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Abstract 
Introduction: Between February and November 2016, 17 tuberculosis (TB) cases were identified among high school students in Novi Pazar, 

Serbia. The objectives of our study were to describe the outbreak, to identify potential risk factors and to evaluate the applied control measures. 

Methodology: The outbreak was described by time, person and place. A retrospective cohort study was conducted. Attack rates, unadjusted 

relative risks (RR) and 95% confidence intervals (CI) were calculated. Multiple log-binomial regression analysis was performed to calculate 

adjusted RR. 

Results: Sixteen of the total 17 cases occurred among grade 3 students, AR 5.5%. Previous TB family history, (RR = 5.29; 95% CI = 1.63-

17.12), spending time with a known TB case at school (RR = 5.38; 95% CI = 1.48-19.55) and exposure to secondhand smoke (RR = 3.37; 95% 

CI = 1.11-10.29) were all significantly and independently associated with the occurrence of TB. 

Conclusions: Delayed diagnosis and reporting resulted in delayed initiation of the contact investigation and non-identification of latent TB 

cases probably favored the occurrence of this outbreak in a low incidence country. Public health authorities should consider revising the existing 

guidelines, promoting inter-sectorial collaboration and increasing awareness of public health professionals. 
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Introduction 
Tuberculosis (TB) disease results from infection 

with the pathogen Mycobacterium tuberculosis and 

spreads by respiratory transmission. It is predominantly 

a disease of the lungs, with pulmonary TB accounting 

for 70% of cases, however M. tuberculosis can spread 

to other organs leading to extra-pulmonary disease. 

Although 10 million new cases of active TB are still 

reported annually, the majority of infected individuals 

do not develop an active form of the disease [1]. It is 

estimated that up to one-fourth of the world’s 

population is infected with M. tuberculosis but are 

asymptomatic and therefore defined as having latent TB 

[2]. Majority of these individuals will control this latent 

infection, but only 5 to 10% will develop TB during 

their lifetime [3].  

The incidence of tuberculosis (TB) has decreased 

over the last 10 years in Serbia, from 37 per 100,000 in 

2003 to 12 per 100,000 in 2016 [4] making it a low TB 

incidence country [5]. The treatment success rates for 

drug-susceptible TB were satisfactory until 2011 when 

the rate was 87%. However, it decreased from 85% in 

2012 to 75% in 2015 [4]. Large differences in incidence 

were observed among districts: the lowest rates were 

recorded in the north while the highest recorded in 

south-west parts of the country [4]. According to the 
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national immunization schedule, BCG (Bacille 

Calmette Guérin) vaccine is mandatory and 

administered to newborn children as a single dose [6]. 

According to the national guidelines, [7] investigation 

of all contacts older than 14 years is performed by chest 

x-ray. The use of tuberculin skin testing (TST) or 

Interferon Gamma Release Assays (IGRA) for the 

detection of latent TB-LTB is currently not 

recommended [7].  

The City of Novi Pazar (2016 population: 104,674) 

is located in the south-west of the country [8]. TB 

notification rates in Novi Pazar do not follow the 

declining trend. Over the last ten years, it has been the 

city with the highest TB notification rate in Serbia, 31-

39 per 100,000, 2-3 times higher than the country’s 

average. Coverage of BCG vaccination in Novi Pazar 

was 96-100% over the last twenty years corresponding 

with the data for the rest of the country [4].  

 

Outbreak description 

According to the national guidelines, the TB 

outbreak is defined as an increase in the number of TB 

cases in time and place above the expected rate [7]. 

Between February and May 2016, 4 TB cases had been 

reported among high school students in Novi Pazar (40 

classes, 1194 students and 99 employees). No TB cases 

had been reported among students in other schools.  

Local and national health authorities conducted 

active case finding among students between June and 

September 2016 among 1003 students (84% of the 

total) and 99 employees (100%) reporting at least one 

symptom of the following: cough, hemoptysis, fever, 

night sweats, weight loss, chest pain, shortness of 

breath, fatigue using fluorography on the field [9]. 

