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Abstract: BaBackground: Latent tuberculosis infection (LTBI) has been changed to one of the
challenges of health care workers (HCWs) in low middle-income countries.
Method: Search strategies that were lead through Persian (national) databases include
SID, Barakat knowledge network system; Irandoc, Magiran; Iranian national library.
The international database was Web of science, Scopus, PubMed/MEDLINE, OVID,
EMBASE, the Cochrane library, and Google Scholar search engine. The Persian and
the English languages were used as the filter in national and international databases,
respectively. Searching was done through MeSH terms. The search terms were
conducted till January 01, 2019.
Results: The prevalence of LTBI in Iranian HCWs, based on the PPD test was (27.13%
[CI95%: 18.64-37.7]). The highest prevalence of LTBI in HCWs were estimated (41.4
% [CL95%: 25.4-59.5] in the north, and (33.8% [CI95%: 21.1-49.3]) in the west of Iran.
The lowest prevalence of LTBI was evaluated (18.2% [CI95%: 3.4-58.2]) in the south of
Iran. The prevalence of LTBI in HCWs who had work-experience more than 20 years
old were estimated (20.49% [CI95%: 11-34.97]). In the PPD test, the prevalence of
LTBI in HCWs who had received the Bacille Calmette–Guérin (BCG) was estimated
(15% [CI 95%: 3.6-47.73]). While, in the QFT, the prevalence of LTBI in HCWs in non-
vaccinated was estimated (25.71% [CI95%: 13.96-42.49]).
Conclusions: This meta-analysis shows the highest prevalence of LTBI in HCWs in the
north and the west of Iran due to neighboring countries like Azerbaijan and Iraq,
respectively. Hence, Iranian HCWs do not fully understand the isolation and personal
protection.  We also found that BCG was not able to protect Iranian HCWs from TB
infections, completely.
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Abstract: 27 

Background: Latent tuberculosis infection (LTBI) has been changed to one of the challenges 28 

of health care workers (HCWs) in low middle-income countries. 29 

Method: Search strategies that were  ntes eo hguo ht dael(leeahlen) seeeledtd alangst 30 

DIS, me e ee  lhontsut lteoh   dkdetB; I elsha, neua el; I elael leeahlen nal e k.  ot 31 

alet leeahlen seeelede was Web of science, Scopus, PubMed/MEDLINE, OVID, EMBASE, 32 

the Cochrane library, and Google Daohne  dte ao tlualt.  ot ht dael els eot slunado 33 

nelugeutd ot t gdts as the filter in national and international databases, respectively. 34 

Searching was done through MeSH terms. The search terms were conducted till January 01, 35 

2019.  36 

Results: The prevalence of LTBI in Iranian HCWs, based on the PPD test was (27.13% 37 

[CI95%: 18.64-37.7]). The highest prevalence of LTBI in HCWs were estimated (41.4 % 38 

[CL95%: 25.4-59.5] in the north, and (33.8% [CI95%: 21.1-49.3]) in the west of Iran. The 39 

lowest prevalence of LTBI was evaluated (18.2% [CI95%: 3.4-58.2]) in the south of Iran. 40 

The prevalence of LTBI in HCWs who had work-experience more than 20 years old were 41 

estimated (20.49% [CI95%: 11-34.97]). In the PPD test, the prevalence of LTBI in HCWs 42 

who had received the Bacille Calmette–Guérin (BCG) was estimated (15% [CI 95%: 3.6-43 

47.73]). While, in the QFT, the prevalence of LTBI in HCWs in non-vaccinated was 44 

estimated (25.71% [CI95%: 13.96-42.49]).  45 

Conclusions: This meta-analysis shows the highest prevalence of LTBI in HCWs in the north 46 

and the west of Iran due to neighboring countries like Azerbaijan and Iraq, respectively. 47 

Hence, Iranian HCWs do not fully understand the isolation and personal protection.  We also 48 

found that BCG was not able to protect Iranian HCWs from TB infections, completely. 49 

 50 

Keywords: Latent Tuberculosis; Health Personnel; Iran  51 
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1. Introduction: 52 

