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Abstract

Background: The displacement crisis in Syria poses challenges for tuberculosis (TB) control across the region. Since
2012 in Jordan and 2013 in Lebanon, the International Organization for Migration (IOM) has supported the National
TB Program (NTP) in detecting and treating TB among Syrian refugees. In December 2016, IOM asked US Centers
for Disease Control and Prevention (CDC) staff to evaluate its program of support to Jordan and Lebanon'’s NTPs for
TB control among Syrian refugees. This manuscript focuses on case-finding, including contact investigations, and
treatment components of the IOM program during 2013-2015 in Jordan and 2015 in Lebanon.

Methods: The evaluation consisted of a retrospective review of de-identified Jordan and Lebanon line lists of TB
cases and of investigated contacts (Lebanon only). Syrian refugee TB cases were categorized by sex, age group
(age < 5 years, 5-14 years, 215 years), TB type (pulmonary versus extra-pulmonary), and additionally in Jordan, by
refugee camp status (residence in versus outside a refugee camp), to evaluate differences in treatment completion
and contact investigation.

Results: In Jordan, Syrian refugee cases represented 24.4% of TB cases in 2013, when Syrian refugees made up 6.8%
of the country’s population, and 13.8% of TB cases in 2015, when Syrians made up 8.3% of the total population. In
Lebanon in 2015, Syrian refugee cases represented 21.4% of TB cases, when Syrians made up 20.1% of the total
population. In Jordan, the proportion of Syrian TB cases residing in refugee camps (29.3%) was higher than the
proportion of Syrians refugees residing in camps (17.1%). Of Syrian TB cases in 2015, 94.8% in Jordan and 87.8% in
Lebanon completed treatment. In Lebanon, among Syrian TB cases with household contacts listed, contact
investigation was completed for 77.8% of cases.

Conclusion: IOM's program of NTP support provides critical TB services for Syrian refugees with high
treatment completion rates. More community and health practitioner outreach for enhanced active case
finding among community-based Syrian refugees in Jordan may improve TB case detection in populations
outside of refugee camps. Thorough contact investigations need continued emphasis, including completely
recording investigations in both countries, to find active TB cases.
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Background

The ongoing conflict in Syria has had far-reaching, dev-
astating health consequences, with 400,000 violence-
associated deaths, and 11 million people displaced since
2011 [1, 2]. Combatants have specifically targeted health
infrastructure, with 382 reported attacks on facilities and
60% of infrastructure non-functional by June 2016 [3, 4].
The public health consequences are particularly prob-
lematic for those with diseases requiring treatments of
long duration, like tuberculosis (TB). Previous studies of
crisis-affected populations found elevated TB incidence
rates and delayed TB treatment, compared with refer-
ence populations [5, 6].

The loss of health services and the displacement of
Syrians pose challenges for TB control in neighboring
countries, including Jordan and Lebanon. In 2013,
Jordan’s TB incidence rate was 6 per 100,000 popula-
tion, and in Lebanon, it was 16 per 100,000 popula-
tion [7], but progress in further decreasing incidence
then stalled [8, 9]. Displaced Syrians living with TB
may not complete treatment, and this disruption may
contribute to clinical demise, in addition to ongoing
TB transmission and to drug resistance [10]. Syrian
refugees living inside camps or informal settlements,
which can have high population densities and poor
ventilation, may be at an elevated risk of TB expos-
ure. Finally, National TB Programs (NTPs) in Jordan
and Lebanon face challenges in funding, human re-
sources, and access in providing TB case-finding and
treatment services to arriving Syrian refugees.

Recognizing the additional TB burden and the poten-
tial elevated risk of TB transmission in these host coun-
tries as the influx of Syrians grew, the International
Organization for Migration (IOM) began a program of
support to each country’s NTP in detecting and treating
TB among Syrian refugees in 2012 in Jordan and in 2013
in Lebanon. IOM offered enhanced support in Lebanon
through a Global Fund Emergency Grant in 2015. In
Jordan, this support was realized through a collaboration
with United Nations High Commissioner for Refugees
(UNHCR), the World Health Organization (WHO), and
United States Centers for Disease Control and Preven-
tion (CDC) [11]. In Lebanon, IOM and the NTP
followed a similar strategy. The program goal was to re-
duce TB transmission, morbidity, and mortality among
Syrian refugees in these countries. Among other objec-
tives, the program emphasized raising awareness and
knowledge of TB treatment services among both Syrian
refugees and health care workers, increasing active TB
screening, and maximizing treatment success among
Syrian refugees, largely through community health
workers and other community outreach (Table 1).