Those with positive fluorography were further screened 

by chest radiography and referred for sputum analysis 

(microscopy and culture). A computed tomography 

(CT) scan was performed in cases of inconclusive 

radiography findings. In suspected extra-pulmonary TB 

cases, microbiological examination of another 

appropriate sample was performed including surgical 

biopsy [9]. 

Eleven new active TB cases were identified among 

third-grade high school students. The second round of 

active case finding was performed in October 2016 

among the remaining 292 high school students. By the 

end of November 2016, six additional TB cases were 

identified; five in the third grade and one case in the 

second grade, making a total of 17 cases. No cases were 

identified among employees. It is well known that the 

proximity of students in the classrooms, as well as 

crowded living conditions may facilitate TB 

transmission [10,11]. However, little is understood 

about the transmission dynamics and risk factors in an 

outbreak setting and the evidence of TB outbreak 

investigation in Serbia so far has been scarce [12]. 

The objectives of the study were to describe the 

outbreak among high school students in Novi Pazar, 

Serbia and to identify risk factors for TB during this 

outbreak among third grade high school students in 

order to evaluate the control measures and prevent 

future outbreaks. 

 

Methodology 
We reviewed the medical records of the cases and 

reports by the District health authorities to describe the 

outbreak by time, person and place. Descriptive 

analysis was conducted continuously during the 

outbreak among the high school students population (n 

= 1194), while retrospective cohort study was 

performed in December 2016 among third-grade high 

school students (n = 292). Outbreak cases included 

seventeen TB patients among high school students over 

a 1-year observation period after the initial contact. 

Retrospective cohort analysis included sixteen cases. 

Case definition and classification was performed in line 

with the latest European Commission Implementing 

Decision: 

 Possible TB case was defined as any person 

meeting the clinical criteria (signs, symptoms 

and/or radiological findings consistent with active 

TB in any site and a clinician’s decision to treat the 

person with a full course of anti-tuberculosis 

therapy). 

 Probable case as any person meeting the clinical 

and laboratory criteria for a probable case. 

 Laboratory criteria for a probable case. At least 

one of the following three:  

 Microscopy for acid-fast bacilli or 

equivalent fluorescent staining bacilli on 

light microscopy  

 Detection of Mycobacterium tuberculosis 

complex nucleic acid in a clinical specimen  

 Histological appearance of granuloma. 

 Confirmed case was defined as any person meeting 

the clinical and the laboratory criteria for case 

confirmation. 

 Laboratory criteria for case confirmation. At 

least one of the following two:  

 Isolation of Mycobacterium tuberculosis 

complex (excluding Mycobacterium bovis-

BCG) from a clinical specimen  

 Detection of Mycobacterium tuberculosis 

complex nucleic acid in a clinical specimen 
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AND positive microscopy for acid-fast 

bacilli or equivalent fluorescent staining 

bacilli on light microscopy [13].  

Clinical characteristics and information on 

microbiological diagnosis were recorded for all cases. 

Laboratory confirmation was performed at the 

National Reference Laboratory for mycobacteria by 

detection of the presence of M. tuberculosis and drug 

susceptibility testing to rifampicin and isoniazid using 

molecular techniques, cultivation in liquid media with 

different sensitive systems for early detection of the 

growth and rapid identification of isolated cultures 

using immune-chromatographic assays and molecular 

techniques. Genetic cluster was detected using the 

Mycobacterium tuberculosis-specific multiple locus 

VNTR (Variable Number of Tandem Repeats) analysis 

(MLVA) on the 11 isolates. Mycobacterial interspersed 

repetitive units (MIRU) genotyping was performed in 

Supranational Reference Laboratory for mycobacteria 

in Borstel, Germany  

A retrospective cohort study was conducted among 

the third-year high school students to examine the risk 

Figure 1. Epidemiological linkage between the outbreak cases. 