     Latent tuberculosis infection (LTBI) is an immune response to Mycobacterium 53 

tuberculosis (Mtb) antigens without symptoms of active tuberculosis (TB) [1].  Mtb is able to 54 

colonize inside the alveolar macrophages and finally form granuloma. Mtb is ingested by 55 

phagocytosis by resident alveolar macrophages and tissue dendritic cells (DC) [2, 3]. The 56 

immune cells contribute and the pathological mark of TB, the granuloma, is formed. In the 57 

granuloma, macrophages differentiate into epithelial cells or foamy macrophages, or fuse to 58 

form giant cells, and become surrounded by lymphocytes, fibroblasts and extracellular matrix 59 

proteins. In such conditions, the Mtb will be surviving until the granuloma fails due to 60 

immunosuppression [4, 5]. Mtb use the granuloma as they are effective at initial infection 61 

level since they recruit new macrophages to allow the spread of infection between host cells 62 

[6].  At this stage, the LTBI is formed in the patient’s body. 63 

      [7]. There are several reports of LTBI outbreaks in Iran; however, the highest prevalence 64 

of LTBI has been reported to be 82% in Sistan-Baluchistan province [8]. The risk of 65 

tuberculosis in health care workers (HCWs) is estimated to be twice as high  in the general 66 

population, in high-income countries, and five times higher than the general population in 67 

countries with a low and middle income [9, 10].  68 

In addition, one of the challenges in many countries is the transfer of tuberculosis from 69 

patients admitted to the hospital to HCWs [10]. Most importantly, the transfer of resistant 70 

Mycobacterium tuberculosis strains from admitted patients to HCWs has increased the 71 

importance of the subject [11].  72 

     According to the findings, direct exposure to HCWs in patients with tuberculosis, direct 73 

contact with phlegm specimens and blood products of suspected tuberculosis patients, and 74 

long hours of work in high-risk places increases  the risk of tuberculosis infection [12, 13]. 75 

This means that direct contact is one of the most important and worrisome factor in the 76 
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transmission of tuberculosis to HCWs [10-12, 14]. Work experience, age [15], occupational 77 

status [16], the use of personal protective equipment, ventilation, hospital Infection Control 78 

Unit and infection control in isolation rooms can affect LTBI outbreaks in HCWs [9-12]., T 79 

[17]. To diagnose LTBI, the Mantoux tuberculin skin test (TST) and QuantiFERON-TB Gold 80 

(QFT) are used [18]. Studies have shown that QFT has a higher sensitivity and specificity in 81 

detecting LTBI [19, 20]. However, some researchers believe that QFT is not superior to TST 82 

in detecting LTBI [21-23]. 83 

     The early detection of LTBI in controlling, treating and preventing Mtb is a key element 84 

in patients. So that preventive treatment can reduce the risk of active tuberculosis in patients 85 

by up to 90% [24]. So far, systematic review and meta-analysis has not been conducted to 86 

evaluate the prevalence and risk factors of LTBI among HCWs in Iran. In Iran, the Centers 87 

for Disease Control and Prevention (CDC) do not control the Mtb as a regular program, 88 

however, reports of LTBI outbreaks in HCWs attracts  a high controversy [25]. Due to the 89 

highest level of evidence and an essential role in evidence-based decision-making of meta-90 

analysis studies [26, 27], this study estimated the prevalence and risk factors of LTBI among 91 

HCWs in Iran which can have vital information for policy-makers and planning at the 92 

country level. 93 

  94 
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2. Materials and methods 95 

2.1. Study Protocol 96 

     This is the first study that was conducted based on the meta-analysis of observational 97 

studies according to epidemiology guidelines [27], and the PRISMA (Preferred Reporting 98 

Items for Systematic Reviews and Meta-Analyses) statement (S1 File) [28]. The study was 99 

achieved based on five steps; design els dte ao de eetuk; ahnntaealu h aualen e eacles; 100 

evaluating inclusion and tiangdahl a aet ae, els ialennk  genaeeeavt tvengeeahl els deeeadeaaen 101 

elenkdad hi seee.   oh alststlstle  tdte aot d(nM. KY& A.J) tvengeets eot seee.  ot 102 

sadeu ttBtled ot t dhnvts lk ahldtldgd lteottl eot eteB, els e leaetriologist (H.S.E).  103 

 ot  tvato s hehahn oed  tuadet ts al hRODhsRO :Ilet leeahlen h hdstaeavt Rtuadet  hi 104 