In December 2016, staff from CDC completed an in-
dependent evaluation of the IOM program, with support
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Table 1 Description of International Organization for Migration
(IOM) support program to the Jordan and Lebanon National
Tuberculosis Programs (NTPs) for TB control among Syrian
refugees—Jordan and Lebanon, 2013-2015

Program goal: Reduce susceptible and resistant tuberculosis
transmission, morbidity, and mortality among Syrian refugees

Objectives:

1) Increase TB awareness and knowledge of TB treatment services
among Syrian refugees and health care workers

2) Increase TB screening among Syrian refugees

3) Increase TB diagnosis among Syrian refugees

4) Maximize treatment success among Syrian refugees
)

5) Support the development and implementation of national
guidelines for effective management of latent TB infection (LTBI)

Resources/Activities in Jordan, 2013-2015:

+ Engage community health workers to provide awareness sessions
about TB disease and TB treatment services in refugee camps and to
community organizations where Syrian refugees live

« Provide symptom screening at international border entry point (until
2014) for arriving Syrian refugees

- Employ physicians to provide assessment of presumed Syrian
refugee TB cases where Syrian refuges live using mobile medical
unit

- Provide funds for culture and drug sensitivity testing, if indicated, for
Syrian refugees
- Provide funds for TB medications for Syrian refugees

- Engage community health workers to provide directly observed
therapy (DOT) to Syrian refugee TB cases in camps and contract
community-based organizations (CBOs) to provide it where Syrian
refugees live in the community

- Provide funds for transportation for contacts to come to NTP clinic
for contact investigations among Syrian refugees

Resources/Activities in Lebanon, 2015

- Engage community health workers to provide mass TB symptom
screenings in informal settlements and collective shelters where
Syrian refugees live

- Provide funds for transportation to refer presumed Syrian refugee TB
cases to NTP clinics for physician assessment

- Provide funds for culture and drug sensitivity testing, if indicated, for
Syrian refugees

- Provide funds for TB medications for Syrian refugees

« Support salary for DOT coordinators (nurses) to provide DOT to
Syrian refugee TB cases

« Provide funds for transportation for contacts to come to NTP clinic
for contact investigation among Syrian refugees

+ Provide funds for diagnostic workup for contacts among Syrian
refugees

from IOM and the Jordan and Lebanon NTPs. This
paper will provide a descriptive analysis of the program
to examine the program objectives of increasing TB
case-finding (through increased screening and diagnosis,
and conducting thorough contact investigations) and
maximizing treatment success among Syrian refugees,
examining 2013-2015 data in Jordan and 2015 data in
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Lebanon. It will also provide suggestions for program
improvement.

Methods

The evaluation consisted of a retrospective review of de-
identified IOM and Jordan and Lebanon NTP line lists
of TB cases and of individually investigated contacts
(Lebanon only). Because this was an evaluation of a pub-
lic health surveillance program with de-identified data
and no perceived ethical risk to patients, no informed
consent was obtained. This program review received
non-research determination from CDC Center for Glo-
bal Health, as well as written permission and participa-
tion of NTP leadership and staff in both countries.

TB notification rates for Jordan during 2013-2015 and
for Lebanon in 2015 were calculated using UN Popula-
tion Division midyear estimates for 2013-2015 as de-
nominators [12]. Annual TB notification rates among
Syrian refugees were calculated using midyear popula-
tion estimates from UNHCR as denominators [13]. For
2015 data only, Syrian refugee TB cases were categorized
by age group (aged <5 years, 5—-14 years, and > 15 years),
TB type (pulmonary versus extra-pulmonary), treatment
outcome (cure or treatment completion versus other
outcome) and in Jordan, by refugee camp status (resi-
dence in versus outside a refugee camp). In Lebanon,
which has no official Syrian refugee camps, this distinc-
tion was not possible.

To evaluate where Syrian refugee TB cases were found,
proportions of Syrian TB cases living in refugee camps
were compared with proportions of the total Syrian
population living in camps in Jordan in 2015 using chi-
square analysis. Additionally, the TB notification rates
among Syrian refugees in camps and outside of camps
were compared, using midyear camp and non-camp
UNHCR population estimates [13].

In Jordan during 2013-2015 and in Lebanon in 2015,
annual numbers of Syrian refugees evaluated as house-
hold contacts of all TB cases, as well as numbers of inci-
dent Syrian TB cases found through these contact
investigations, were used to calculate the number of
evaluated Syrian refugee contacts needed to find one in-
cident TB case.

To evaluate the completeness of contact investigations
among Syrian refugees in Lebanon in 2015, the numbers
of each Syrian index case’s total household contacts
listed and investigated were compared. Bivariate Chi-
square analysis of proportions, using covariates of TB
type, sex, and age group, was done with binary outcome
of the same or more contacts investigated than listed
versus more listed than investigated. Such an analysis
was not possible in Jordan, because although Jordan did
document the total number of Syrian household
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contacts of index cases in 2015, IOM did not maintain a
line list of contacts investigated for each index case.