Red circles represent sputum smear positive cases; yellow 

circles represent culture positive cases; blue circles represent 

extra pulmonary cases. 

Figure 2. Geographic distribution of the outbreak cases. The green symbol represents a position of a high school; the yellow symbols 

indicate the places of living of the cases in Novi Pazar in relation to the position of high school. (Image courtesy of Google Maps). 
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of disease among high school students exposed and 

unexposed to various risk factors. The study instrument 

included six groups of exposure variables : 

demographics and socio-economic factors: gender, age, 

height, weight, residence, family size, household 

income; health behavior: regular daily food intake 

(three meals per day), regular daily sleeping pattern (8 

hours) , current smoking status, exposure to secondhand 

smoking, current use of hookah, sharing hookah, 

current alcohol consumption, experience of stressful 

situations in the past 24 months ; known exposure to TB 

inside and outside the school: time spent at school 

during classes per day, time spent at school during 

school breaks per day, spending school breaks outside 

the school, history of TB in the family and among 

friends, spending ≥ 8 hours per week with a known TB 

case at school-“TB friend”; immunosuppression and 

comorbidities: cancer, gastrectomy, jejuno-ileal by-

pass, silicosis, renal insufficiency, diabetes, 

malnutrition, asthma or other. After a pilot study among 

ten students, face to face interviews were conducted by 

the local health staff previously trained on the interview 

methodology. 

 

Statistical analysis 

Descriptive statistics was used to obtain summary 

values and attack rates (AR). Unadjusted relative risks 

(RR) and 95% confidence intervals (CI) for all exposure 

variables were calculated in univariate analysis. 

Multiple log-binomial regression analysis was 

performed to calculate adjusted RR. The outcome 

variable was TB disease. Statistically significant 

variables in univariate analysis were included in the 

multivariable model. The variable “TB history among 

friends”, although statistically significant, was not 

included in the model. This variable referred to the 

“friends” at school, thus, overlapping with the exposure 

“spending time with TB friends” at school, the latter 

was ultimately considered more relevant as it also 

included the duration of the exposure. 

Statistical significance was set at p < 0.05. Data 

were analyzed using Statistical Package for Social 

Sciences (IBM SPSS) version 24. 

 

Results 
Descriptive analysis 

Overall, 17 cases were detected from February to 

November 2016 among the 1,194 students (AR 1.42 

%), one case was identified in grade 2 (AR 0.33%) and 

16 cases in grade 3 (AR 5.5%). No cases were detected 

among grade 1 and grade 4 high school students.  

Among 17 TB cases, 11 (64.7%) were confirmed 

cases, 1 (5.8%) was a probable case and 5 (29.4%) were 

possible TB cases. Overall, pulmonary (11) and extra-

pulmonary (6) forms accounted for 64.7% and 35.2% 

of the total cases, respectively. Whereas, 7 of the 

pulmonary TB cases were sputum smear positive, 

63.6% or 41% of the total.  

Almost all cases (94.1%) were epidemiologically 

connected (Figure 1). No link was not observed 

between the first and the last case. Each case was linked 

consecutively with the next except cases 4 and 5 and 

cases 8 and 9. Cases 5 and 9 attended classes where the 

TB cases were already reported. Case number 7 did not 

report a connection with any of the TB cases from this 

outbreak. Geographic distribution of all cases is 

presented in Figure 2. 

A total of 16 third-grade high school students 

developed TB during this outbreak. The third-grade 

high school population consisted of 292 students 

distributed in 10 classes. Cases were identified in 8 

classes. The highest AR by classroom was observed in 

classrooms (C) number 10 (11.5%) and 3 (10.0%) 

respectively, while the lowest AR was found in 

classrooms number 2 (4.5%) and 8 (6.1%). The mean 

age of the third-grade students was 18.19±0.40. Gender 

specific AR for females and males were 9.0% and 6.6%, 

respectively. The pulmonary (11) and extra-pulmonary 

(5) form of the disease accounted for 68.7% and 31.3% 

respectively, whereas 5 of the pulmonary TB cases 

were sputum smear positive (45.4% of the pulmonary 

cases and 31.3% of the total).  