DkdetBeeaa Rtvatod ( https://www.crd.york.ac.uk/PROSPERO/) Identifier: 105 

CRD42018117682 [29, 30] (S2 File). 106 

2.2. Search strategy 107 

     In order to maximize its sensitivity, search strategy was ntes eo hguo dai  Persian 108 

(national) databases, including scientific information database 109 

(SID) (http://www.sid.ir/), me e ee  lhontsut lteoh   dkdetB 110 

(http://health.barakatkns.com), Iranian research aldeaeget ih  alih Beeahl daatlat els 111 

etaolhnhuk (I elSha) (https://irandoc.ac.ir), Magiran (http://www.magiran.com), Iranian 112 

national library (http://www.nlai.ir/). The international databases, including web of science, 113 

Scopus, PubMed/MEDLINE, OVID, EMBASE, the yhao elt nal e k (yhao elt Seeeledt 114 

hi DkdetBeeaa Rtvatod) ,els Ghhunt Daohne  dte ao tlualt.  ot ht dael els eot slunado 115 

nelugeutd ot t gdts ed eot ianetr in national and international databases, respectively.  ot 116 

dte ao et Bd ot t esesets eh alet leeahlen seeeledtd.  h dte ao a combination of 117 

words, mhhntel hst eeh d ( ANS & OR) ot t gdts.  Dte aoalu oed shlt eo hguo Btsaaen 118 

dgldtae otesalu (ntDM) et ms. The search terms were conducted without any time limitation 119 

https://www.crd.york.ac.uk/PROSPERO/
https://www.crd.york.ac.uk/PROSPERO/display_record.php?RecordID=117682
http://www.sid.ir/
http://www.sid.ir/
http://health.barakatkns.com/
https://irandoc.ac.ir/
https://irandoc.ac.ir/
http://www.magiran.com/
http://www.magiran.com/
http://www.nlai.ir/
http://www.nlai.ir/
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till January 01, 2019. The authors were then independently analyzed the 120 

manuscript contained in the title and abstract. For instance, PubMed search formula was 121 

provided in the appendix. 122 

2.3. Inclusion and exclusion criteria 123 

2.3.1. Inclusion criteria based on PICO (related to Evidence-Based Medicine) [31, 32] 124 

(1) Population: This study was  been concentrated on the population of HCWs with LTBI 125 

who were residents in the geographic regions of Nh eot l, Dhgeot l, sedet l, ntdet l, 126 

atlet , els aesaeen aaek hi I el. ;(2) Intervention: The exposure were the laboratory tests 127 

(Interferon-gamma (IFN-γ) release assay (IGRA), and tuberculin skin etded ( D )) hi ooaao 128 

ahlia Bts n mI eBhlu Mynd al I el. ;(3) Comparison:  A population  of HCWs who did 129 

not have signs of active TB disease and did not feel illness.; (4) Outcome: Estimate the 130 

overall prevalence and risk factors of LTBI infection among HCWs in I el. 131 

2.3.2. Exclusion criteria 132 

     Review articles, letters, editorial, case reports, conference papers, and comments were 133 

excluded. The studies of which did not have a focus on the prevalence of LTBI in Iranian 134 

HCWs, duplicated papers, non-English full papers, non-Persian full papers, and non-135 

assessable full-text papers were excluded. Likewise, the populations other than Iranian 136 

HCWs were excluded.  137 

2.4. Latent TB detection criteria 138 

2.4.1. The Mantoux tuberculin skin test (TST) 139 

     To the Mantoux tuberculin skin test (TST), purified protein derivative (0.1 Ml) is used 140 

[33-35], and the induration at TST site is measured 72 hours later. TST reaction of ≥ 5 mm of 141 

induration is classified as negative but is considered as positive in patients receiving 142 

corticosteroid or patients with Acquired Immunodeficiency Syndrome (AIDS), diabetes 143 
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mellitus, lymphoma, and leukemia. The induration of ≥10 mm is classified positive in; recent 144 

immigrants (< 5 years) from high-prevalence countries; residents and employees of high-risk 145 

congregate settings; mycobacteriology laboratory personnel; persons with clinical conditions 146 

that place them at high risk. The induration of ≥15 mm is considered positive in any person, 147 

including persons with no known risk factors for TB. Two-step testing methods were used 148 

for health care workers and nursing home residents [33-35].  149 

2.4.2. Interferon-gamma release assays  150 

     Interferon-gamma release assays (IGRAs) show how the immune system reacts to the 151 

