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A B S T R A C T

Introduction: Migrants in the Middle East and North Africa (MENA) region face an increased tuberculosis (TB) risk 
due to socioeconomic and structural barriers. This systematic review synthesises evidence on TB burden, clinical 
outcomes, and epidemiological characteristics among migrants in MENA.
Methods: We searched six electronic databases and grey literature sources for studies published between 2000 
and September 2024 in any language. Eligible studies reported primary data on TB prevalence, incidence, 
treatment outcomes, and clinical or epidemiological features in migrants. Pooled estimates were calculated using 
DerSimonian & Laird’s random-effects model where applicable or narratively synthesised.
Results: Of the 779 records identified, we included 57 studies, comprising 95,190 TB cases and 3,532,359 mi
grants across 12 MENA countries. TB incidence was consistently higher in migrants than non-migrants 
(26.7–69.8/100,000 vs. 11.5–16.8/100,000). Migrants had lower TB-related mortality (pooled OR 0.8, 95 % 
CI 0.7–0.9; I2 

= 2.9 %), however, treatment success rates were consistently below the WHO-recommended 90 % 
threshold. Migrant TB patients were younger (mean age difference: 12.8 years; 95 % CI 8.8–16.0; I2 = 86.5 %) 
and predominantly male (sex ratio: 1:5). Drug-resistant TB was more common among migrants, though this was 
not always statistically significant (multi-drug-resistant TB: pooled OR 1.2; 95 % CI 0.9–1.6; I2 

= 40.2 %), while 
extrapulmonary TB was more prevalent among non-migrants (33.4–83.4 % vs. 16.6–72.9 %).
Conclusion: Migrants in MENA region experience disproportionate TB burden and poorer treatment outcomes, 
underscoring the need for targeted interventions. Enhanced data, especially from North Africa, is essential to 
support regional TB elimination aligned with World Health Organization and Sustainable Development Goals.

1. Introduction

The Middle East and North African (MENA) region has seen a dra
matic increase in its migrant population over the last four decades, with 

current estimates exceeding 40 million [1,2]. This demographic shift is 
most pronounced in Gulf Cooperation Council (GCC) states such as the 
United Arab Emirates (UAE), where migrants constitute 89 % of the total 
population – one of the highest proportional migrant concentrations 
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globally[3–5]. However, migrant demographics vary considerably 
within the region. In GCC states, most migrants are foreign labourers 
primarily from Asia, followed by other Arab nations, with a growing 
presence from East Africa [3]. Conversely, in Jordan, Lebanon, and 
North African nations like Egypt, Tunisia and Morocco, forced 
displacement accounts for a substantial proportion of migrants, 
including refugees and asylum seekers [2,6]. In this regard, North Af
rican states have emerged as critical transit hubs for Sub-Saharan Afri
can migrants traversing the Sahara Desert in pursuit of reaching Europe 
[6]. Recent geopolitical crises, including the mass displacement of over 
1.7 million individuals in Gaza and the ongoing armed conflict in Sudan, 
suggest that migration flows are likely to intensify further [7].

Tuberculosis (TB) remains a critical global health concern, with over 
10 million new cases annually [8]. More than 90 % of the TB burden is 
concentrated in low- and middle-income countries [9,10]. Migrants are 
disproportionately affected due to multifaceted risk factors encountered 
before, during, and after migration [11]. A 2019 systematic review 
found that in several European and American countries, foreign-born 
individuals accounted for over 50 % of new TB cases [12]. Addition
ally, a study conducted in England reported that migrants had an 
8.6-fold higher odds of TB compared to non-migrants (95 % confidence 
intervals (CI) 7.9–9.3) [13]. Furthermore, healthcare barriers experi
enced by migrants can cause diagnostic delays, which in turn can lead to 
poorer health outcomes [14–16]. A global meta-analysis found that the 
standardised mortality rate from TB was six times higher than that of the 
general population (95 % CI 3.0–11.7, based only on European studies) 
[17]. In the United Kingdom (UK), successful treatment rates among 
migrants (72.3 %) lagged behind both non-migrant patients (adjusted 
odds ratio (OR) 0.29, 95 % CI 0.08–1.01) and the World Health Orga
nization’s (WHO) 90 % target [18]. Importantly, multi-drug-resistant TB 
(MDR-TB) – a critical global concern due to its severe health and eco
nomic impacts – is more prevalent among migrants than non-migrants 
[12,19]. In response, the ’WHO’s End TB Strategy identifies migrants 
as a priority group focus in achieving global elimination targets [20].

Despite the MENA region’s significant migration flows and the 
recognition of migrants as a priority group for TB control, research in the 
region has predominantly focused on general populations. TB is endemic 
across all MENA countries, yet incidence rates vary widely from fewer 
than 24 cases per 100,000 in GCC states to over 50 per 100,000 in parts 
of North Africa [21]. Crucially, the contribution of migrants to these 
epidemiological patterns remains poorly understood. The distinct 
burden, epidemiological and clinical characteristics, and treatment 
outcomes of TB among MENA’s migrant populations have been largely 
overlooked, limiting the ability to identify disparities between migrant 
and non-migrant groups. This knowledge gap undermines efforts to 
design targeted interventions, allocate resources equitably, and advance 
the WHO End TB Strategy [20,22]. Without evidence on how migration 
patterns intersect with TB risk in the MENA region, policies risk 
perpetuating disparities. To address this, we conducted a systematic 
review to synthesise available evidence on (1) the burden, (2) clinical 
outcomes, and (3) epidemiological and clinical characteristics of TB 
among migrants compared to non-migrants in the region.

2. Methods

This systematic review is reported according to PRISMA 2020 
guidelines (see Annex 1) and the protocol is registered on PROSPERO 
(CRD42023433556) [23]. It is part of a wider suite of systematic reviews 
synthesising the literature on multiple diseases in migrant populations in 
the MENA region; the protocol of which has also been published [24].

2.1. Search strategy and selection criteria

We searched six electronic databases (Medline, Embase, Web of 
Science, CINAHL (Ebsco), Index Medicus for the Eastern Mediterranean 
Region, and QScience) to identify articles reporting on (1) the burden, 

(2) clinical outcomes, and (3) epidemiological and clinical characteris
tics of TB among migrants in the MENA region from 2000 to September 
2024, without language restrictions. The search was restricted to studies 
published from 2000 onward to ensure findings are relevant to current 
migrant flows and infection rates. We combined three sets of free-text 
and medical subject headings (MeSH) related to migrants, MENA 
countries, and TB terms. In addition, we extensively searched grey 
literature via the following relevant international and national websites 
and Google Scholar: World Health Organization, International Organi
zation for Migration, United Nations High Commissioner for Refugees, 
and the United Nations Department of Economic and Social Affairs, 
Médecins Sans Frontières, the Commission of Refugee, and Ministry of 
Health websites for each country included in the MENA region. We also 
reference-checked all included studies and relevant systematic reviews, 
and reviewed included studies with experts for further references (See 
Annex 2 for the search strategy).

We included cohort, cross-sectional, and case-control studies 
reporting on (1) the burden, (2) clinical outcomes, including treatment 
success and mortality, and (3) epidemiological and clinical character
istics of TB, including drug resistance, form of TB, sex, and age, among 
migrant populations in the MENA region. We also included data from 
baseline characteristics or control groups of trial studies, where appro
priate. We adopted the International Organization for Migration (IOM) 
definitions (Box 1) for “migrant” and “MENA region” [5]. We excluded 
studies where data on migrants could not be separated from non-migrant 
populations. Records were imported into Rayyan and deduplicated [25]. 
Two reviewers (TM and EE) independently screened the titles, abstracts, 
and full texts of the studies. Disagreements were discussed with a third 
reviewer (FS).

2.2. Data extraction

Two reviewers (TM and EE) independently extracted relevant data 
using a predefined and piloted Excel sheet. This included study char
acteristics (e.g., location, year of the study, study design), socio- 
demographic characteristics of the study population (e.g., origin, age, 
sex, status, occupation), outcomes and definitions, and results (e.g., 
burden – prevalence, incidence; clinical characteristics – pulmonary TB 
(PTB), extra-pulmonary TB (EPTB), drug resistance; clinical outcomes – 
treatment outcomes, mortality). Where studies reported both adjusted 
and unadjusted analyses, we prioritised adjusted analyses and calcu
lated any missing statistical parameters, including uncertainty measures 
(e.g., 95 % CI), if data permitted. A third reviewer (FS) provided arbi
tration in cases of discrepancies.

2.3. Quality assessment

Two independent authors (TM and EE) assessed the quality of 
included studies using the appropriate Joanna Briggs Institute (JBI) tool, 
based on study design for peer-reviewed studies [26], and the ACCODS 
checklist for grey literature documents [27]. In cases of disagreement, a 
third reviewer (FS) was consulted. Quality scores were calculated as the 
ratio of affirmative responses to the maximum number of applicable 
questions. Studies having a score of 80–100 % were considered high 
quality, 60–79 % medium quality, and 0–59 % low quality. Studies were 
not excluded based on their quality; however, the results of quality as
sessments informed the analysis and discussion.