To examine treatment outcomes among Syrian refu-
gees facilitated by IOM engagement of community
health workers, Chi-square analysis was done to com-
pare proportions of treatment outcomes for 2013-2015
in Jordan and, in Lebanon, in 2014 (prior to full IOM
support) and 2015. For 2015, bivariate analyses with co-
variates of sex and age group were conducted for both
countries, and refugee camp status for Jordan, with
treatment outcome as the dependent variable. For cell
values of zero, Haldane correction was done to calculate
odds ratios. Data analyses were performed in SAS Ver-
sion 9.4 [14].

Results

Syrians represented a substantial proportion of incident
TB cases in both Jordan during 2013-2015 and Lebanon
in 2015 (Table 2). In Jordan, the calculated TB notifica-
tion rate for the entire population, including all foreign-
born, increased from 4.5/100,000 population in 2013 to
5.5/100,000 population in 2015. The proportion of total
notified TB cases among Syrian refugees decreased year-
on-year, from 24.4% of cases in 2013, when Syrians refu-
gees made up 6.8% of the country’s population, to 13.8%
of cases in 2015, when Syrians made up 8.3% of the total
population. Additionally, although the annual notifica-
tion rate among Syrian refugees remained consistently
higher than the overall notification rate, the Syrian TB
notification rate declined in Jordan between 2013 and
2015 (Table 2).

In Lebanon, the TB notification rate for the entire
population, including foreign-born, was 11.1/100,000
population in 2015. The proportion of total incident TB
cases among Syrians was 21.4% of cases in 2015, when
Syrians made up 20.1% of the total population, and the
annual notification rate was not significantly higher than
the overall national incidence rate.

Both Jordan and Lebanon had substantial proportions
of total TB cases among non-Syrian foreign-born per-
sons. These cases were primarily among migrant
workers from high TB-burden countries.

In Jordan in 2015, the proportion of TB cases among
Syrian refugee camp residents was significantly higher
than the proportion of the total Syrian population resid-
ing in camps (Table 3). When expressed as a comparison
of case notification rates, the rate of TB cases among
Syrian refugee camp residents (15.8/100,000) was twice
that of TB cases among Syrians not living in camps (7.9/
100,000). An exploratory analysis of potential demo-
graphic differences between Syrian TB cases residing in
and outside of camps showed no difference in sex or
mean age in 2015.
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Table 2 Notified incident TB cases and rates among general population and Syrian refugees, Jordan, 2013-2015, and Lebanon, 2015

Jordan

Year

Notified incident TB cases (all forms)

Total population including foreign-born?

Calculated TB notification rate (notified cases/total population)
Notified incident TB cases among native Jordanians

Notified incident TB cases among foreign-born non-Syrians
Notified incident TB cases among Syrian refugees

Total Syrian refugee population®

Calculated TB notification rate among Syrian refugees
(notified cases/total population) (95% Cl)

Lebanon

Year

Notified incident TB cases (all forms)

Total population including foreign-born?

Calculated TB notification rate (notified cases/total population)
Notified incident TB cases among native Lebanese

Notified incident TB cases among foreign-born non-Syrians
Notified incident TB cases among Syrian refugees

Total Syrian refugee population®

Calculated TB notification rate among Syrian refugees
(notified cases/total population) (95% Cl)

2013 n (%) 2014 n (%) 2015 n (%)
324 379 421
7,215,000 7,416,000 7,595,000
4.5/100,000 5.1/100,000 5.5/100,000
179 (55.2) 216 (57.0) 196 (46.6)
66 (20.4) 91 (24.0) 167 (39.7)
79 (24.4) 72 (190) 58 (13.8)
491,365 604,868 629,128

16.1/100,000 (12.9-20.0)

11.9/100,000 (9.4-15.0)

9.2/100,000 (7.1-11.9)

2015 n (%)

650

5,851,000

11.1/100,000

297 (45.7)

214 (32.9)

139 214)

1,174,830

11.8/100,000 (10.0-14.0)

“Midyear population estimates 2013-2015 from UN Population Division
bMidyear population estimates from UNHCR data

Between 2013 and 2015, the number of Syrian refugees
annually evaluated for active TB as contacts of index TB
cases in Jordan decreased from 220 evaluated in 2013 to
180 in 2015 (Table 4). In Lebanon in 2015, the number
evaluated in 2015 was 450. In Jordan, the number
needed to be evaluated among Syrian contacts to find
one active TB case was 90 in 2015, and in Lebanon, it
was 30.