Mycobacteria that cause TB [36]. The IGRA has been approved by the U.S. Food and Drug 152 

Administration (FDA). Positive IGRA means that the person has been infected with TB 153 

bacteria. Negative IGRA means that the person’s blood did not react to the test and that latent 154 

TB infection or TB disease is not likely. IGRA is the preferred method of TB infection 155 

testing for people who have received the Bacille Calmette–Guérin (BCG) [30, 36-39]. 156 

2.5. Selection of studies 157 

    During the selection stage, duplicated studies were removed by the EndNote™ software 158 

Ver. X9 (Clarivate Analytics company). In the skimming and screening stage, co-authors, 159 

journals, and publishing years were evaluated by two experts based on inclusion and 160 

exclusion criteria (the eligibility stage), independently. The disagreements between the two 161 

were resolved through an expert bacteriologist (Figure 1).  162 

Fig 1. A flow diagram (Stacked Venn) following the PRISMA (Depicted by MH-YK). 163 

2.6. Quality appraisal 164 

     In this stage, the irrelevant studies were excluded, and then the quality of each study was 165 

evaluated. To quality appraisal, the Newcastle-Ottawa Scale (NOS) checklist (S3 File)[40] 166 

was applied whichdetermined the quality of these studies based on three levels of scoring. 167 
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The score of five or less defined a poor quality study; the score of five or six distinguished as 168 

the medium quality study, and the score of seven or eight determined as the high-quality 169 

study. Finally, the medium to high-quality studies were included in the data analysis (Fig 1). 170 

Fig 1. A flow diagram (Stacked Venn) following the PRISMA (Depicted by MH-YK). 171 

2.7. Data extraction 172 

     The enter terms were author’s names, province, geographical regions, year of publishing, 173 

sample size,  eut ,utlst  ,oadeh k hi myG ,oadeh k hi tishdg t oaeo eglt agnhdad ,oadeh k hi 174 

eglt agnhdad sadtedt ,laboratory diagnosis tests, job experience, duration of employment, 175 

workplaces, single-step or two-step TST, and history of hospitalization. The author’s name, 176 

institution, and the journal name were blinded, and then data was  extracted through two 177 

researchers (MH.YK & A.J), alststlstlenk. Olnk ai ltatdde k, eot essaeahlen 178 

alih Beeahl/ eo seee oed ahnntaets lk sohlt aenn, Beanalu, or fax. 179 

2.8. Statistical analysis 180 

     ot s tventlat hi n mI al Mynd oas  considered as a binomial distribution probability, 181 

and the veriance was calculated by a binomial distribution. To evaluate  its  heterogeneity, 182 

the Cochran test (Q) and I² alsti ot t gdts [1, 41, 42].  The subgroup analysis was  183 

performed based on province, single-step or eoh-dets  D , nelh eeh k saeulhdad etded, dhl, 184 

utlst , oadeh k hi  m sadtedt, oadeh k hi  m tishdg t, oadeh k hi myG, els uthu esoaaen 185 

 tuahld. Sensitivity analysis was also achieved to evaluate the impact of each study, based on 186 

the results of the overall prevalence of LTBI in Iranian HCWs. The Begg's test and Egger's 187 

test were carried out using a iglltn snhe eh tieBalt sglnaaeeahl laed. Seee elenkdad oed 188 

examined  by the Comprehensive Meta-Analysis  Vt  .2 (sluntohhs ,NJ 07631, ADA)) ,els 189 

level of significance was considered as p<0.05.  190 
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3. Results: 191 

3.1. Study characteristics and methodological quality 192 

In the primary search of study, 421 studies were found. After skimming and screening, 20 193 

(4.75%) studies were eligible according to inclusions and exclusions criteria [43-62]. The 194 

total sample size was calculated 6453 Iranian HCWs (Fig 1) (S1 Table.) 195 

Fig 1. A flow diagram (Stacked Venn) following the PRISMA (Depicted by MH-YK). 196 