2.4. Data synthesis

When meta-analyses were possible, a random-effects model was 
applied for a proportional meta-analysis for each outcome separately 
using the Microsoft Excel add-in for meta-analysis (MetaXL, version 5.3) 
[28] and OpenMeta [Analyst] (Center for Evidence Synthesis in 
Health-School of Public Health, Brown University, Rhode Island, USA) 
[29], given the anticipated heterogeneity in study methodologies and 
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settings. Heterogeneity among studies was assessed by inspecting forest 
plots, using chi-squared test for heterogeneity with a 10 % statistical 
significance, and using the I2 statistic. To further investigate heteroge
neity, sensitivity analyses were conducted based on TB type and location 
to analyse clinical differences, and on per-protocol subgroups (study 
period, study setting, and geographic region) to examine methodolog
ical variations. When meta-analysis was not possible due to high het
erogeneity or limited number of studies, a narrative synthesis was 
conducted. Data were displayed in tables and figures to provide a 
structured summary of evidence.

3. Results

3.1. General characteristics of studies

We identified a total of 779 unique records, and after abstract and 
full-text screening, 57 studies were included comprising 95,190 TB 
cases. Twenty-eight full texts were excluded because there were no 
disaggregated data for migrants, eight because the data were collected 
before 2000, and seven because full-texts were unavailable, two of those 

are poster (Fig. 1). Of the 57 included studies, twenty were conducted in 
Saudi Arabia [30–49], nine in Oman [50–58], eight in Lebanon [59–66], 
five in Qatar [67–71], three in Libya [72–74] and the rest in other 
Middle Eastern (ME) countries. All but six of the included studies were 
retrospective cross-sectional in design. The remaining studies consisted 
of two qualitative studies, one prevalence study, one case-control study, 
one quasi-experimental study, and one archived national report. All 
three of the studies in North Africa (Libya) were found in grey literature 
searches as they were published in journals not indexed in major in
ternational scientific databases. Data within the studies were sourced 
from national surveillance (51.9 % of cases, n = 28), regional surveil
lance (22.2 % of cases, n = 12), and hospital or primary care registers 
(25.9 % of cases, n = 14). Definitions of migrants varied across studies: 
Most classified them as “non-nationals” (n = 25), “expatriates”/“mi
grant workers” (n = 18), or “foreigners” (n = 4); seven studies focused 
on refugees, asylum seekers, or internally displaced people (IDPs). 
Thirty-seven studies reported data on all TB forms, eight on EPTB, six on 
PTB, and three on latent TB infection (Table 1).

Box 1
International Organization for Migration definitions

Migrant: The term migrant refers to a person who moves away from his or her usual residence, whether within a country or across an inter
national border, temporarily or permanently, and for various reasons. The term includes refugees, asylum seekers, migrant workers, and 
internally displaced people.

MENA region: The region comprises the countries of Algeria, Bahrain, Egypt, Iraq, Jordan, Kuwait, Lebanon, Libya, Morocco, Occupied Pal
estinian Territories, Oman, Qatar, Saudi Arabia, Sudan, Syrian Arab Republic, Tunisia, United Arab Emirates, and Yemen.

Fig. 1. PRISMA flowchart.
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Table 1 
Characteristics of the studies included in the systematic review.

Study, year, country study setting Study design Study period Study population TB Forms Outcomes

AKHTAR S. 2008, 
Kuwait [76]

National TB 
program

Cross-sectional Jan 1997–Dec 
2006

Screening: Expatriates applying for 
visa 
2328582 migrants

PTB PTB prevalence 
4608 expatriates

AL SHAMY AS. 2008, 
Kuwait [85]

Health 
Structure

Cross-sectional Jan 1996–Dec 
2005

Hospitalised patients 
31 expatriates; 03 nationals

Miliary TB TB Clinical characteristics

MOKADDAS A.2008, 
Kuwait [80]

National TB 
program

Cross-sectional Jan 1996–Dec 
2005

TB cases 
4482 expatriates; 917 nationals

All TB types TB Drug resistance 
589 expatriates; 84 nationals

LOHINIVIA A. 2016 
Egypt [96]

Health 
Structure

Qualitative Sep–Dec 2011 TB Patients; 22 non-nationals All TB types TB treatment adherence

MAISA A. 2020, Qatar 
[71]

National TB 
program

Cross-sectional Jan 2010–Mar 
2015

TB cases 
3199 expatriates; 102 nationals

All TB types TB Drug resistance 
219 expatriates; 4 nationals

ZAHID M. 2020, Qatar 
[67]

Health 
Structure

Cross-sectional Jan 2016–dec 
2019

TB Patients hospitalised 
99 expatriates; 01 national

Pleural 
effusion TB

TB Clinical characteristics

IMAM Y. 2015, Qatar 
[68]

Health 
Structure

Cross-sectional Jan 2006–Dec 
2012

TB Patients hospitalised 
78 expatriates; 02 nationals

Meningitis TB TB Clinical characteristics

AL MARRI M. 2012, 
Qatar [69]

National TB 
program

Cross-sectional Jan 1998–Dec 
2004

TB cases 
247 expatriates; 59 nationals

PTB Sensitivity of TB test: 
8 % false negative TST 
expatriates 
17 % false negative TST 
nationals

KHAN FY. 2009, Qatar 
[70]

Health 
Structure

Cross-sectional 2005 TB Patients hospitalised 
59 non-nationals; 6 nationals

Pleural 
effusion TB

TB Clinical characteristics

AL HOSANI F. 2013, 
UAE [78]

National TB 
program

Cross-sectional Jan–Dec 2010 screening: Expatriates applying for 
visas 
948504 expatriates

PTB PTB prevalence 
1925 expatriates

AL-ZAROUNI M. 2010, 
UAE [79]

Health 
Structure

Cross-sectional Jan 2004–Sep 
2008

TB patients 
198 expatriates; 51 nationals

All TB types TB Multi-Drug Resistance 
13 expatriates; 02 nationals

HOSTEN E. 2018 
Jordan [83]

National TB 
program

Cross-sectional Jan 2011–May 
2014

contact of TB cases 
481 refugees

All TB types TB incidence (10 refugees)

COOKSON ST. 2015, 
Jordan [106]

Regional TB 
program

Quasi 
experimental

Jul 2013–Jun 
2014

screening: Population at risk 
69000 refugees

LTBI TB incidence

BOHLER M. 2005, 
Sudan [82]

Regional TB 
program

Case-control 2000 TB patients 
295 internal displaced; 154 settled

PTB TB treatment outcomes 
160 IDP cured; 60 settled cured

LEGESSE T. 2021, 
Sudan [81]

Regional TB 
program

Cohort 2014–2017 refugee living in a camp All TB types TB prevalence; 710 refugees

JAWAD JS. 2014, 
Bahrain [75]

Regional TB 
program

Cross-sectional 2000–2006 TB cases 
1138 expatriates; 446 nationals

All TB types TB Clinical characteristics 
744 expatriates; 235 nationals

ALKHAWAJA S. 2012, 
Bahrain [84]

Regional TB 
program

Cross-sectional Jan 2004–Dec 
2008

TB Patients 
1056 non-nationals; 339 nationals

All TB types TB Clinical characteristics 
699 non-nationals; 151 nationals

Ministry of Health. 
2021, Lebanon [66]

National TB 
program

report 2007–2021 TB patients: 
8994 notified TB cases: 4329 non- 
nationals; 4665 nationals

All TB types TB epidemiological 
characteristics

KABBANI M. 2021, 
Lebanon [63]

National TB 
program

Cross-sectional 2012–2016 TB patients 
312 TB cases

All TB types Risk factors associated with TB 
trend over time

O’SON L. 2020, 
Lebanon [61]

National TB 
program

Cross-sectional 2011–2015 TB patients 
1543 non-nationals; 1600 nationals

All TB types TB Clinical characteristics PTB: 
493 non-nationals; 347 nationals

ISMAIL MB, 2020 
Lebanon [62]

Health 
Structure

Cross-sectional Aug–Dec 2019 Screening: 87 refugees with diabetes LTBI TB prevalence 
17 cases

AL-Achkar. 2019, 
Lebanon [59]

National TB 
program

Cross-sectional June 2016–May 
2017

TB patients: 284 overall All TB types TB 2nd line drug susceptibility 
testing 
250 cases: 180 non-Lebanese, 80 
Lebanese

ARAJ GF. 2016, 
Lebanon [64]

National TB 
program

Cross-sectional 1999–2013 TB patients: 7548 overall All TB types TB trend over time

BOYD AT. 2019, 
Lebanon, Jordan [60]

National TB 
program

Cross-sectional 2013–2015 TB cases reported to the national TB 
program: 2079 non-nationals; 2283 
nationals

All TB types TB Clinical characteristics

ISMAIL MB, 2018 
Lebanon, Jordan [65]

National TB 
program

Cross-sectional 2011–2015 TB cases reported to national TB 
program 
Jordan: 591 foreign-born; 533 natives 
Lebanon: 353 foreign-born; 297 
natives

All TB types TB Clinical characteristics

AL-MAHROUQI S. 
2022, Oman [52]

National TB 
program

Cross-sectional 2009–2018 TB Patients 
1198 Foreigners; 1341 nationals

All TB types TB trend over time

AL-MAHROUQI S. 
2022, Oman [50]

National TB 
program

Cross-sectional 2009–2018 TB patients 
1198 expatriates; 1341 nationals

All TB types TB Drug resistance 
176 expatriates; 163 nationals

SINGH J. 2022, Oman 
[57]

National TB 
program

Cross-sectional 2018–2020 Screening of expatriates applying for 
visas applying: 501290

PTB TB cases 
53 expatriates

ALYAQUOBI F. 2020, 
Oman [51]

Regional TB 
program

Cross-sectional 1981–2018 screening: Expatriates applying for 
visas 
1049

All TB types TB prevalence 
234 migrants

YAQUOBI FA. 2018, 
Oman [58]

National TB 
program

Cross-sectional 2016 TB patients 
154 foreign-born; 190 natives

All TB types TB Clinical characteristics

(continued on next page)
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3.2. Methodological quality

The overall quality of the included studies ranged from low to 
moderate overall, with a median quality score of 75 %. Ten cross- 
sectional studies (21.3 %) were rated as high quality across all do
mains. Domains with the highest risk of bias pertained to confounding: 
24 studies did not identify confounding variables where applicable, and 
only 11 studies described how confounding variables were addressed 
(see Annex 3).