The median time between the onset of symptoms 

and seeking medical assistance was 5 days (0-30). The 

time lag between the date of onset and the date of 

diagnosis was 13.7 days.  

Figure 3. Distributions of cases by date of symptom onset and 

date of notification. 
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Table 1. Attack rates and factors related to TB according to the univariate regression analysis. 

Variables 
TB cases 

n (16) 

Total 

N (202) 

Attack rate 

(%) 
RR (95% CI) p value 

Gender     

0.546 Female 10 111 9.0 1.36 (0.49-3.76) 

Male 6 91 6.6  

BMI     

0.848 ≤ 19 2 28 7.1 
0.87 (0.26-5.07) 

> 19 14 170 8.2 

Residence     

0.450 Rural 11 120 9.2 
1.50 (0.52-4.33) 

Urban 5 82 6.1 

Family size     

0.265 > 5 9 85 10.6 
1.75 (0.65-4.71) 

≤ 5 7 116 6.0 

Monthly income of the Family (Euro)     

0.193 ≤ 500 11 108 10.2 
2.14 (0.68-6.71) 

> 500 5 84 4.8 

Current smoker     

0.319 Yes 2 47 4.3 
0.47 (0.11-2.07) 

No 14 155 9.0 

Current hookah user     

0.246 Yes 3 66 4.5 
0.48 (0.14-1.67) 

No 13 136 9.6 

Sharing hookah     

0.754 Yes 2 47 4.3 
0.68 (0.06-7.51) 

No 1 16 6.3 

Alcohol consumption     

0.406 Yes 3 57 5.2 
0.59 (0.17-2.06) 

No 13 145 9.0 

Regularly daily sleeping     

0.753 ≥ 8 hours 2 31 6.5 
0.79 (0.18-3.47) 

< 8 hours 14 171 8.2 

Regularly daily eating     

0.954 ≥ 3 meals per day 7 87 8.1 
1.03 (0.38-2.76) 

< 3 meals per day 9 115 7.8 

Exposure to secondhand smoke     

0.048 Yes 9 65 13.8 
2.71 (1.01-7.28) 

No 7 137 5.1 

Did something trouble you during the past 24 

months? 
    

0.952 
Yes 7 79 8.1 

1.03 (0.38-2.77) 
No 9 105 7.9 

Co-morbidities     

0.068 Yes 2 7 28.6 
3.98 (0.90-17.51) 

No 14 195 7.2 

Spending time in school during classes     

0.113 ≥ 5 hours per day 9 74 12.2 
2.22 (0.83-5.97) 

< 5 hours per day 7 128 5.5 

Spending time during school breaks     

0.029 In school 12 93 12.9 
3.52 (1.13-10.90) 

Out of school 4 109 3.7 

Previous TB disease in family     

0.001 Yes 4 7 57.1 9.28 (2.99-28.79) 

No 12 195 6.1  

TB disease among friends     

0.049 Yes 14 124 11.3 
4.40 (1.01-19.37) 

No 2 78 2.6 

Spending time with TB friend in school      

≥ 8 hours per week 11 45 24.4 
6.19 (1.73-22.20) 0.005 

< 8 hours per week 3 76 3.9 
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The median time between onset of symptoms and 

reporting of the cases to the district health authorities 

was 21 days (0-82). The median time between the 

diagnosis and reporting was 2 days (0-60), it was longer 

than 24 hours in 11 cases (68.7%) and 34.7 ± 25 days 

for the first four cases. Distributions of cases by date of 

symptom onset and date of notification are presented in 

Figure 3. 

