

Engineering 63 7(11.11%) 232 35(15.08%) 

 

Table 10 Tuberculin sensitivity test positivity and its comparison with family income. 

Family income (INR)/ 

month 

MBBS Nursing Engineering 

Total Positive Total Positive Total Positive 

1 <5000 (EWS) 4 1(25%) 4 1(25%) 9 0(%) 

2 
5000-10000 

(LIG) 
9 2(22.22%) 21 7(33.33%) 6 1(16.66%) 

3 
10000-20000 

(MIG) 
25 8(32%) 50 16(32%) 26 8(30.76%) 

4 
>20000 (HIG) 

229 69(30.13%) 122 
36(29.50%

) 
202 28(13.86%) 

5 Others 39 9(23%) 19 6(31.57%) 52 5(9.61%) 
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Table I: Demographic profile of students. *Community exposure outside the hospital environment was 

described as exposure at home or neighborhood and inside hospital exposure was defined as exposure 

through a classmate, roommate in hostel or any staff member working in the hospital. 

 A. Medical (n-306) B. Nursing (n-216) C. Engineering  (n-295) p value 

Age (yr.)(Mean± SD) 21.0±1.85 20.66±1.38 20.78±2.15 0.101 

Gender:Male 

Female 

140(45.75%) 

166(54.24%) 

0(0.00%) 

216(100%) 

243(82.37%) 

52(17.62%) 

 

Community exposure*:   
Outside hospital 

Inside hospital 

 

31 (10.13%) 

20 (6.53%) 

 

23(10.64%) 

15 (6.94%) 

 

11 (3.72%) 

0 

AvsB=0.97 

AvsC=0.01 

BvsC=0.01 

 

Table II: Frequency of presence or absence of BCG scar in medical (A), nursing (B) and engineering (c) 

groups. 

Course Presence of BCG scar- n (%) Absence of BCG scar- n (%) 
p value 

 

Medical (A) 264(86.24%) 42(15.9%) AvsB=0.055 

AvsC=0.055 

BvsC=0.055 
Nursing (B) 181(83.79%) 35(16.20%) 

Engineering (C) 235(79.66%) 60(20.33%) 

 

 
Figure 1- TST positivity with an increasing year of study 

 

Discussion 

LTBI is an inactive clinical state, defined by 

immunological evidence of M. tuberculosis 

infection either by positive TST or positive IGRA 

accompanied by an absence of clinical and 

radiographic evidence of active TB.
11

 Medical & 

nursing students, nurses, staff members, contacts 

of TB patients and immunocompromised 

individuals are at high risk of developing LTBI. 

IGRA is more specific than TST as it has no 

cross-reactivity with BCG vaccination and non-

tuberculous mycobacteria, but measured values of 

IGRA are highly dynamic. Pai et al.
3
 and 

Demkow et al.
13

 found a good correlation between 

TST and IGRA. WHO guidelines recommend the 

use of tuberculin skin test in place of IGRA in 

low-income and middle-income countries.
11

 

Various studies have evaluated different strengths 

of PPD for TST. In a study by Rhonda et al.
14

 it 

was found that reaction to 10 TU was more 

significant by 1.5mm in comparison to 5TU. Also, 

we used a single-step TST, as there is evidence of 

0 

5 

10 

15 

20 

25 

30 

35 

40 

45 

50 

Medical Nursing Engineering 

2011 

2012 

2013 

2014 



 

Manjunath BG et al JMSCR Volume 09 Issue 05 May 2021 Page 85 
 

JMSCR Vol||09||Issue||05||Page 79-88||May 2021 

a significant decrease in response when TST is 

done repeatedly (Behnazet al.
15

). 

In our study we found that there was a significant 

correlation between TST positivity with 

increasing age in medical and nursing students 

(p<0.05) suggesting a cumulative probability of 

TB exposure with increasing age. This factor was 

not influenced by gender or other variables, as has 

been described in previous studies by Paolo 

Durando et al.
16

 and Abbas et al.
17

 

There was no association of TST positivity with 

residence (p=0.661) as most of the study subjects 

belonged to the urban region. Similarly, there was 

no association of TST positivity with parents 

income or education (p>0.05). Sumit Jethani 

found that tuberculosis was more common among 

low socioeconomic status and large families.
18

 

However, as most of the students in our cohort 

belonged to upper socioeconomic status, this 

factor could not have played any significant role. 

It also suggests that TST positivity depends on 

multiple factors like exposure, sputum status of 

the contact, immune status of the host and not 

merely on the socioeconomic status of the subject 

of interest alone. 