For qualitative studies (n = 2), the quality score was 70 % for each; 
domains with the highest risk of bias pertained to the acknowledgment 
and management of the reciprocal influence between the researcher and 
the research process. The quasi-experimental, case-control, and 

prevalence studies were scored 55 %, 65 %, and 60 % respectively. The 
primary limitations were associated with sampling methodologies and 
the control process. Finally, the grey literature report achieved a quality 
score of 40 % based on AACODS parameters. The main constraints were 
related to the lack of information about the individual author, accuracy, 
and significance.

3.3. Burden of TB

Six studies conducted across five countries reported the prevalence 
and incidence of TB among migrant populations [33,36,52,60,64,75]. 
Prevalence estimates varied widely from 5.8/100,000 in Oman [52] to 
22.4/100,000 in Lebanon [64]. Three of these studies conducted in 

Table 1 (continued )

Study, year, country study setting Study design Study period Study population TB Forms Outcomes

GAIFER Z. 2017 
Oman [54]

Health 
Structure

Cross-sectional Aug 2006–Dec 
2015

TB cases: 260 EPTB risk factors related to EPTB

Al-Maniri A. 2010 
Oman [53]

Health 
Structure

Qualitative NR HC workers: 17 All TB types TB control challenges

AL-MANIRI A. 2010, 
Oman [55]

National TB 
program

Cross-sectional 2005–2007 Spoligotyped isolates 
81 immigrants; 231 nationals

All TB types TB microbiologic characteristics

AL-MANIRI A. 2007, 
Oman [56]

National TB 
program

Cross-sectional 1981–2005 TB cases reported to the national 
program 
2433 non-nationals; 9093 nationals

All TB types TB Clinical characteristics

EL-MASRY OS. 2022, 
Saudi Arabia [35]

National TB 
program

Cross-sectional 2018 TB patients 
1452 non-nationals; 1091 nationals

PTB TB Clinical characteristics

SEMILAN HM. 2021, 
Saudi Arabia [38]

Regional TB 
program

Cross-sectional Jun–Sept 2018 TB patients 
720 non-nationals; 416 nationals

All TB types TB Clinical characteristics

AL-HAYANI A. 2021, 
Saudi Arabia [45]

Regional TB 
program

Cross-sectional Jan 2016–sep 
2020

TB cases reported: 
234 non-nationals; 238 nationals

All TB types TB Drug resistance

Al-Ghafli H. 2019, 
Saudi Arabia [46]

Regional TB 
program

Cross-sectional Aug 2014–jul 
2016

EPTB cases reported: 902 
16,6 % non-nationals; 83,4 % nationals

EPTB EPTB clinical characteristics

SARVATH A. 2018, 
Saudi Arabia [34]

Regional TB 
program

Cross-sectional 2014 TB patients 
169 non-nationals; 193 nationals

All TB types TB Clinical characteristics

VARGHESE B. 2018, 
Saudi Arabia [41]

Health 
Structure

Cross-sectional Aug 2014–Jul 
2016

TB Patients 
808 non-nationals; 1284 nationals

All TB types TB Clinical characteristics

AL-HAJOJ S. 2015, 
Saudi Arabia [31]

National TB 
program

Cross-sectional Jun 2009–Jul 
2010

MICROBIOLOGY 
157 non-nationals; 224 nationals

EPTB TB microbiologic characteristics

AL AMMARI M.2018, 
Saudi Arabia [44]

National TB 
program

Cross-sectional 2014–2015 TB cases reported: 6753 All TB types TB Drug resistance

NABIL A. 2015, Saudi 
Arabia [37]

Health 
Structure

Cross-sectional 2013 HC workers 
184 non-nationals; 24 nationals

LTBI Tuberculin skin test positive 
43 non-nationals; 4 nationals

VARGHESE B. 2014, 
Saudi Arabia [42]

Regional TB 
program

Cross-sectional 2009–2011 M tuberculosis strains 
214 non-nationals; 201 nationals

All TB types TB microbiologic characteristics

MEMISH ZA. 2014, 
Saudi Arabia [48]

National TB 
program

Cross-sectional 2010–2011 TB patients 
4035 non-nationals; 4130 nationals

All TB types TB clinical characteristics

VARGHESE B. 2013, 
Saudi Arabia [40]

National TB 
program

Cross-sectional Jul 2009–Jun 
2011

TB culture positive: 381 All TB types TB microbiology characteristics

AL-HAJOJ S. 2013, 
Saudi Arabia [43]

Regional TB 
program

Cross-sectional Aug 2009–Jul 
2010

TB cases reported: 2235 All TB types TB Multi-Drug Resistance 
foreign: 5 %; National: 3 %

VARGHESE B. 2013, 
Saudi Arabia [39]

Regional TB 
program

Cross-sectional Jun 2009–Jul 
2010

TB cases reported: 223 All TB types endogenous reactivation 
characteristics; 27 migrants; 12 
Saudis

ABOUZEID MS. 2013, 
Saudi Arabia [32]

National TB 
program

Cross-sectional 2001–2010 TB cases reported 
13240 non-nationals; 20428 nationals

All TB types TB fatality rate 
711 non-nationals; 1312 
nationals

Gleason J. 2012, Saudi 
Arabia [36]

National TB 
program

Cross-sectional 2005–2009 TB cases reported 
9768 non-nationals; 1078 nationals

All TB types TB trend

ABOUZEID MS. 2012, 
Saudi Arabia [33]

National TB 
program

Cross-sectional 2000–2009 TB cases reported 35037, 
16178 nationals; 18859 non-nationals

All TB types TB characteristics

AL-ZOHAIRY MA. 
2011, Saudi Arabia 
[49]

Health 
Structure

Cross-sectional Jan 2005–Dec 
2009

TB patients hospitalised: 165 All TB types TB Clinical characteristics

AL-HAJOJ S. 2010, 
Saudi Arabia [30]

National TB 
program

Cross-sectional 2000–2005 TB cases reported 1505 All TB types TB microbiology characteristics

AL-OTAIBI F. 2010, 
Saudi Arabia [47]

Health 
Structure

Cross-sectional 2001–2007 EPTB patients hospitalised 
59 non-nationals; 372 nationals

EPTB EPTB clinical characteristics

Alriyah S. 2023, Libya Regional TB 
control center

Cross-sectional 2008–2011 and 
2016–2017

TB cases reported 
155 non-nationals; 494 nationals

All TB types EPTB epidemiological 
characteristics

Ben Ramadan AA. 
2022, Libya

National TB 
center

Cross-sectional 2003 EPTB cases reported 
255 migrants; 509 nationals

EPTB EPTB epidemiological 
characteristics

Dow MA. 2014, Libya Health 
structure

Cross-sectional 2005–2007 TB patients counselling the TB 
department

All TB types TB epidemiological 
characteristics

Abbreviations: TB: tuberculosis, EPTB: extra-pulmonary tuberculosis, LTBI: Latent tuberculosis infection.
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Bahrain [75], and Saudi Arabia [33,36] compared TB incidence rates 
between migrants and non-migrants, finding that the absolute incidence 
rate among migrants ranged from 26.7 to 69.8/100,000, whereas among 
non-migrants, rates ranged from 11.5 to 16.8/100,000 (see Annex 4). 
Unadjusted relative risk (RRs) for TB were reported in two of the studies. 
In Lebanon [60] the RR was 1.7 (95 %CI 1.3–2.2) among 629,128 Syrian 
refugees compared with 6,965,872 non-refugees, and in Bahrain it was 
4.2 (95 %CI 3.7–4.6) among 1,630,372 migrants compared with 2,654, 
762 non-migrants [75].

This difference between migrants and non-migrants is further sup
ported by some, but not all studies reporting temporal trends. For 
instance, in Oman [52], TB incidence among non-migrants declined 
sharply from 8.5 to 2.7 per 100,000 between 2009 and 2018. In contrast, 
the decrease was less pronounced among migrants, dropping only from 
6.8 to 5.8 per 100,000 during the same period, with two notable peaks 
exceeding 9 per 100,000 in 2010 and 2014. On the other hand, in 
Bahrain [75], TB incidence among non-migrants remained between 
12.5/100,000 and 18.6/100,000, while in. migrants it peaked at 
75/100,000 in 2003 before decreasing to 69.8/100,000 in 2006. Like
wise, in Saudi Arabia [33], TB incidence was consistent across time 
among migrants (26.1/100,000 in 2001 to 26.7 in 2009) and 
non-migrants (11.4/100,000 to 11.5/100,000).

Four studies reported on routine active TB screening data of expa
triates undergoing employment visa processing (new or renewal) in the 
GCC countries [51,57,76,77] (see Annex 5). Two studies conducted in 
Kuwait and the United Arab Emirates (UAE) [76,78] found TB preva
lence rates of 198 and 203 per 100,000 applicants, respectively. The 
Kuwaiti study also analysed temporal trends [76] and showed a decrease 
of TB prevalence over time, from 456/100,000 (95 %CI 424–490) in 
1997 to 183/100,000 (95 %CI 169–197) in 2006.