Examining linkage of Lebanon’s Syrian TB cases and in-
vestigated contacts showed that in 2015, among 126 Syrian

index cases with household contacts listed, 98 (77.8%) had
either agreement between the number of close contacts
listed and the number of contacts investigated or had more
contacts investigated than listed (Table 5). There was no sig-
nificant difference between type of TB, sex, or age group in
agreement between number of close contacts listed and the
number of contacts investigated or more contacts investi-
gated than listed. Of note, the 14 Syrian index cases age less
than 15 (7 with age < 5 years, 7 with age 5—14 years) all had
investigations for all contacts listed.

Table 3 Proportions of TB cases found among Syrian refugees residing in and outside of refugee camps, Jordan, 2015

Year: 2015 Proportion residing in refugee  Proportion residing outside refugee P value
camps in Jordan, n (%) camps in Jordan, n (%)

Population in Jordan
Refugee TB cases (n = 58) 17 (29.3) 41 (70.7) 0.013°
Total refugee population (n =629,128)° 107,517 (17.1) 521,611 (829)

Calculated TB notification rate (notified cases/total population) 15.8/100,000 7.9/100,000 0.015°

Refugee TB cases (n = 58) sex
Male (n=32) 7 (41.2) 25 (61.0) 0.17
Female (n = 26) 10 (58.8) 16 (39.0)

Refugee TB cases (n = 58) mean age (95% CL) 35.5 (26.1-44.9) 35.5 (28.9-42.0) 1.00

#Midyear population estimates from UNHCR data
PBolded text signifies P value less than 0.05
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Table 4 Numbers of Syrian refugees screened for TB as
contacts, Jordan, 2013-2015, and Lebanon, 2015

Jordan
Year 2013, n 2014, n 2015, n

Number of Syrian refugees 220 120 180
screened for TB as contacts
of index TB cases

Number of incident TB cases 3 8 2
among Syrian refugees found
through contact investigations

Number of Syrian refugee contacts 733 150 90.0
screened to find one active TB case

(Number of refugee contacts screened

/number of incident cases found)

Lebanon
Year 2015, n

Number of Syrian refugees screened 450
for TB as contacts of index TB cases

Number of incident TB cases among 15
Syrian refugees found through
contact investigations

Number of Syrian refugee contacts 300
screened to find one active TB case

(Number of refugee contacts screened

/number of incident cases found)

In Jordan, between 2013 and 2015, treatment cure or
completion as outcome among Syrian refugees remained
high, with all years above 94% cure or completion (Fig. 1).
In contrast, in Lebanon between 2014 (prior to full IOM
support) and 2015, the cure or completion rate rose from
77.1% in 2014 to 87.8% in 2015, a significant increase.

In Jordan, bivariate analysis showed no difference in
the odds of having an outcome of cure or completion by
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sex, age group, or camp status in 2015, the only year
with complete data (Table 6). In Lebanon in 2015, males
had lower odds (Odds ratio: 0.3, 95% Confidence Inter-
val (CI): 0.1-0.99) than females but age group had no
difference in odds of an outcome of cure or completion.

Discussion

The arrival of Syrian refugees has had a substantial im-
pact on Jordan and Lebanon NTPs. In 2013, TB cases
among Syrian refugees made up 24.4% of all TB cases in
Jordan, and in 2015, 13.8% of all TB cases in Jordan and
21.4% of all TB cases in Lebanon. The difference in pro-
portion of TB cases among Syrian refugees between
Jordan and Lebanon in 2015 may reflect unmeasured
differences in demographics or TB rates of region of ori-
gin in Syria, among the Syrian refugees in each country.
Syrian refugees in Jordan had a higher TB case notifica-
tion rate than Jordan’s overall notification rate, assuming
that UNHCR refugee population data capture the true
population numbers, although it bears noting that the
Syrian notification rate declined in Jordan between 2013
and 2015. This decline may in part be due to the possi-
bility that Syrian TB cases found in 2013, soon after the
IOM program of support began, reflect both prevalent
as well as incident cases, whereas later years’ cases, after
increased surveillance and case-finding, reflect only inci-
dent cases. This pattern aligns with changes through
time in the Syrian refugee population in Jordan: during
2013, the population doubled, and thereafter stabilized
[13]. It also aligns with changes through time in the pro-
portion of the Syrian refugees living in camps: in mid-
year 2013, 34% of Syrian refugees in Jordan lived in
camps, but this proportion declined to and stabilized at

Table 5 TB contact investigations of Syrian index cases, Lebanon, 2015

Lebanon

Year: 2015

Agreement between number of close
contacts reported and number of contacts exceeded number of contacts