3.2. The overall prevalence LTBI in HCWs 197 

The prevalence of LTBI in HCWs, based on the PPD test (48 hours) was (27.13% [CI95%: 198 

18.64-37.7]) (Fig 2), and based on the QFT test was (16.92% [CI95%: 9.7-27.84]) (Fig 3). 199 

The prevalence of LTBI was estimated (12.11% [CI95%: 4.53-28.57]) in Iranian HCWs who 200 

had negative TST reaction (48 hours) in the first week (Fig 4).  The prevalence of induration 201 

at TST site (48 h) was estimated <4 mm in (43.74% [CI 95%: 28.19-60.63]), 5-9 mm in 202 

(17.52% [CI 95%: 9.73-29.5]), 10-15 mm in (14.55% [CI 95%: 8.87-22.93]) and >15 mm in 203 

(13.4% [CI 95%: 8.59-20.31]) (S1 Fig). 204 

Fig 2. The prevalence subgroup analysis (Forest plot - Random effect model) based on 205 

TST/PPD induration diameter (48 hrs.) in HCWs with LTBI. 206 

Fig 3. The prevalence subgroup analysis (Forest plot - Random effect model) based on QFT 207 

in HCWs with LTBI. 208 

Fig 4. The prevalence subgroup analysis (Forest plot - Random effect model) based on 209 

TST/PPD induration diameter after one week in HCWs with LTBI. 210 

3.3. The prevalence of LTBI in Iranian HCWs based on geographical region of Iran 211 

 The highest prevalence of LTBI in HCWs was estimated (41.4 % [CL95%: 25.4-59.5] in 212 

the north, and (33.8% [CI95%: 21.1-49.3]) in the west of Iran. The lowest prevalence of 213 

LTBI was evaluated (18.2% [CI95%: 3.4-58.2]) in the south of Iran. These results showed a 214 
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significant relationship between LTBI prevalence in HCWs and the geographic location in 215 

Iran (p <0.0001) (S2 Fig) (Fig 5). 216 

Fig 5.  Distribution of LTBI in Iranian HCWs based on geographical classification (Random 217 

effect model). 218 

3.4. Sensitivity analysis and cumulative meta-analysis  219 

 Sensitivity analysis of prevalence of LTBI in Iranian HCWs was estimated with a 95% 220 

confidence interval. It showed that there is no significant effect on the overall prevalence of 221 

LTBI in Iranian HCWs (Fig 6). The overall prevalence of LTBI in Iranian HCWs based on 222 

the publication year was estimated by cumulative meta-analysis and represented in (S3 Fig). 223 

Fig 6. Sensitivity analysis to prevalence of LTBI in Iranian HCWs (one study removed test) 224 

3.5. Meta-regression 225 

     The prevalence of publishing manuscripts about identification of LTBI in HCWs by the 226 

PPD test (48 hours), has decreased in Iran. There was however no significant relationship. 227 

(Mixed effects regression (Method of moments); Slope = -0.1898(SE = 0.068, (95% CI: -228 

0.323– -0.056)), Intercept = 381.14 (SE = 137.43, (95% CI: 111.78–650.5)), P = 0.10653) 229 

(Fig 7). 230 

Fig 7.  Meta-regression of LTBI in Iranian HCWs according to publishing year of studies 231 

(method of moments). 232 

3.6. The prevalence of LTBI in HCWs based on term of employment 233 

     The prevalence of LTBI in Iranian HCWs with more than 10 years old work-experience 234 

was evaluated 51%. The prevalence of LTBI in HCWs with less than 10 years old work-235 

experience was estimated 29.30% in the PPD test. The prevalence of LTBI in HCWs with 236 

more than 20 years old work-experience was calculated (20.49% [CI95%: 11-34.97]), which 237 
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showed a significant relationship between the term of employment in QFT (P <0.0001) (S4 238 

Fig). 239 

3.7. The prevalence of LTBI in Iranian HCWs based on occupation and wards 240 

     The prevalence of LTBI in assistant nurses was estimated 45.76% [CI 95%: 33.51-58.55], 241 

in physicians was evaluated 44.99% [CI95%: 33.37-57.17], in ward nurses was calculated 242 

39.4% [CI95%: 17.63-66.39], and in service workers was estimated 36.43% [CI95%: 19.51-243 