 

Risk factors analysis 

Risk factors analysis included 202 out of 263 

students present at the school at the time of the study, 

making the response rate of 76.8%. AR and factors 

related to TB are presented in Table 1. Students with 

family size exceeding 5 members had a higher AR 

(10.6%) compared with students with a family size less 

than or equal 5 members (6.0%). But the observed 

difference was not statistically significant (RR = 1.75; 

95% CI = 0.65-4.71). Similar findings were noticed for 

students living in a rural and urban setting with AR 

9.2% and 6.1%, respectively. Students with an 

estimated monthly income less than 500 Euro per 

family had higher AR (10.2%) than students with an 

estimated monthly income more than 500 Euro (4.8%). 

However, the observed RR was not statistically 

significant (p = 0.193). Table 1 lists other non-

significant RRs including body mass index (BMI), 

current smoking status, alcohol consumption, using 

hookah, sharing a hookah, regular daily food intake, 

regular daily sleeping pattern, the experience of 

stressful situations and co-morbidities. Dominant co-

morbidities among TB patients were recurrent 

bronchitis and asthma. 

Students exposed to secondhand smoking had 2.7 

times higher risk of developing TB compared to 

students who were not exposed to secondhand smoking 

(RR = 2.71; 95% CI 1.01-7.28). Students who spent at 

least 5 hours per day in the school during classes had 

2.2 times higher risk of developing TB than those who 

spent less than 5 hours per day (RR = 2.22; 95% CI = 

0.83-5.97). Spending time in school during school 

breaks have been found to have RR of 3.52 (95% CI = 

1.13-10.90). In addition, there was a significant 

difference in AR between the groups of students who 

spent more than vs less than eight hours per week with 

TB friend in school (RR = 6.19; 95% CI = 1.73-22.20). 

Those who spent at least eight hours per week with TB 

friend had 6 times higher risk of developing TB 

compared to those who spent less than 8 hours per 

week. Also, previous TB disease in the family (RR = 

9.28; 95% CI = 2.99-28.79) and among friends (RR = 

4.40; 95% CI = 1.01-19.37) was significantly associated 

with developing TB.  

In multivariable log-binomial regression analysis 

(Table 2), three variables were found to be significant 

independent risk factors for the development of TB 

among high school students: previous TB disease in 

family (RR = 5.29; 95% CI = 1.63-17.12), spending 

time with TB friend in the school (RR = 5.38; 95% CI 

= 1.48-19.55) and exposure to passive smoking (RR = 

3.37; 95% CI = 1.11-10.29). 

 

Laboratory investigation 

All culture-positive cases (11) were drug-

susceptible strains. Genotyping confirmed the presence 

of the genotype cluster. 

 

Discussion 
This is the first TB outbreak among high school 

students in Serbia investigated by analytical methods. 

Three variables were found to be independently 

associated with the occurrence of TB among high 

school students: previous TB disease in family (RR = 

5.29; 95% CI = 1.63-17.12), spending time with TB 

friend in school (RR = 5.38; 95% CI = 1.48-19.55) and 

exposure to secondhand smoking (RR = 3.37; 95% CI 

= 1.11-10.29). The percentage of confirmed cases in 

this outbreak was lower compared to the annual average 

(71-75%) over the last five years in Serbia and in the 

EU/EEA region [4,1]. However, extra-pulmonary TB 

(35.3%) was almost 3 times more frequent than the 

country’s annual 5 years average: 11-13%. In contrast 

to the previous reports in the literature, in this outbreak 

females were more likely to be affected than males in 

this age group, although the difference was not 

statistically significant [14,15]. 

Similar to the previously reported school/university 

outbreaks, classes were not equally affected [16,17]. 

The most affected classes, C10 and C3, had 2-fold 

higher risk of TB occurrence and 100% and 66% of the 

Table 2. Independent risk factors for TB among students according to the multiple log-binomial regression analysis. 