We found that with increasing BMI, there was less 

TST positivity. In contrast, Christopher et al.
4
 

found a positive relationship of TST positivity 

with BMI, explained by blunted hypersensitivity 

reaction in low BMI students due to less immune 

reaction whereas Peru
19

 found false-negative TST 

in individuals with lower body protein proportion, 

implying that protein malnutrition causes 

tuberculin-specific anergy. This discrepancy can 

be due to two main reasons. First, such level of 

malnutrition did not exist in our study population 

which could have caused blunted immunity. 

Secondarily, the age of our population was still 

younger than those in previous studies. In addition 

extremes of BMI did not exist in our cohort. 

Madhukar Pai et al. showed 40% TST positivity 

among health care workers who had community 

exposure.
3
 Similarly, in the present study, 46.15% 

of students who had community exposure and 

40% of students who had exposure in the hospital 

community were TST positive which is consistent 

with previous studies. This data suggests that the 

history of community exposure to tuberculosis is a 

high risk for LTBI (p<0.01). 

83.47% of students in our study had BCG scar 

present due to national vaccination policy of 

India. BCG vaccination had little impact on TST 

positivity. Ruffino Nett et al.
20 

reported that 64.8% 

of BCG-vaccinated students were still nonreactors 

to TST even when BCG was administered two 

years back. Recent tuberculin surveys
21

 from India 

involving more than one lakh children had also 

shown that BCG vaccination does not influence 

the annual risk of infection. A study done by 

Teixeira et al.
22 

showed that BCG scar was not 

always associated with positive TST. These 

findings endorse the fact that TST positivity can 

be taken as evidence of LTBI even in countries 

like India, where BCG vaccination is universal. 

Most important finding of our study was that we 

found a strong association of increasing clinical 

exposure with TST positivity among medical 

students even after excluding students with history 

of community exposure (p<0.05), in addition there 

was a significantly higher TST positivity in final 

year than the firstyear (p<0.05) students of 

nursing. The probable reason behind this finding 

was increasing exposure to patients after their 

clinical postings from the second year. The 

prevalence of LTBI among MBBS students was 

13.25% in the first year, 25.71% in the second 

year, 36.11% in the third year and 41.97% in the 

final year. In nursing students it was 13.20%, 

29.09%, 36.36%, 43.39% in respective years. 

Whereas, there is no such trend seen in their 

contemporaries from engineering cohort. 

Madhukar Pai
3
 showed that 41% of health care 

workers, including medical students, were 

suffering from LTBI as determined by TST 

positivity. According to Mugerwa et al.
23

, the 

prevalence of TB infection was 44.8% among 

medical students and 35.2% among veterinary 

students. A higher prevalence among medical 

students was due to increasing clinical exposure. 

Silva et al.
24

 found increasing prevalence from 
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4.2% to 16.2% with an increasing year of study 

among medical students and it was only 4.2% to 

4.4% among engineering students. In a 

prospective study among nursing students by 

Christopher et al.
25

 concluded that, annual risk of 

TB infection measured by TST conversion was 

7.8%, which was 5-folds higher than the national 

average. A study done in Peru
26

 showed that TST 

conversion risk was 61% and 51% higher among 

nursing and medical students respectively, 

compared to non-clinical careers. Similarly, in our 

study, risk of having LTBI among medical and 

nursing group was more than double when 

compared with engineering group. TST positivity 

was also significantly associated with medicine 

and surgery postings. Median days of posting in 

TST positive students were 103.80 days as 

compared to 88.79 days in TST negative students. 

Our findings and previous data concludes that the 

working environment is a significant determinant 

of TST positivity especially for healthcare 

workers (p<0.01). 

Safety Profile- None of the students, who took the 

test, showed locoregional or systemic allergic 

reactions. Some students complained of itching at 

the site of injection, which was self-limiting.  

There are few merits of the study, like comparison 

with a population of students who nearly do not 

have any exposure (engineering students). Also, 

we compared the TST positivity across several 

batches in succession to implicate the effect of 

clinical postings longitudinally. Apart from the 

huge population of the students which were 

included in the study, single step-TST with a 

10mm cut off was another significant merit of our 

study. A few limitations of our study were, not 

knowing the actual protective gears used by the 

students in their clinical postings for infection 

control. Also, a detailed history of exposures 

during clinical posting could have been recorded. 

 

Conclusion 

In this study, we found that medical students, both 

from nursing as well as MBBS, have a high 

probability of developing LTBI. This correlates 

with the extent of clinical posting exposure as 

well. Such high positivity and a known fact, of 

developing active tuberculosis from LTBI, should 

be taken seriously by the policy-makers and 

should prompt an LTBI directed program among 

healthcare workers. Also, the impact of strict 

infection control policies like masks, hand 

hygiene, isolations, should be studied at an 

individual level of clinical exposures.  
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