57.53] based on PPD test. The prevalence of LTBI in both nurses and TB service workers 244 

was higher than other occupations based on QFT (Fig 8).  245 

Fig 8.  The prevalence subgroup analysis of occupational (Forest plot - Random effect 246 

model) based on PPD (A), and QFT (B) in HCWs with LTBI. 247 

     The prevalence of LTBI in the infectious ward was estimated (52.09% [CI95%: 43.92-248 

60.14]), and in the internal ward was evaluated (50% [CI95%: 34.22-65.78]. The lowest 249 

prevalence of LTBI was estimated in the infectious wards based on QFT. There was a 250 

significant relationship between the prevalence of LTBI in HCWs, and hospital wards (p 251 

<0.0001) (Fig 9). 252 

Fig 9.  The prevalence subgroup analysis of ward (Forest plot - Random effect model) base 253 

on PPD (A), and QFT (B) in HCWs with LTBI. 254 

3.8. The prevalence of LTBI in HCWs based on gender and age 255 

     The prevalence of LTBI was estimated at 42.16% [CI95%: 26.41-59.69] in male Iranian 256 

HCWs based on the PPD test. The prevalence of LTBI in Iranian HCWs and type of gender 257 

based on PPD test (P <0.051). In QFT, however, a significant relationship was showed 258 

between the prevalence of LTBI in HCWs, and the gender (P <0.0001) (S5 Fig).  259 

The prevalence of LTBI in HCWs who were more than 40 years old was estimated 44% [CI 260 

95%: 26.47-63.16] in the PPD test. 261 
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     The prevalence of LTBI in Iranian HCWs aged  30 years old was estimated 22.52% [CI95 262 

%: 3.7-68.34] in the QFT. In both PPD test and QFT, it was evaluated that there was no 263 

significant relationship between the prevalence of LTBI in HCWs, and age of HCWs (P 264 

<0.0001) (S6 Fig). 265 

3.9. The prevalence of LTBI in HCWs based on the history of tuberculosis contact and 266 

the tuberculosis clinical symptoms 267 

     The results showed that 30.15% [CI 95%: 11-60.13] of Iranian HCWs directly contacted 268 

to patients with tuberculosis.  The results also showed that 6.9% [CI 95%: 2.36-18.55] of 269 

Iranian HCWs had active tuberculosis symptoms (S7-8 Fig). 270 

3.10. The prevalence of LTBI in HCWs based on the “BCG”  271 

     The prevalence of LTBI in Iranian HCWs who received the BCG was estimated (15% [CI 272 

95%: 3.6-47.73]) based on the PPD test. While the prevalence of LTBI in Iranian HCWs who 273 

did not receive the BCG was estimated at 25.71% [CI95%: 13.96-42.49] based on the QFT. 274 

In both PPD, and QFT, there was a significant relationship between those who did and those 275 

who did not receive the vaccine (S9 Fig).  276 

3.11. Publication bias 277 

     The publication bias in this study was evaluated by Begg's and Egger's tests.  The 278 

publication bias by Begg's test was calculated 0.06, and the Egger's test was calculated 0.028. 279 

The probability of the publication bias in this study was significant (S10 Fig).  280 
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4. Discussion: 281 

     This study is the first systematic review and meta-analysis of latent tuberculosis outbreak 282 

(LTBI) been carried out in health care workers (HCWs) in Iran. According to results of the 283 

current meta-analysis, the prevalence of LTBI in HCWs in Iran is estimated at 27.1% [1]. 284 

Among the low- and middle-income countries, the prevalence of LTBI in Kenya [63], 285 

Zimbabwe [64], Russia [65], Brazil [66], Vietnam [67], Rwanda [68], China [69] and South 286 

Africa [70] has been higher than in Iran [1]. The prevalence of LTBI in HCWs Italy [71], 287 

Norway [72] and India [73] is reported to be equal to or less than Iran. Iran is a TB endemic 288 

country [25] and the treatment of latent tuberculosis is usually done by using a single 289 

medicine and only in high risk groups [74]. While in high-income countries, screening of 290 

pulmonary and lab staffs is recommended annually [75]. Also, based on the prevalence of 291 