Number of close contacts reported Odds ratio from bivariate
analysis (95% Cl)

investigated or more contacts investigated investigated, n (%)

than number reported, n (%)

Total Syrian index cases with household 98 (77.8)
contacts listed (n=126)
Type of TB
Pulmonary (n=94) 70 (74.5)
Extra-pulmonary (n=32) 28 (87.5)
Sex
Male (n=74) 58 (78.4)
Female (n=52) 40 (76.9)
Age group
Less than 5years (n=7) 7 (100)
5-14years (n=7) 7 (100)
15 years or greater (n=112) 84 (75.0)

28 (22.2) n/a

24 (25.5) 04 (0.1-13)
4(12.5) Ref

16 (21.6) 1.1 (0.5-2.5)
12 (23.1) Ref

0(0) 5.1 (03-914)
0 (0) 5.1 (03-914)
28 (25.0) Ref
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Fig. 1 Proportions of Syrian TB cases with cure or completion treatment outcome by year, Jordan and Lebanon, 2013-2015

less than 20% thereafter [13]. Documentation of delay
between onset of symptoms and diagnosis of TB may
help elucidate whether notified cases are relatively old or
new, but this case information is not collected by IOM
or NTP.

A higher proportion of TB cases in both countries was
among non-Syrian foreign-born persons coming from
high-incidence countries than among Syrian refugees
[15]. Thus, efforts to improve case-finding and treatment
that focus only on Syrian refugees risk missing TB cases
among other vulnerable populations, such as migrant
workers. IOM now additionally supports both NTPs in
case detection, treatment, and case referral among non-
Syrian foreign-born persons (A. Galev, personal commu-
nication, 10 December 2017).

In 2013, when WHO estimated a TB incidence rate of
17 cases/100,000 population in Syria, Syrian refugee
population data indicate an expected number of notified
cases among Syrian refugees in Jordan of 84, close to the
79 cases notified that year [7]. In contrast, in 2015, when
the WHO estimated incidence rate in Syria was 20
cases/100,000 population (95% CI 15-25 cases) and the
Syrian refugee population was higher, the expected num-
ber of notified cases among Syrian refugees was 126 in
Jordan (2.1 times the 58 notified cases) and 235 in
Lebanon (1.7 times the 139 notified cases) [16]. In 2015,
TB notification rates among Syrian refugees in both
Jordan and Lebanon were less than the WHO-estimated
incidence rate [16]. While this difference could reflect
missing cases in Jordan and Lebanon in 2015, it may
also be because TB incidence among Syrian refugees de-
creased through time, as fewer new arrivals came to host
countries, and as the incidence among refugees with a
more prolonged stay began to mirror host population
incidence.

Syrian refugee TB cases in Jordan were dispropor-
tionately more likely to reside in camps than the

general Syrian refugee population in 2015: 29% of
Syrian TB cases lived in camps while only 17% of the
Syrian population lived in camps, with a TB case no-
tification rate among Syrians in camps twice that
among Syrians outside of camps. This difference was
not explained by consistent differences in sex and age
between those residing in and outside of camps, and
thus other factors may contribute to this difference.
Crowded living conditions, as can occur in refugee
camps, have been associated with TB transmission
[17]. Alternatively, low socioeconomic status or mal-
nutrition, which may be higher among refugees living
in camps, are associated with TB prevalence or reacti-
vation [18-21]. IOM screenings focus on pulmonary
symptoms in camps, while community-based surveil-
lance has historically been passive, with less devel-
oped active case-finding activities. This finding may
also suggest that in Jordan in 2015, there were com-
munity TB cases missed, though the veracity of this
finding is limited by the fact that other demographic
data that may indicate systemic differences between
camp-based and community-bases refugees were un-
available. Though Lebanon has no Syrian refugee
camps, documentation of residence in informal settle-
ments or collective shelters could help determine if a
difference in case finding by residence also exists in
Lebanon.

In reviewing the total numbers of Syrian refugees evalu-
ated annually as contacts of TB cases in these two coun-
tries, there was no persistent trend in number evaluated
to find an active TB case. The uptick in number evaluated
as contacts in Jordan from 2014 to 2015 and the compara-
tively high number in Lebanon in 2015 corresponded in
Jordan to the end of IOM’s conducting border screening
for all new arrivals in 2014 and in Lebanon to the suspen-
sion of new refugee registration in 2015. Thus, the 2015
numbers perhaps reflect an IOM program shift from mass



Boyd et al. Conflict and Health

(2019) 13:32

Page 7 of 9

Table 6 Numbers, proportions, and factors associated with TB treatment outcome of cure or completion among Syrian refugees,