Eighteen studies reported the proportion of migrants among total 
active TB cases [36,37,44,48,52,56,59–61,65,66,71–75,79,80], with a 
higher representation of migrants in eight studies (see Annex 6). Esti
mates varied widely across MENA countries. For example, over a 
five-year reporting period, migrants accounted for 47.6 % (95 %CI 46.1 
%–49.1 %) of 4,359 TB cases in Lebanon [65], whereas in Qatar [71], it 
reached to 96.9 % (95 %CI 96.3 %–97.5 %) among 3,301 cases. Addi
tionally, two studies identified a significant positive correlation between 
TB incidence trends and the Syrian refugee influx in Lebanon between 
2012 and 2016 (r = +0.939, p = 0.02) [63,66].

3.4. Clinical outcomes of TB

Six studies examined treatment outcomes [39,60,61,73,81,82], and 
three studies reported mortality [32,61,82]. Regarding treatment out
comes, across the studies the treatment rate (defined as the proportion of 
patients cured or who completed treatment without evidence of bacte
riological failure) was between 48.6 % and 89.8 % among refugees and 
displaced people (Table 2). Three studies compared treatment success 
between migrants and non-migrants [39,61,73], reporting that treat
ment success was 19.5 % lower among migrants in Libya (48.6 % mi
grants vs. 68.1 % non-migrants), 18.1 % lower among migrants in 
Lebanon (446/699 migrants, 501/648 non-migrants), and 5.6 % lower 

among migrants in Saudi Arabia (21/07 migrants, 10/12 non-migrants). 
Conversely, a study from Sudan [82], which compared 295 IDPs living 
in camps with non-displaced Sudanese individuals, found that IDPs had 
a higher likelihood of treatment success (72 % vs 65 % respectively, 
OR:1.4; 95 %CI 1.0–2.2). However, IDPs experienced significantly 
longer delays in starting treatment after diagnosis compared to the 
settled population (5.3 days, SD:11.4 vs. 1.2, SD:6; p = 0.0001).

Three studies reported TB-related fatality rates among both migrant 
and host populations [32,61,82]. Meta-analysis showed lower odds of 
death among 14,234 migrants compared to 21,230 nationals (5.2 % vs 
6.3 %, OR: 0.82, 95 %CI 0.7–0.9, I2 = 2.9 %) (Fig. 2).

3.5. Epidemiological characteristics of TB

Seven studies reported the age of TB patients [32,35,39,40,52,55,
75], with four stratifying data by age group [32,35,40,55] and three 
reporting mean age [39,52,75]. The 15–45 years age group was the most 
common for TB cases in both migrant and non-migrant groups. How
ever, most studies reported a higher proportion of migrant cases in this 
age group compared with non-migrants (43.2–83.4 % versus 41.6–72.5 
% respectively) [32,40,55]. In contrast, the proportion of cases aged 45 
years and over was lower among migrants (16.6 %–20.3 %) than among 
non-migrants (25.7–36.3 %). Notably, a study conducted in Saudi Ara
bia [35] showed a different pattern: 55.1 % of PTB cases among migrants 
were aged over 45 years, compared with only 0.3 % among 
non-migrants. Nevertheless, the mean age of 2,363 migrant TB cases in 
three countries [39,52,75] ranged from 22.5 to 33.7 years, whereas the 
mean age of 1,799 non-migrant TB cases was over 43 years (43.7–63.4 
years). A pooled analysis of these data showed 12.3 years (95 %CI 
8.8–16.0, I2 = 86.5 %) lower mean age amongst migrant cases compared 
with non-migrant cases (Fig. 3).

Sex distributions were reported in twenty studies [30,32,33,35,39,
40,50,52,60,75,78,83], nine of which provided comparative data be
tween migrant and non-migrant TB patients [30,32,33,35,39,40,50,52,
75]. These studies consistently found a higher number of male TB cases 
in both groups, however, a pooled analysis of 37,002 migrant and 43, 
897 non-migrant TB cases, showed a higher male-to-female ratio in 
migrants (1F:5M versus 1F:3M respectively). In addition, the pooled 
proportion of male TB cases was also higher among migrants than 
non-migrants (OR: 1.2; 95 %CI 1.1–1.3, I2 = 80.7 %).

3.6. Clinical characteristics of TB

Twenty studies from four countries reported data on EPTB in an 
overall total of 56,953 participants [33,40,41,47,48,54,61,67,68,70,80,
84]. Among these, nine studies [33,40,41,47,48,54,61,67,80,84] indi
cated that EPTB accounted for 30.4 % of cases among 28,502 migrant TB 
patients, compared to 35.7 % among 27,946 non-migrant TB patients 
(see Annex 7). Four hospital-based studies conducted across two coun
tries reported a higher likelihood of specific EPTB localisations among 
505 hospitalised patients. Migrants comprised 91–99 % of pleural TB 
admissions in two studies [67,70], while two other studies found that TB 
meningitis was more common among migrants than non-migrants 
(OR:11.5, 95 %CI 3.1–43.1) [54,68]. Additionally, a study from 
Kuwait reported that 91 % of 34 hospitalised cases of miliary TB 
occurred in migrants [85].

Seven studies reported drug resistance patterns [42–44,50,71,79,
80]. All but one of these studies in five GCC countries showed incon
sistent trends in MDR-TB (defined as resistance to at least isoniazid and 
rifampicin) among migrants versus non-migrants [42,43,71,79,80,86], 
with reported ORs ranging from 0.6 (95 %CI 0.4–1.1) to 2.5 (95 %CI 
0.2–40.9). Meta-analysis showed a non-significantly higher OR of 
MDR-TB among migrants compared non-migrants (pooled OR: 1.2, 95 % 
CI 0.9–1.6, I2 = 40.2 %) (Fig. 4). Any-drug resistance (defined as resis
tance against at least one of the first-line TB drugs isoniazid, rifamycin, 
pyrazinamide, or ethambutol) was generally more common among 

Table 2 
Tuberculosis treatment outcomes among migrants in the Middle East and North 
African region.

Study, country, year Migrants 
(N)

Successful treatment rate N 
(%)

Legesse T. Sudan, 2021 [81] 710 538 (75.8)
O’son L. Lebanon, 2020 [61] 699 446 (63.8)
Boyd AT. Lebanon-Jordan, 2019 

[60]
197 177 (89.8)

Varghese B. S Arabia, 2013 [40] 27 21 (77.8)
Bohler M. Sudan, 2005 [82] 295 215 (72.9)
Ben Ramadan A 255 125 (48.6)
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migrants, with ORs ranging from 1.1 (95 %CI 0.7–1.5) to 5.5 (95 %CI 
3.9–8.0) in four studies [44,50,71,80].

4. Discussion

This systemic review provides the first comprehensive assessment of 
the burden, clinical outcomes, and epidemiological and clinical char
acteristics of TB among migrant versus non-migrant populations in the 
MENA region. Although we found 53 studies, three critical limitations 
emerged Data from North African countries was scarce and mainly 
sourced from grey literature, with minimal focus on migrant pop
ulations; overreliance on absolute case counts rather than incidence/ 
prevalence measures; and predominant reliance on citizenship rather 
than migration status. Despite these gaps, ME data consistently found 
higher TB incidence and prevalence among migrants, with risk estimates 
up to four times higher than in non-migrants. However, the proportional 
contribution of migrants to total TB cases varied considerably across 
settings. Although TB-related mortality was about 20 % lower among 
migrants, their treatment success rates were consistently below the 
WHO 90 % target. Drug-resistant TB was generally more common 
among migrants (OR range: 1.1–5.5), though MDR-TB risk showed 
inconsistent results across studies (pooled OR 1.2, NS) (Annex 8).

Our finding that the prevalence and incidence of TB are higher in 
migrants than non-migrants in the MENA region is aligned with global 
trends. For example, Asadi et al. (2017) [87] reported that TB incidence 
among migrants in Aberta (Canada) was four times higher than the 

general population between 2002 and 2013. In Europe, a study in En
gland found that migrants were 8.6 times more likely to have TB than 
non-migrants (95 % CI 7.9–9.3) [13]. Similarly, TB incidence among 
asylum-seekers and refugees was reported to be higher than that of the 
general population in several global contexts, including the Netherlands 
(754.0 vs 4.6 per 100,000 people), Germany (92 vs 5.3), and India (431 
vs 181)[88–90].

The lower TB-related mortality observed among migrants in the ME 
region is consistent with the results of several European studies[91–93]. 
In Italy, for example, non-migrants had seven times TB-related mortality 
than non-migrants [92]. This disparity is likely attributed to several 
factors, including the ‘healthy migrant effect’, and the key epidemio
logical and clinical differences identified between migrant and 
non-migrant TB cases in this review. EPTB was more common in 
non-migrant, and on average, migrant TB patients were 13 years 
younger than non-migrants [91,94]. Advanced age is a well-documented 
risk factor for TB-related mortality, increasing vulnerability through 
several mechanisms such as comorbidities (e.g., diabetes, cardiovascular 
diseases)that raise the risk of adverse reactions to treatment and 
complicate clinical presentation [47,48,61]. Older patients often present 
with atypical symptoms, contributing to diagnostic delays, particularly 
for EPTB [46,95].Age-related immunosuppression and malnutrition 
further worsen prognosis [32,91,94]. The higher prevalence of EPTB in 
non-migrants may partly reflect in GCC screening programmes that 
target PTB while EPTB cases are diagnosed passively. This can 
contribute to diagnostic delays or misdiagnosis, due both to the clinical 

Fig. 2. Forest plot of the estimates for the association between TB fatality rate and migration. 
TB: Tuberculosis.