Variable RR 95% Confidence interval p-value 

Previous TB disease in family 5.29 1.63 17.12 0.005 

Spending time with TB friend in school* 5.38 1.48 19.55 0.011 

Exposure to secondhand smoke 3.37 1.11 10.29 0.033 

*At least cumulatively eight hours per week. 
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cases were sputum smear positive, respectively. In 

comparison, there was only one extra-pulmonary TB 

(case No 7) in C2, which otherwise was not linked to 

any other cases. As presented in Figure 1, exposure to 

other known TB cases in school could explain the 

occurrence of the majority TB cases in this outbreak. As 

reported in previous TB outbreaks in schools and 

universities, the movement of the students between 

classes and potentially the classrooms’ ventilation 

characteristics likely have contributed to the airborne 

transmission of the disease [16-18]. Although 

according to the national Regulations it is mandatory to 

report communicable diseases cases within 24 hours 

after diagnosis, in this outbreak there was a significant 

delay in reporting the first 4 cases and subsequent active 

case finding [19]. The initial phase of the large-scale 

active case finding was conducted after a 4-8-week 

delay following the diagnosis of the first cases (3 

pulmonary TB and 1 extra-pulmonary case), targeting 

84% of all students and 100% employees. In addition, 

active case finding covered all students and employees 

without differentiating a “close contacts” group who 

spent ≥ 8 hours per week with a TB case at school as a 

priority group. Further, investigation of contacts by 

chest X-ray targeting only the clinically overt disease 

rather than LTBI as per the national guidelines, 

prevented the administration of prophylactic TB 

treatment. Several countries are currently using a two-

step strategy (TST followed by IGRA) in outbreak 

investigations [16,17,20]. However, the investigation of 

close contacts with TST and/or Interferon Gamma 

Release Assays (IGRA) is not recommended by the 

Serbian national guidelines, even though Serbia is 

included among countries supporting the 

implementation of the WHO guidelines on the 

management of LTBI [5,8]. In low TB incidence 

countries, household or other close contacts of 

bacteriologically confirmed pulmonary TB cases 

should be systematically screened and treated for LTBI 

accordingly [5]. The prevalence of LTBI among close 

contacts can be as high as 51% and can be higher among 

adolescents > 15 years and adults. In contrast to the 

results of previous studies, demographics and socio-

economic factors were not significantly associated with 

increased risk of TB in this outbreak. Nevertheless, the 

majority of these results refer to endemic/sporadic 

rather than epidemic cases [16,20,21]. Our results have 

not confirmed an increased risk of disease associated 

with alcohol consumption, smoking and hookah use. 

Other health related behaviors and factors such as 

regular daily food intake, regular daily sleeping pattern 

and self- perceptions of stressful situations/events have 

not been associated with increased risk of TB either. 

In our study, although increased, the risk of 

developing TB was not significantly associated with co-

morbidities, which is in contrast to the results of 

previous studies focusing on non-endemic settings [22]. 

Generally, people at high risk of developing TB disease 

are those recently infected with TB (6-12 months after 

exposure), at specific age groups (highest in children < 

3 years’ old, adolescents, young or very old adults), and 

those who are immunocompromised. Our study 

participants were third-grade high school students, with 

a very low frequency of co-morbidities except asthma 

and chronic bronchitis, the former being known to 

potentially increase susceptibility to TB infection due 

to the associated reduced local mucous-ciliary function 

of the alveolar macrophages and/or the long-term use of 

inhaled corticosteroids [22,23]. 

Secondhand smoking (SHS) was identified as a 

statistically significant risk factor associated with the 

development of TB. Recent studies confirm the 

correlation between the prevalence of tobacco use and 

tuberculosis [24]. Passive or active exposure to tobacco 

smoke is known to be significantly associated with TB 

infection and TB disease, independent of the effects of 

alcohol use, socioeconomic status and other factors 

[25]. Exposure to SHS is known to reduce the lung 

defense function increasing susceptibility to TB 

infection as well as decrease the treatment efficacy 

[26,27]. Exposure to SHS was also associated with 

delayed sputum smear conversion, persistent infectivity 

and relapse as well as increased risk of progression from 

LTBI to TB disease [28,29].  