Jordan and Lebanon, 2015

Jordan
Year Cure or completion
outcome n (%)
2015 55(94.8)
Sex
Male 29 (90.6)
Female 26 (100)
Age group
Less than 5 years 6 (100)
5-14 years 3 (100)
15 years or greater 46 (93.9)
Camp 16 (94.1)
Non-camp 39 (95.1)
Lebanon
Year Cure/Completion
n (%)
2015 122 (87.8)
Sex
Male 68 (82.9)
Female 54 (94.7)
Age group
Less than 5 years 8 (100)
5-14 years 8 (88.9)
15 years or greater 106 (86.9)

Outcome other
than cure or
completion n (%)

3(5.2)

Outcome other
than cure or
completion n (%)

17 (12.2)

0Odds ratio from
bivariate analysis
(95% CI)

n/a

0.2 (0.01-3.2)
Ref

09 (0.04-19.9)
0.5 (0.02-12.4)
Ref

0.8 (0.1-9.7)
Ref

Odds ratio from
bivariate analysis
(95% Cl)

n/a

0.3 (0.1-0.99)"
Ref

26 (0.1-47.0)
0.9 (0.1-54)
Ref

*Bolded text signifies P value less than 0.05

screenings of new arrivals to improving contact investiga-
tions among Syrians. Mass screening of TB symptoms
among refugees remains an important strategy for active
case finding, but in Jordan and Lebanon, where new ar-
rivals have declined, thorough contact investigations may
be more efficient in this population going forward.

In Lebanon, review of Syrian index cases with con-
tact investigations in 2015 showed that just 78% of
those cases with contacts listed had complete investi-
gations, thus indicating room for improvement in
contact investigations. Of note, all cases age less than
15 had complete investigations. A recent study in
Jordan of contact investigations among Syrian refugee
TB cases found a high proportion of contacts were
investigated, but noted a need for increased attention
to children under 5 [22]. In this evaluation, there
were insufficient data on diagnostic tests or treat-
ments provided to investigated contacts to evaluate
the effectiveness of the investigations. An increased
focus in Lebanon, and a maintained focus in Jordan,
on management and documentation of contact

investigations may help assess and improve the effect-
iveness of these investigations.

Treatment outcome of cure or completion among Syr-
ian refugee TB cases was high in Jordan between 2013
and 2015, and it improved significantly in Lebanon from
2014 to 2015. In fact, in this population in 2015, Jordan
exceeded and Lebanon approached the WHO End TB
goal of 90% treatment success [23]. The improvement in
Lebanon coincided with enhanced IOM support for
staffing to provide patient follow-up. In Lebanon in
2015, males were less likely than females to attain an
outcome of cure or completion. Similarly, in a case-
control study among TB patients in Kenya, being male
was independently associated with loss to follow-up [24].
Ensuring treatment success is essential to halt transmis-
sion of TB and to prevent the emergence of drug resist-
ance, but this is especially difficult in transient
populations such as refugees. In northeastern Kenya,
camp-based refugees had 3.7 greater odds than host-
community patients of having drug-resistant TB [25].
Although Jordan and Lebanon have seen very few
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multidrug-resistant TB (MDR-TB) cases among Syrian
refugees during the examined time period, there is some
concern that MDR-TB may be emerging in Syria, thus
underscoring the need for continued assurance of treat-
ment success [9].

This evaluation was subject to limitations. First, al-
though we used the 2015 WHO estimated Syria inci-
dence rate to calculate expected number of notified
cases among Syrian refugees, the accuracy of that esti-
mate may be affected by reporting limitations within the
Syrian displacement crisis. Second, although the TB con-
trol strategy included the objective of increasing TB
case-finding, this public health program evaluation,
which used retrospective, surveillance data in the setting
of an unstable population, could not address whether
TB case-finding among Syrian refugees increased. Fi-
nally, because the evaluation lacked standardized base-
line data on TB activities among Syrian refugees in the
initial phases of the displacement crisis, and because it
describes a relatively short timeframe, measurement of
impact of the program on TB case-finding is difficult.

Conclusions

The IOM program of support to Jordan and Lebanon
NTPs for TB case-finding and treatment among Syr-
ian refugees in Jordan and Lebanon provides critical
services to this population. Recognizing that TB cases
among non-Syrian foreign-born persons make up a
substantial component of TB burden in these coun-
tries, the IOM program has expanded to provide ser-
vices to this population. More community and health
practitioner outreach for enhanced active case finding
among community-based Syrian refugees in Jordan
may improve TB case detection in populations out-
side of refugee camps. Thorough contact investiga-
tions need continued emphasis, including completely
recording investigations, to find active TB cases and
to advance the goal of providing TB preventive treat-
ment for latent TB infection [26, 27].