Fig. 3. Forest plot of the estimates of the pooled mean difference of age between migrant TB cases and non-migrant TB cases. 
TB: Tuberculosis.

Fig. 4. Forest plot of the estimates for the association between multi-drug resistant TB and migration. 
MDR: Multidrug-resistant; TB: Tuberculosis.
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complexity of EPTEB and structural barriers within health systems [10,
47,96,97].

While global evidence consistently shows that migrants are dis
proportionally represented among TB cases [12], our findings suggest 
considerable variability across MENA countries. This heterogeneity can 
be attributed to various methodological and contextual differences 
across studies. Firstly, study setting varied, with some studies conducted 
in hospital settings while others were based on national programmatic 
data. Secondly, there were discrepancies in the definitions of ‘migrants’, 
particularly between studies conducted in GCC and those carried out in 
other MENA countries. Thirdly, TB case definitions were not stand
ardised. While some studies relied on bacteriological confirmation of TB, 
while others used radiological results and specific immune test. Finally, 
the differences may mirror the different demographic composition 
across MENA countries. For example, in 2021, migrants represented 
88.5 % of the population in the UAE, 52.2 % in Bahrain, 41.6 % in Saudi 
Arabia, and only 1.3 % in Sudan [98]. These demographic differences 
may also explain the observed preponderance of TB cases among men 
and younger age groups. In the MENA region, particularly in GCC 
countries, the majority of migrants are young male labourers travelling 
alone [47,75]. This marked gender imbalance may reflect regional la
bour migration patterns, where employment opportunities are pre
dominantly available to male workers in sectors such as construction 
and manual labour. These occupations often involve poor living and 
working conditions, which can increase TB exposure and transmission 
risk. Moreover, restrictive migration policies and sponsorship (Kafala) 
systems often limit the migration of women and families, further 
contributing to the gender imbalance among migrant TB cases in these 
settings [5,99]. This demographic pattern is aligned with data from 
Europe, where TB rates among migrants peak between the ages of 22 
and 44 years [100], suggesting the presence of common epidemiological 
factors in migrant-receiving regions.

In line with global findings, our review found that migrant TB 
treatment success rates among migrants in the MENA region were below 
the WHO target of 90 % [91,101,102]. Several structural and systemic 
barriers contribute to this underperformance. Migrants often encounter 
limited healthcare access, exclusion from health entitlements, and lin
guistic or health literacy barriers [91,96]. In GCC countries, fear of 
deportation, repatriation policies, and the restrictive Kafala (sponsor
ship) system often discourage migrant workers from seeking timely 
medical care. These structural barriers create significant health risks, 
and also complicate follow-up and continuity of care [53,79,80,99]. 
Additionally, the lengthy TB treatment regimens can impose a dispro
portionate burden on migrants [96]. All these factors reflect broader 
systemic exclusions that compromise TB control efforts across the 
region.

These factors may also contribute to the higher observed rates of 
drug resistance among migrants [19,90,101,102]. While treatment 
non-adherence and HIV co-infection are established drivers of MDR-TB 
[19,93,102], the impact of HIV appears limited in the MENA region 
given to relatively low regional HIV prevalence and mandatory 
screening policies implemented by GCC countries [19,44]. Instead, 
incomplete treatment – exacerbated by the structural and policy barriers 
described – likely serves as the primary driver of drug resistance in 
migrant populations [43,45,59,71,95].

4.1. Strengthens and limitations

To our knowledge, this is the first review synthesising evidence on 
tuberculosis disparities between migrant and non-migrant populations 
across the MENA region, providing valuable insights into differential 
patterns disease burden, clinical outcomes, and epidemiological char
acteristics. However, several limitations must be acknowledged when 
interpreting these results. A fundamental constraint stems from how 
migration status was operationalised across studies. The available data 
were not systematically disaggregated by legal status or country of 

origin, which prevented detailed analysis of how specific migration 
pathways or origin countries might influence tuberculosis risk profiles. 
Moreover, despite targeting the full MENA region, limited data were 
identified from North African countries, limiting the generalisability of 
findings across the region. This may reflect lower TB prevalence in North 
African countries compared to Central and Sub-Saharan Africa 
[103–105]. The geographic gap noted in our review should be addressed 
in future research to ensure more comprehensive regional representa
tion and better understanding of TB among migrants across the full 
MENA region. In addition, a harmonised operational definition of 
"migrant" that specifically synthesises the United Nations High 
Commissioner for Refugees (UNHCR), WHO, and IOM taxonomies may 
facilitate the comparability of TB-burden estimates across settings in 
future studies and reduce the classification heterogeneity observed in 
our review, for which a structured Delphi consensus process may be a 
useful tool. Currently, many studies on migrant TB screening focus only 
on regular migrants, excluding undocumented populations. Future data 
collection efforts should disaggregate findings by migrant type to ensure 
more comprehensive insights. Additionally, since this review includes 
studies published up to September 2024, future updates should incor
porate newer research to account for potential epidemiological and 
clinical changes. These limitations, which primarily reflect gaps in 
existing surveillance systems and research priorities, necessitate 
cautious interpretation of the current findings.

Addressing these evidence gaps is critical for developing targeted 
and effective interventions that reflect the unique TB risks faced by 
migrant populations in the MENA region. Future research should 
consider disaggregated analyses by migrant type and country of origin to 
better tailor public health interventions. Multicentric studies are needed 
to examine how TB incidence, treatment outcomes, and access to care 
vary across migrant types and countries of origin in different MENA 
subregions, with particular attention to underrepresented areas such as 
North Africa. Additionally, research should explore gender-specific 
barriers to TB diagnosis and treatment among diverse migrant groups, 
as well as the social and structural determinants driving these disparities 
in various host settings, including the GCC countries and North Africa. It 
is also essential to assess the TB burden and risk profiles among second- 
generation and long-term resident migrants and compare these with 
those of first-generation and newly arrived migrants, to gain a deeper 
understanding of the evolving dynamics of TB risk.

In the meantime, clinicians and policymakers in the MENA region 
need to consider the wider implications of these findings for both TB 
management and programmatic strategies to align with the WHO’s End 
TB Strategy. This strategy emphasises equity and prioritises vulnerable 
populations, including migrants. Lower treatment success rates and 
higher prevalence of multidrug-resistant TB (MDR-TB) among migrant 
populations highlight critical gaps in care that require urgent, tailored 
interventions. Such interventions require multi-sectoral, rights-based 
approaches grounded in regional collaboration. Ministries of Health in 
the MENA region must lead in providing inclusive services for all mi
grants, ensuring equitable access to high-quality prevention, screening, 
and treatment regardless of their legal status or ability to pay. In order to 
ensure continuity of care for these highly mobile populations, it is 
imperative that cross-border referral systems in this region be 
strengthened. Mobile and outreach services, particularly in high-risk 
setting, could be used for early detection of this disease. The WHO 
should promote operational research and inclusive health policies, as 
well as cross-country coordination and technical support. Humanitarian 
and civil society actors could play a key role in outreach activities, 
advocacy, and providing support to improve treatment adherence and 
trust in the health system.

5. Conclusion

This systematic review highlights critical disparities in TB epidemi
ology between migrant and non-migrant populations in the MENA 
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region. Migrants face an elevated risk of TB infection, treatment failure, 
and potentially the development of drug-resistant strains. These findings 
underscore the urgent need for tailored TB prevention and treatment 
services in the region to ensure health equity. However, substantial 
evidence gaps persist – particularly the absence of North African data – 
which must be addressed to develop effective, targeted interventions. 
Filling these knowledge gaps is essential for achieving TB elimination 
targets and advancing both the WHO TB strategy and the Sustainable 
Development Goals.
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[19] Hargreaves S, Lönnroth K, Nellums LB, Olaru ID, Nathavitharana RR, 
Norredam M, et al. Multidrug-resistant tuberculosis and migration to Europe. Clin 
Microbiol Infection 2017;23:141–6. https://doi.org/10.1016/j.cmi.2016.09.009.

[20] Raviglione M, Chan M. World health organization: end TB strategy. https://iris. 
who.int/bitstream/handle/10665/331326/WHO-HTM-TB-2015.19-eng.pdf?seq 
uence=1&isAllowed=y. [Accessed 8 March 2025].

[21] Glaziou P, Floyd K, Raviglione MC. Global epidemiology of tuberculosis. Semin 
Respir Crit Care Med 2018;39:271–85. https://doi.org/10.1055/s-0038- 
1651492.

[22] WHO. Global Tuberculosis report 2022. https://www.who.int/teams/global-pr 
ogramme-on-tuberculosis-and-lung-health/tb-reports/global-tuberculosis-report- 
2022. [Accessed 8 March 2025].

[23] Page MJ, McKenzie JE, Bossuyt PM, Boutron I, Hoffmann TC, Mulrow CD, et al. 
The PRISMA 2020 statement: an updated guideline for reporting systematic 
reviews. The BMJ 2021;372. https://doi.org/10.1136/bmj.n71.

[24] Seedat F, Evangelidou S, Abdellatifi M, Bouaddi O, Cuxart-Graell A, Edries H, 
et al. Defining indicators for disease burden, health outcomes, policies and 
barriers and facilitators to health services for migrant populations in the Middle 
East and North African region: a protocol for a suite of systematic reviews. BMJ 
Open 2024;14. https://doi.org/10.1136/bmjopen-2023-083813.

[25] Rayyan. AI-Powered systematic review management platform. https://www. 
rayyan.ai/. [Accessed 8 April 2025].

[26] Critical appraisal tools. JBI; 2023. https://jbi.global/critical-appraisal-tools. 
[Accessed 24 January 2023].