LTBI in Iranian HCWs, it could be seen that Iranian HCWs training is not sufficient in 292 

confronting a patient with tuberculosis [25]. Hence, Iranian HCWs do not fully understand 293 

isolation and personal protection [25]. 294 

      According to the results of meta-analysis, the lowest prevalence of LTBI in HCWs was in 295 

southern Iran (18.2%). The highest prevalence of LTBI in HCWs was reported in northern 296 

and western Iran. The high prevalence of LTBI in HCWs may be due to neighboring 297 

Azerbaijan and Iraq [76]. 298 

Azerbaijan which is listed on the high burden countries has high prevalence of multidrug 299 

resistance MTB [76-78]. In fact, the northern neighbors of Iran, such as Kazakhstan, 300 

Azerbaijan, are among the high burden countries with a high prevalence of multi-drug 301 

resistant tuberculosis [80]. 302 

On the other hands, the name of the country's western neighbor of Iran –Iraq- is not listed on 303 

the high burden countries [76-78] but according to reports from Ministry of Health - Iran 304 

Center for Medical Education and Treatment, Infectious Disease Control Center- the Iraqi 305 
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state may have become a high-risk source for tuberculosis after  undergoing  its recent  crisis 306 

[79, 80]. 307 

     The current study showed that 15.5% of the HCWs used before the BCG with at least a 308 

positive PPD test. According to studies, BCG does not protect adults from getting infected 309 

with tuberculosis, so the positive results of tuberculin testing in people vaccinated with BCG 310 

will be considered as a latent infection [81]. In other words, previous vaccination with BCG 311 

prevents tuberculin testing [82]. This may be due to a false positive reaction in PPD [25]. 312 

Some HCWs may respond to skin tests without being infected with mycobacterium [83]. The 313 

reason for these false-positive reactions may be due to contamination with non-tuberculosis 314 

mycobacterium, previous BCG, poor test performance or inappropriate interpretation of the 315 

test [83]. 316 

5. Limitations 317 

     Information about this meta-analysis was extracted from data published in Iranian 318 

databases as there was no access to the actual information of the control center of the 319 

Ministry of Health and Medical Education, so the exact prevalence of LTBI in HCWs could 320 

not be calculated. 321 

Selection bias is able to limit the generalization of these findings because the type of bacteria 322 

strains in a country could be different with the other countries and could be related to descent 323 

diversities. 324 

     On the other hands, patients may not respond to skin test tuberculosis, even if they are 325 

infected with Mycobacterium. It may be due to skin allergies, recent infections (recent 326 

contact for 8 to 10 weeks), chronic infection, recent vaccinations with live viruses, advanced 327 

tuberculosis, some viral diseases (measles and bile), misdiagnosis skin or incorrect 328 

interpretation of the reaction. Patients may also respond to skin tests, even without being 329 

infected with Mycobacterium. The reason for these reactions may be due to contamination 330 
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with non-tuberculosis Mycobacterium, previous BCG, inappropriate test run or inappropriate 331 

interpretation of the test. 332 

     Despite the fact that the CDC updates the guidelines for the prevention and  transmission 333 

of M. tuberculosis in health-care settings annually, the protocol for HCWs in Iran has not yet 334 

been prepared. Also, workshops could be developed to train tuberculosis prevention and self-335 

care HCWs in the western regions of the Iran. 336 

     National databases are not sensitive to operators “AND” and “OR” to search for the 337 

combinations. Also, some databases were not fully accessible because of using Guilan 338 

University of Medical Sciences’ - Iran Ministry of Health & Medical Education- VPN. 339 

6. Conclusion 340 

      This meta-analysis showed the prevalence of LTBI in HCWs in Iran and  estimated at 341 

27.1%. The prevalence of LTBI in HCWs of Italy, Norway and India is reported to be equal 342 

to or less than HCWs of Iran. On the other hand, the highest prevalence of LTBI in HCWs in 343 

the north and the west of Iran may due to neighboring with Azerbaijan and Iraq which has 344 

become a high-risk source for tuberculosis by overcoming its recent years of crisis. 345 

Meanwhile, HCWs training is not sufficient in confronting a patient with tuberculosis, in 346 

Iran. Hence, Iranian HCWs do not fully understand the isolation and personal protection.  We 347 

also found that BCG was not able to protect Iranian HCWs from TB infectious, completely. 348 
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