Treatment success rates among Syrian refugees are
high in Jordan and improved markedly in Lebanon,
through IOM’s support to the NTP. Enhanced efforts to
prevent loss to follow-up, including among males in
Lebanon, are necessary. In addition, ongoing IOM and
WHO regional initiatives in cross-border case surveil-
lance and treatment programs for Syrian refugees fit
with the current emphasis on transnational solutions for
halting spread of TB [26, 28, 29]. Taken together, these
efforts are necessary to reduce, and eventually eliminate,
TB among this vulnerable population.

Abbreviations
CDC: (United States) Centers for Disease Control and Prevention;
IOM: International Organization for Migration; MDR-TB: Multidrug-resistant

Page 8 of 9

tuberculosis; NTP: National TB Program; UNHCR: United Nations High
Commissioner for Refugees; WHO: World Health Organization

Acknowledgments

We would like to thank Hiba Abaza, Najem Nada, and Abdallah Mkanna for
their support of data analysis, and Hiba Abaza and Najem Nada for their
review of the draft report used to create the manuscript. We also thank IOM
Jordan staff Drs. Gabi Khamashta and Khaled Abu Ramman, IOM Lebanon
staff Dr. Sami Hadjiabduli, and NTP Lebanon staff Bayan Raydan. We also
thank UNHCR staff Dr. Ann Burton for her role in developing the initial
public health strategy for TB control among Syrian refugees in Jordan.

Disclaimer
The findings and conclusions in this report are those of the author(s) and do
not necessarily represent the official position of the funding agencies.

Authors’ contributions

ATB, STC, and MSQ designed the evaluation; ATB analyzed the data; ATB and
STC interpreted the data and drafted the manuscript; IA, HY, MSQ, and AG
critically revised the manuscript and provided assistance with interpretation
of results. All authors read and approved the final manuscript.

Funding
No additional funding.

Availability of data and materials

The data collected belong to the respective countries' NTPs and IOM, and
thus are not publicly available. However, data are available from the authors
upon reasonable request and with permission from the respective countries’
NTPs and IOM.

Ethics approval and consent to participate

Because this was an evaluation of a public health surveillance program with
de-identified data and no perceived ethical risk to patients, no informed
consent was obtained. This program review received non-research
determination from CDC Center for Global Health.

Consent for publication

Because this evaluation presented results in aggregate, and used only
retrospective and routinely-collected data, consent for publication is not
applicable.

Competing interests

All authors declare that they have no competing interests; no support from
any organization for the submitted work; no financial relationships with any
organizations that might have an interest in the submitted work in the
previous 3 years; no other relationships or activities that could appear to
have influenced the submitted work.

Author details

1Epidemic Intelligence Service, Centers for Disease Control and Prevention,
Atlanta, GA, USA. “Division of Global Health Protection, Center for Global
Health, Centers for Disease Control and Prevention, Atlanta, GA, USA.
3Current affiliation: Division of Global HIV and TB, Center for Global Health,
Centers for Disease Control and Prevention, 1600 Clifton Road NE, MS E-04,
Atlanta, GA 30329, USA. “National Tuberculosis Program, Amman, Jordan.
°National Tuberculosis Program, Beirut, Lebanon. SInternational Organization
for Migration, Amman, Jordan.

Received: 7 November 2018 Accepted: 14 June 2019
Published online: 09 July 2019

References

1. Confronting fragmentation: impact of Syrian crisis report. Syrian Centre for
Policy Research; 2016.

2. Syria crisis: bi-weekly situation report, 17 October 2016. Geneva: United
Nations Office for the Coordination of Humanitarian Aid; 2016.

3. International Organization for Migration. Project proposal: Enhancing
tuberculosis prevention, diagnosis and treatment among Syrian refugees in
Jordan. Amman: Global Fund; 2015.



Boyd et al. Conflict and Health

20.

21.

22.

23.

24.

25.

26.

27.

(2019) 13:32

Anatomy of a crisis: a map of attacks on health care in Syria. New York:
Physicians for human rights; 2016.

Gele AA, Bjune GA. Armed conflicts have an impact on the spread of
tuberculosis: the case of the Somali regional state of Ethiopia. Confl Heal.
2010:4(1):1.

Kimbrough W, Saliba V, Dahab M, Haskew C, Checchi F. The burden
of tuberculosis in crisis-affected populations: a systematic review.
Lancet Infect Dis. 2012;12(12):950-65.

WHO estimates of tuberculosis incidence by country, 2013. World
Health Organization; 2014 [cited 2019 8 Aprill. Available from: http://
webarchive.nationalarchives.gov.uk/20150624110511/https://www.gov.
uk/government/uploads/system/uploads/attachment_data/file/393840/
Worldwide_TB_Surveillance_2013_Data_High_and_Low_Incidence_
Tables____2_.pdf.