[27] Appraisal (the AACODS checklist) - grey literature in health - UC library guides at 
university of canberra. https://canberra.libguides.com/c.php?g=599348&p=414 
8869;2024. [Accessed 21 May 2024].

[28] MetaXL. https://epigear.com/index_files/metaxl.html. [Accessed 19 June 2024].
[29] Center for evidence synthesis in health (Software). Brown University; 2024. https 

://www.brown.edu/public-health/cesh/resources/software. [Accessed 19 June 
2024].

[30] Al Hajoj S, Rastogi N. The emergence of Beijing genotype of Mycobacterium 
tuberculosis in the Kingdom of Saudi Arabia. Ann Thorac Med 2010;5:149–52. 
https://doi.org/10.4103/1817-1737.65045.

T. Maatoug et al.                                                                                                                                                                                                                               Travel Medicine and Infectious Disease 66 (2025) 102872 

9 

https://doi.org/10.1016/j.tmaid.2025.102872
https://doi.org/10.1016/j.tmaid.2025.102872
http://refhub.elsevier.com/S1477-8939(25)00078-X/sref1
http://refhub.elsevier.com/S1477-8939(25)00078-X/sref1
https://www.ifrc.org/press-release/migration-and-displacement-crisis-mena-responding-basic-needs-people-move
https://www.ifrc.org/press-release/migration-and-displacement-crisis-mena-responding-basic-needs-people-move
https://worldpopulationreview.com/country-rankings/immigration-by-country
https://worldpopulationreview.com/country-rankings/immigration-by-country
https://databank.worldbank.org/source/jobs/Series/SM.POP.TOTL.ZS
https://databank.worldbank.org/source/jobs/Series/SM.POP.TOTL.ZS
https://www.iom.int/sites/g/files/tmzbdl486/files/country/mena/Migration-in-the-Middle-East-and-North-Africa_Data%20Sheet_August2016.pdf
https://www.iom.int/sites/g/files/tmzbdl486/files/country/mena/Migration-in-the-Middle-East-and-North-Africa_Data%20Sheet_August2016.pdf
https://www.iom.int/sites/g/files/tmzbdl486/files/country/mena/Migration-in-the-Middle-East-and-North-Africa_Data%20Sheet_August2016.pdf
https://reporting.unhcr.org/global-report-22/middle-east-and-north-africa
https://reporting.unhcr.org/global-report-22/middle-east-and-north-africa
https://amwchr.org.au/action-for-gaza-sudan/
https://amwchr.org.au/action-for-gaza-sudan/
https://doi.org/10.1016/j.jctube.2021.100225
https://doi.org/10.1016/j.jctube.2021.100225
https://doi.org/10.1371/journal.pone.0212853
https://doi.org/10.1371/journal.pone.0212853
https://doi.org/10.1186/1471-2458-8-15
https://doi.org/10.1186/1471-2458-8-15
https://doi.org/10.1371/journal.pone.0082440
https://doi.org/10.1371/journal.pone.0082440
https://doi.org/10.1016/j.amjmed.2006.10.025
https://doi.org/10.1016/S1473-3099(16)00072-4
https://doi.org/10.1016/j.ijid.2024.107279
https://doi.org/10.1016/j.ijid.2024.107279
https://doi.org/10.1016/j.ijregi.2024.100564
https://doi.org/10.1093/infdis/jix354
https://doi.org/10.1016/S0140-6736(18)32781-8
https://doi.org/10.1016/S0140-6736(18)32781-8
https://doi.org/10.2807/1560-7917.es2013.18.40.20601
https://doi.org/10.2807/1560-7917.es2013.18.40.20601
https://doi.org/10.1016/j.cmi.2016.09.009
https://iris.who.int/bitstream/handle/10665/331326/WHO-HTM-TB-2015.19-eng.pdf?sequence=1&amp;isAllowed=y
https://iris.who.int/bitstream/handle/10665/331326/WHO-HTM-TB-2015.19-eng.pdf?sequence=1&amp;isAllowed=y
https://iris.who.int/bitstream/handle/10665/331326/WHO-HTM-TB-2015.19-eng.pdf?sequence=1&amp;isAllowed=y
https://doi.org/10.1055/s-0038-1651492
https://doi.org/10.1055/s-0038-1651492
https://www.who.int/teams/global-programme-on-tuberculosis-and-lung-health/tb-reports/global-tuberculosis-report-2022
https://www.who.int/teams/global-programme-on-tuberculosis-and-lung-health/tb-reports/global-tuberculosis-report-2022
https://www.who.int/teams/global-programme-on-tuberculosis-and-lung-health/tb-reports/global-tuberculosis-report-2022
https://doi.org/10.1136/bmj.n71
https://doi.org/10.1136/bmjopen-2023-083813
https://www.rayyan.ai/
https://www.rayyan.ai/
https://jbi.global/critical-appraisal-tools
https://canberra.libguides.com/c.php?g=599348&amp;p=4148869;2024
https://canberra.libguides.com/c.php?g=599348&amp;p=4148869;2024
https://epigear.com/index_files/metaxl.html
https://www.brown.edu/public-health/cesh/resources/software
https://www.brown.edu/public-health/cesh/resources/software
https://doi.org/10.4103/1817-1737.65045


[31] Al-Hajoj S, Shoukri M, Memish Z, AlHakeem R, AlRabiah F, Varghese B. Exploring 
the sociodemographic and clinical features of extrapulmonary tuberculosis in 
Saudi Arabia. PLoS One 2015;10. https://doi.org/10.1371/journal. 
pone.0101667.

[32] Abouzeid MS, Al Hakeem RF, Memish ZA. Mortality among tuberculosis patients 
in Saudi Arabia (2001–2010). Ann Saudi Med 2013;33:247–52. https://doi.org/ 
10.5144/0256-4947.2013.247.

[33] Abouzeid MS, Zumla AI, Felemban S, Alotaibi B, O’Grady J, Memish ZA. 
Tuberculosis trends in Saudis and non-Saudis in the Kingdom of Saudi Arabia - a 
10 year retrospective study (2000-2009). PLoS One 2012;7. https://doi.org/ 
10.1371/journal.pone.0039478.

[34] Ali S, Rao MB, Sahly AA, Alfageeh AAMS, Bakari A. A retrospective study to 
investigate the impact of immigration on tuberculosis control program by DOTS 
strategy in Gazan Province, Saudi Arabia. J Public Health 2018;26:163–75. 
https://doi.org/10.1007/s10389-017-0838-8.

[35] El-Masry O, Muzaheed. Incidence and assessment of demography-related risk 
factors associated with pulmonary tuberculosis in Saudi arabia_ A retrospective 
analysis. Pak J Med Sci 2022;38:850–4. https://doi.org/10.12669/ 
pjms.38.4.5087.

[36] Gleason JA, McNabb SJN, Abduljadayel N, Abouzeid MS, Memish ZA. 
Tuberculosis trends in the Kingdom of Saudi Arabia, 2005 to 2009. Ann 
Epidemiol 2012;22:264–9. https://doi.org/10.1016/j.annepidem.2012.01.007.

[37] Nabil A, Abdelghaffar H, Hosam-Eldin AH. Prevalence of latent tuberculosis 
infection among multinational healthcare workers in Muhayil Saudi Arabia. 
Egypt J Bronchol 2015;9:183–7. https://doi.org/10.4103/1687-8426.158078.

[38] Semilan HM, Abugad HA, Mashat HM, Abdel Wahab MM. Epidemiology of 
tuberculosis among different occupational groups in Makkah region, Saudi 
Arabia. Sci Rep 2021;11. https://doi.org/10.1038/s41598-021-91879-9.

[39] Varghese B, Al-Omari R, Grimshaw C, Al-Hajoj S. Endogenous reactivation 
followed by exogenous re-infection with drug resistant strains, a new challenge 
for tuberculosis control in Saudi Arabia. Tuberculosis 2013;93:246–9. https:// 
doi.org/10.1016/j.tube.2012.12.001.

[40] Varghese B, Supply P, Shoukri M, Allix-Beguec C, Memish Z, Abuljadayel N, et al. 
Tuberculosis transmission among immigrants and autochthonous populations of 
the Eastern Province of Saudi Arabia. PLoS One 2013;8. https://doi.org/10.1371/ 
journal.pone.0077635.

[41] Varghese B, Enani M, Alrajhi A, Al Johani S, Albarak A, Althawadi S, et al. Impact 
of Mycobacterium tuberculosis complex lineages as a determinant of disease 
phenotypes from an immigrant rich moderate tuberculosis burden country. Respir 
Res 2018;19. https://doi.org/10.1186/s12931-018-0966-x.

[42] Varghese B, Shoukri M, Memish Z, Abuljadayel N, Alhakeem R, Alrabiah F, et al. 
Occurrence of diverse mutations in isoniazid-and rifampicin-resistant 
mycobacterium tuberculosis isolates from autochthonous and immigrant 
populations of Saudi Arabia. Microb Drug Resist 2014;20:623–31. https://doi. 
org/10.1089/mdr.2014.0065.

[43] Al-Hajoj S, Varghese B, Shoukri MM, Al-Omari R, Al-Herbwai M, AlRabiah F, 
et al. Epidemiology of antituberculosis drug resistance in Saudi Arabia: findings 
of the first national survey. Antimicrob Agents Chemother 2013;57:2161–6. 
https://doi.org/10.1128/AAC.02403-12.

[44] Al Ammari M, Al Turaiki A, Al Essa M, Kashkary AM, Eltigani SA, Ahmed AE. 
Drug resistant tuberculosis in Saudi Arabia: an analysis of surveillance data 2014- 
2015. Antimicrob Resist Infect Control 2018;7. https://doi.org/10.1186/s13756- 
018-0306-4.