Spending ≥ 8 hours per week with a known TB case 

at school “TB friend” was identified as another 

independent factor associated with the development of 

TB, in line with the previous literature. TB transmission 

is airborne through inhalation of infected nuclei. The 

risk of infection depends on the degree of exposure. 

People with pulmonary or laryngeal TB are most likely 

to transmit the bacteria as long as they are infectious (in 

the absence of effective treatment) to people they spend 

time with every day including family members, friends, 

coworkers and schoolmates “clusters in space and time” 

[30-32]. Early detection and immediate effective 

treatment can reduce the infectiousness and 

infectiousness duration of the TB cases. Reducing 

crowding conditions and improving the ventilation can 

also decrease the contact rate, although evidence is 

limited about the minimum standards of optimal 

ventilation in closed spaces for preventing TB 

transmission [32,33]. 
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TB family history was also identified as an 

independent risk factor in our study, in line with results 

of previous studies. TB has always been considered a 

“disease of close contact”, although nowadays 

transmission is more likely to happen outside the 

household in high-burden settings [33]. Therefore, 

some of the cases in this outbreak might have acquired 

the infection outside the school, for instance in their 

households, a hypothesis which has already been raised 

in the descriptive part of this study - Figure 1.  

Although cases with the same TB genotype may be 

involved in the same chain of transmission, the 

presence of a genotype cluster in this outbreak cannot 

be ruled out given the absence of available historical 

data in the community and the country. Further, 

genotyping is considered an imperfect tool for 

confirming transmission between patients as 24-locus 

MIRU only characterizes a portion of the M. 

tuberculosis genome. It is, therefore, possible for 2 

different strains to appear similar [32]. 

Novi Pazar has been a TB hot-spot city over the last 

half century [4,8,9]. Screening the household members 

and close contacts in congregated settings for LTBI and 

administration of preventive TB treatment, accordingly, 

remains an important prevention measure for halting 

TB transmission.  

 

Limitations 

Face to face administration of the questionnaire 

might have led to information bias, interfering with the 

information collected on the income status, smoking, 

alcohol consumption and hookah use, potentially 

related to social barriers and perception of stigma. We 

were not able to compare the MIRU genotyping results 

with genotyping profiles of other cases in Novi Pazar 

and Serbia since genetic analysis is not routinely 

performed. We did not perform an extensive social 

network investigation and analysis in other common 

places of exposure outside the school. Leisure and 

recreational settings were studied as transmission 

settings in previous TB outbreaks [33].  

Despite its limitations, our study provides evidence 

on the risk factors associated with a TB outbreak in a 

hot TB spot area in a low incidence country. The 

analytical study results are in agreement with the 

findings of the descriptive study. Delayed diagnosis and 

delayed reporting of the first cases resulted in delayed 

implementation of the active case finding. Not 

prioritizing “close contacts” in the active case finding 

and not identifying LTBI cases had potentially favored 

the occurrence of this high school outbreak. Further, our 

results point to a dual transmission path, inside and 

outside the school compatible with the known ongoing 

community-based TB transmission. 

 

Conclusions and Recommendations 
Delayed diagnosis and reporting resulted in delayed 

initiation of the contact investigation and non-

identification of latent TB cases probably favored the 

occurrence of this outbreak in a low incidence country.  

There is a need to increase awareness among public 

health professionals about the specificities of the close 

contact identification and management, and their 

potential impact on the TB epidemiology in Novi Pazar. 

There is also a need to increase awareness of the 

community and general public on the early suspicion, 

prevention and management of potential TB cases. It is 

important to revise existing guidelines on the 

identification and management of LTBI and update 

national TB prevention and control strategy using 

available scientific evidence, international expertise 

and national data with an emphasis on the inter-sectoral 

collaboration, human resources development and 

adapted previsions for the hot-spot areas.  
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