[45] Al-Hayani AM, Kamel SA, Almudarra SS, Alhayani M, Abu-Zaid A. Drug 
resistance to anti-tuberculosis drugs: a cross-sectional study from Makkah, Saudi 
Arabia. Cureus 2021;13(8):e17069. https://doi.org/10.7759/cureus.17069.

[46] Al-Ghafli H, Varghese B, Enani M, Alrajhi A, Johani S Al, Albarrak A, et al. 
Demographic risk factors for extra-pulmonary tuberculosis among adolescents 
and adults in Saudi Arabia. PLoS One 2019;14. https://doi.org/10.1371/journal. 
pone.0213846.

[47] Al-Otaibi F, El Hazmi MM. Extra-pulmonary tuberculosis in Saudi Arabia. Indian 
J Pathol Microbiol 2010;53:227–31. https://doi.org/10.4103/0377-4929.64327.

[48] Memish ZA, Bamgboye EA, Abuljadayel N, Smadi H, Abouzeid MS, Al 
Hakeem RF. Incidence of and risk factors associated with pulmonary and extra- 
pulmonary tuberculosis in Saudi Arabia (2010-2011). PLoS One 2014;9. https:// 
doi.org/10.1371/journal.pone.0095654.

[49] Al-zohairy M. Epidemiology of tuberculosis among migrant workers in Qassim 
area Saudi Arabia. Res J Med Sci 2011;5:233–6.

[50] Mahrouqi S Al, Gadalla A, Azri S Al, Al-Hamidhi S, Al-Jardani A, Balkhair A, et al. 
Drug resistant Mycobacterium tuberculosis in Oman: resistance-conferring 
mutations and lineage diversity. PeerJ 2022;10. https://doi.org/10.7717/ 
peerj.13645.

[51] Alyaquobi F, AlMaqbali AA, Al-Jardani A, Ndunda N, Al Rawahi B, Alabri B, et al. 
Screening migrants from tuberculosis high-endemic countries for latent 
tuberculosis in Oman: a cross sectional cohort analysis. Trav Med Infect Dis 2020; 
37. https://doi.org/10.1016/j.tmaid.2020.101734.

[52] Al-Mahrouqi S, Ahmed R, Al-Azri S, Al-Hamidhi S, Balkhair AA, Al-Jardani A, 
et al. Dynamics of Mycobacterium tuberculosis lineages in Oman, 2009 to 2018. 
Pathogens 2022;11. https://doi.org/10.3390/pathogens11050541.

[53] Al-Maniri A, Fochsen G, Al-Rawas O, De Costa A. Immigrants and health system 
challenges to TB control in Oman. https://doi.org/10.1186/1472-6963-10-210; 
2010.

[54] Gaifer Z. Epidemiology of extrapulmonary and disseminated tuberculosis in a 
tertiary care center in Oman. Int J Mycobacteriol 2017;6:162–6. https://doi.org/ 
10.4103/ijmy.ijmy_31_17.

[55] Al-Maniri A, Singh JPN, Al-Rawas O, Al Busaidy S, Al Balushi L, Ahmed I, et al. 
A snapshot of the biodiversity and clustering of Mycobacterium tuberculosis in 
Oman using spoligotyping. Int J Tuberc Lung Dis 2010 Aug;14(8):994–1000. 
PMID: 20626944.

[56] Al-Maniri A, Al-Rawas O, Al-Tuhami H, Eriksson B, Diwan VK. Towards the 
elimination of tuberculosis in a developing country: 25 years of tuberculosis 
control in Oman. Int J Tubercul Lung Dis 2007;11:175–80. PMID: 17263288.

[57] Singh J, Al-Abri S, Petersen E, Al Yaqoubi F, Al Rahbi K, Al Balushi L, et al. 
Importance of tuberculosis screening of resident visa applicants in low TB 
incidence settings: experience from Oman. J Epidemiol Glob Health 2022;12: 
281–91. https://doi.org/10.1007/s44197-022-00040-w.

[58] Al Yaquobi F, Al-Abri S, Al-Abri B, Al-Abaidani I, Al-Jardani A, D’Ambrosio L, 
et al. Tuberculosis elimination: a dream or a reality? Eur Respir J 2018;51. 
https://doi.org/10.1183/13993003.02027-2017.

[59] El Achkar S, Demanche C, Osman M, Rafei R, Ismail MB, Yaacoub H, et al. Drug- 
resistant tuberculosis, Lebanon, 2016-2017. Emerg Infect Dis 2019;25:564–8. 
https://doi.org/10.3201/eid2503.181375.

[60] Boyd AT, Cookson ST, Almashayek I, Yaacoub H, Qayyum MS, Galev A. An 
evaluation of a tuberculosis case-finding and treatment program among Syrian 
refugees - jordan and Lebanon, 2013-2015. Confl Health 2019;13. https://doi. 
org/10.1186/s13031-019-0213-1.

[61] O’Son L, Hulland E, Cookson ST, Castro KG, Yaacoub H. Epidemiology and risk 
factors for extrapulmonary tuberculosis in Lebanon. Int J Tubercul Lung Dis 
2020;24:414–9. https://doi.org/10.5588/ijtld.19.0523.

[62] Ismail MB, Nour D, Raad G, Osman M, Rafei R, Mallat H, et al. First data on latent 
tuberculosis infection in Syrian refugees with diabetes in Lebanon. Public Health 
2020;189:97–100. https://doi.org/10.1016/j.puhe.2020.09.021.

[63] Kabbani M, Said RB, Aftimos G. Epidemiology of tuberculosis based on 
histopathological data and nucleic acid amplification techniques in Lebanon from 
January 2012 to December 2016. Clin Epidemiol Glob Health 2021;11. https:// 
doi.org/10.1016/j.cegh.2021.100750.

[64] Araj GF, Saade A, Itani L, Avedissian A. Tuberculosis burden in Lebanon: 
evolution and current status. Leban Med J 2016;64:1–7. https://doi.org/ 
10.12816/0023824.

[65] Ismail MB, Rafei R, Dabboussi F, Hamze M. Tuberculosis, war, and refugees: 
spotlight on the Syrian humanitarian crisis. PLoS Pathog 2018;14. https://doi. 
org/10.1371/journal.ppat.1007014.

[66] MoH. Tuberculosis in Lebanon: National tuberculosis program - Annual report 
2021. https://www.moph.gov.lb/en/Pages/2/33689/national-tuberculosi 
s-program#/en/Pages/2/33689/national-tuberculosis-program. [Accessed 8 
March 2024]. 2021.

[67] Zahid M, Naushad VA, Purayil NK, Jamshaid MB, Parambil J, Rashid F, et al. 
Profile of patients with tuberculous pleural effusion in Qatar: a retrospective 
study. Cureus 2020. https://doi.org/10.7759/cureus.12391.

[68] Imam YZB, Ahmedullah HS, Akhtar N, Chacko KC, Kamran S, Al Alousi F, et al. 
Adult tuberculous meningitis in Qatar: a descriptive retrospective study from its 
referral center. Eur Neurol 2014;73:90–7. https://doi.org/10.1159/000368894.

[69] Al Marri MRHA. The tuberculin skin test in confirmed pulmonary tuberculosis in 
the State of Qatar: where we stand? Qatar Med J 2012;2012:16–9. https://doi. 
org/10.5339/qmj.2012.2.7.

[70] Khan FY, Alsamawi M, Yasin M, Ibrahim AS, Hamza M, Lingawi M, et al. Etiology 
of pleural effusion among adults in the State of Qatar: a 1-year hospital-based 
study. East Mediterr Health J 2011 Jul;17(7):611–8. PMID: 21972486.

[71] Maisa A, Faraj H, Waqar M, Hanfa K. Drug-resistant tuberculosis: an experience 
from Qatar. Libyan J Med 2020:1–6. https://doi.org/10.1080/ 
19932820.2020.1744351.

[72] Alriyah S, Alajeeli A. Comparison study on tuberculosis cases in three Libyan 
cities (Tripoli-Zawia-Zuwara). Int sci technol J 2023;32:1–10.

[73] Ben Ramadan AA, Shambesh MK, Abusnena OI, Al-Baccush M. Estimation of the 
incidence of pulmonary tuberculosis in northwestern Libya. Ibnosina J Med BS 
2022;3(2):53–8.

[74] Dow MA, Amar F. Gender, age and origin distributions among tuberculosis 
patients in misurata chest hospital. Sirte University Sci J 2014;4(2):71–9.

[75] Jawad J, Al Sayyad AS, Nasser KS. Epidemiology of tuberculosis in Bahrain: 
analysis of surveillance data, 2000-2006. J Bahrain Med Soc 2014;25:19–23.

[76] Akhtar S, Mohammad HG. Nonlinear pattern of pulmonary tuberculosis among 
migrants at entry in Kuwait: 1997-2006. BMC Public Health 2008 Jul 30;8:264. 
https://doi.org/10.1186/1471-2458-8-264.

[77] Almarzooqi F, Alkhemeiri A, Aljaberi A, Hashmey R, Zoubeidi T, Souid AK. 
Prospective cross-sectional study of tuberculosis screening in United Arab 
Emirates. Int J Infect Dis 2018;70:81–5. https://doi.org/10.1016/j. 
ijid.2018.03.001.

[78] Al Hosani FI, Yahia GA. Prevalence of pulmonary tuberculosis among expatriates 
subjected to medical visa screening in Abu Dhabi, United Arab Emirates. 
J Epidemiol Glob Health 2013;3:23–30. https://doi.org/10.1016/j. 
jegh.2012.12.003.

[79] Al-Zarouni M, Dash N, Al Ali M, Al-Shehhi F, Panigrahi D. Tuberculosis and MDR- 
TB in the northern emirates of United Arab Emirates: a 5-year study. Southeast 
Asian J Trop Med Public Health 2010;41(1):163–8. PMID: 20578495.

[80] Mokaddas E, Ahmad S, Samir I. Secular trends in susceptibility patterns of 
Mycobacterium tuberculosis isolates in Kuwait, 1996-2005. Int J Tuberc Lung Dis 
2008;12(3):319–25. PMID: 18284839.

[81] Legesse T, Elduma MH, Awad NM, Elhag MS, Abushama I, Mustafa H, et al. 
Trends of tuberculosis treatment outcomes of notified cases in three refugee 
camps in Sudan: a four-year retrospective analysis, 2014–2017. Sudan J Med Sci 
2021. https://doi.org/10.18502/sjms.v16i2.9293.

T. Maatoug et al.                                                                                                                                                                                                                               Travel Medicine and Infectious Disease 66 (2025) 102872 

10 

https://doi.org/10.1371/journal.pone.0101667
https://doi.org/10.1371/journal.pone.0101667
https://doi.org/10.5144/0256-4947.2013.247
https://doi.org/10.5144/0256-4947.2013.247
https://doi.org/10.1371/journal.pone.0039478
https://doi.org/10.1371/journal.pone.0039478
https://doi.org/10.1007/s10389-017-0838-8
https://doi.org/10.12669/pjms.38.4.5087
https://doi.org/10.12669/pjms.38.4.5087
https://doi.org/10.1016/j.annepidem.2012.01.007
https://doi.org/10.4103/1687-8426.158078
https://doi.org/10.1038/s41598-021-91879-9
https://doi.org/10.1016/j.tube.2012.12.001
https://doi.org/10.1016/j.tube.2012.12.001
https://doi.org/10.1371/journal.pone.0077635
https://doi.org/10.1371/journal.pone.0077635
https://doi.org/10.1186/s12931-018-0966-x
https://doi.org/10.1089/mdr.2014.0065
https://doi.org/10.1089/mdr.2014.0065
https://doi.org/10.1128/AAC.02403-12
https://doi.org/10.1186/s13756-018-0306-4
https://doi.org/10.1186/s13756-018-0306-4
https://doi.org/10.7759/cureus.17069
https://doi.org/10.1371/journal.pone.0213846
https://doi.org/10.1371/journal.pone.0213846
https://doi.org/10.4103/0377-4929.64327
https://doi.org/10.1371/journal.pone.0095654
https://doi.org/10.1371/journal.pone.0095654
http://refhub.elsevier.com/S1477-8939(25)00078-X/sref49
http://refhub.elsevier.com/S1477-8939(25)00078-X/sref49
https://doi.org/10.7717/peerj.13645
https://doi.org/10.7717/peerj.13645
https://doi.org/10.1016/j.tmaid.2020.101734
https://doi.org/10.3390/pathogens11050541
https://doi.org/10.1186/1472-6963-10-210
https://doi.org/10.4103/ijmy.ijmy_31_17
https://doi.org/10.4103/ijmy.ijmy_31_17
http://refhub.elsevier.com/S1477-8939(25)00078-X/sref55
http://refhub.elsevier.com/S1477-8939(25)00078-X/sref55
http://refhub.elsevier.com/S1477-8939(25)00078-X/sref55
http://refhub.elsevier.com/S1477-8939(25)00078-X/sref55
http://refhub.elsevier.com/S1477-8939(25)00078-X/sref56
http://refhub.elsevier.com/S1477-8939(25)00078-X/sref56
http://refhub.elsevier.com/S1477-8939(25)00078-X/sref56
https://doi.org/10.1007/s44197-022-00040-w
https://doi.org/10.1183/13993003.02027-2017
https://doi.org/10.3201/eid2503.181375
https://doi.org/10.1186/s13031-019-0213-1
https://doi.org/10.1186/s13031-019-0213-1
https://doi.org/10.5588/ijtld.19.0523
https://doi.org/10.1016/j.puhe.2020.09.021
https://doi.org/10.1016/j.cegh.2021.100750
https://doi.org/10.1016/j.cegh.2021.100750
https://doi.org/10.12816/0023824
https://doi.org/10.12816/0023824
https://doi.org/10.1371/journal.ppat.1007014
https://doi.org/10.1371/journal.ppat.1007014
https://www.moph.gov.lb/en/Pages/2/33689/national-tuberculosis-program#/en/Pages/2/33689/national-tuberculosis-program
https://www.moph.gov.lb/en/Pages/2/33689/national-tuberculosis-program#/en/Pages/2/33689/national-tuberculosis-program
https://doi.org/10.7759/cureus.12391
https://doi.org/10.1159/000368894
https://doi.org/10.5339/qmj.2012.2.7
https://doi.org/10.5339/qmj.2012.2.7
http://refhub.elsevier.com/S1477-8939(25)00078-X/sref70
http://refhub.elsevier.com/S1477-8939(25)00078-X/sref70
http://refhub.elsevier.com/S1477-8939(25)00078-X/sref70
https://doi.org/10.1080/19932820.2020.1744351
https://doi.org/10.1080/19932820.2020.1744351
http://refhub.elsevier.com/S1477-8939(25)00078-X/sref72
http://refhub.elsevier.com/S1477-8939(25)00078-X/sref72
http://refhub.elsevier.com/S1477-8939(25)00078-X/sref73
http://refhub.elsevier.com/S1477-8939(25)00078-X/sref73
http://refhub.elsevier.com/S1477-8939(25)00078-X/sref73
http://refhub.elsevier.com/S1477-8939(25)00078-X/sref74
http://refhub.elsevier.com/S1477-8939(25)00078-X/sref74
http://refhub.elsevier.com/S1477-8939(25)00078-X/sref75
http://refhub.elsevier.com/S1477-8939(25)00078-X/sref75
https://doi.org/10.1186/1471-2458-8-264
https://doi.org/10.1016/j.ijid.2018.03.001
https://doi.org/10.1016/j.ijid.2018.03.001
https://doi.org/10.1016/j.jegh.2012.12.003
https://doi.org/10.1016/j.jegh.2012.12.003
http://refhub.elsevier.com/S1477-8939(25)00078-X/sref79
http://refhub.elsevier.com/S1477-8939(25)00078-X/sref79
http://refhub.elsevier.com/S1477-8939(25)00078-X/sref79
http://refhub.elsevier.com/S1477-8939(25)00078-X/sref80
http://refhub.elsevier.com/S1477-8939(25)00078-X/sref80
http://refhub.elsevier.com/S1477-8939(25)00078-X/sref80
https://doi.org/10.18502/sjms.v16i2.9293


[82] Bøhler M, Mustafaa SA, Mørkve O. Tuberculosis treatment outcome and health 
services: a comparison of displaced and settled population groups in Khartoum, 
Sudan. Int J Tuberc Lung Dis 2005 Jan;9(1):32–6. PMID: 15675547.

[83] Hosten E, Mehta M, Andre E, Abu Rumman K, Van Der Linden D. Tuberculosis 
contact-tracing among Syrian refugee populations: lessons from Jordan Mr ruwan 
ratnayake. Confl Health 2018;12. https://doi.org/10.1186/s13031-018-0164-y.

[84] Alkhawaja SA, Hasan Alsafaar S, Alomran AA. Tuberculosis: the effect of limited 
screening program on the epidemiology of TB. Bahrain Med Bull 20212;34.3.

[85] El Shamy AS, Al Saidi F, Baidas G. Miliary tuberculosis in Kuwait: clinical 
presentation, diagnosis and treatment outcome. Kuwait Med J 2008;40:288–92.

[86] Al Mahrouqi S, Gadalla A, Al Azri S, Al-Hamidhi S, Al-Jardani A, Balkhair A, et al. 
Drug resistant Mycobacterium tuberculosis in Oman: resistance-conferring 
mutations and lineage diversity. PeerJ 2022;10:e13645. https://doi.org/ 
10.7717/peerj.13645.

[87] Asadi L, Heffernan C, Menzies D, Long R. Effectiveness of Canada’s tuberculosis 
surveillance strategy in identifying immigrants at risk of developing and 
transmitting tuberculosis: a population-based retrospective cohort study. Lancet 
Public Health 2017;2:e450–7. https://doi.org/10.1016/S2468-2667(17)30161-5.

[88] Meier V, Artelt T, Cierpiol S, Gossner J, Scheithauer S. Tuberculosis in newly 
arrived asylum seekers: a prospective 12 month surveillance study at friedland, 
Germany. Int J Hyg Environ Health 2016;219:811–5. https://doi.org/10.1016/j. 
ijheh.2016.07.018.

[89] van den Boogaard J, Slump E, Schimmel HJ, van der Hoek W, van den Hof S, de 
Vries G. High incidence of active tuberculosis in asylum seekers from Eritrea and 
Somalia in the first 5 years after arrival in the Netherlands. Emerg Infect Dis 
2020;26:675–81. https://doi.org/10.3201/eid2604.190123.

[90] Dierberg KL, Dorjee K, Salvo F, Cronin WA, Boddy J, Cirillo D, et al. Improved 
detection of tuberculosis and multidrug-resistant tuberculosis among Tibetan 
refugees, India. Emerg Infect Dis 2016;22:463–8. https://doi.org/10.3201/ 
eid2203.140732.
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