Cousins S. Experts sound alarm as Syrian crisis fuels spread of tuberculosis.
BMJ. 2014,349:97397.

Ismail MB, Rafei R, Dabboussi F, Hamze M. Tuberculosis, war, and
refugees: spotlight on the Syrian humanitarian crisis. PLoS Pathog.
2018;14(6):e1007014.

Acosta CD, Kaluski DN, Dara M. Conflict and drug-resistant tuberculosis in
Ukraine. Lancet. 2014;384(9953):1500-1.

Cookson ST, Abaza H, Clarke KR, Burton A, Sabrah NA, Rumman KA, et
al. Impact of and response to increased tuberculosis prevalence
among Syrian refugees compared with Jordanian tuberculosis
prevalence: case study of a tuberculosis public health strategy. Confl
Health. 2015;9:18.

World Population Prospects, 2015 Revision. Geneva: United Nations; 2016
[cited 2017 15 June]. Available from: https://esa.un.org/unpd/wpp/.

Syria Regional Refugee Response: Jordan: UNHCR; 2016 [cited 2017 15 June].
Available from: http://data.unhcr.org/syrianrefugees/country.php?id=107.

SAS. Version 94 ed. Cary: SAS Institute Inc; 2013.

Araj GF, Saade A, Itani LY, Avedissian AZ. Tuberculosis burden in Lebanon:
evolution and current status. J Med Liban. 2016;64(1):1-7.

WHO Global Tuberculosis Report 2016. Geneva: World Health
Organization; 2016.

Lonnroth K, Jaramillo E, Williams BG, Dye C, Raviglione M. Drivers of
tuberculosis epidemics: the role of risk factors and social
determinants. Soc Sci Med. 2009:68(12):2240-6.

Boccia D, Hargreaves J, De Stavola BL, Fielding K, Schaap A, Godfrey-
Faussett P, et al. The association between household socioeconomic
position and prevalent tuberculosis in Zambia: a case-control study.
PLoS One. 2011;6(6):e20824.

Harling G, Ehrlich R, Myer L. The social epidemiology of tuberculosis
in South Africa: a multilevel analysis. Soc Sci Med. 2008;66(2):492-505.
Oxlade O, Murray M. Tuberculosis and poverty: why are the poor at greater
risk in India? PLoS One. 2012;7(11):e47533.

Cegielski JP, McMurray DN. The relationship between malnutrition
and tuberculosis: evidence from studies in humans and experimental
animals. Int J Tuberc Lung Dis. 2004;8(3):286-98.

Hosten E, Mehta M, Andre E, Abu Rumman K, Van der Linden D.
Tuberculosis contact-tracing among Syrian refugee populations:
lessons from Jordan. Confl Health. 2018;12:25.

The end TB strategy: global strategy and targets for tuberculosis prevention,
care and control after 2015. World Health Organization; 2018.

Muture BN, Keraka MN, Kimuu PK, Kabiru EW, Ombeka VO, Oguya F.
Factors associated with default from treatment among tuberculosis
patients in Nairobi province, Kenya: a case control study. BMC Public
Health. 2011;11:696.

Githui WA, Hawken MP, Juma ES, Godfrey-Faussett P, Swai OB, Kibuga DK,
et al. Surveillance of drug-resistant tuberculosis and molecular evaluation of
transmission of resistant strains in refugee and non-refugee populations in
north-eastern Kenya. Int J Tuberc Lung Dis. 2000;4(10):947-55.

Lonnroth K, Migliori GB, Abubakar I, D'Ambrosio L, de Vries G, Diel R, et al.
Towards tuberculosis elimination: an action framework for low-incidence
countries. Eur Respir J. 2015;45(4):928-52.

Getahun H, Matteelli A, Abubakar I, Aziz MA, Baddeley A, Barreira D, et al.
Management of latent mycobacterium tuberculosis infection: WHO
guidelines for low tuberculosis burden countries. Eur Respir J. 2015;46(6):
1563-76.

28.

29.

Page 9 of 9

Cain KP, Marano N, Kamene M, Sitienei J, Mukherjee S, Galev A, et al. The
movement of multidrug-resistant tuberculosis across borders in East Africa
needs a regional and global solution. PLoS Med. 2015;12(2):.e1001791.
Posey DL, Marano N, Cetron MS. Cross-border solutions needed to
address tuberculosis in migrating populations. Int J Tuberc Lung Dis.
2017,21(5):485-6.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Ready to submit your research? Choose BMC and benefit from:

e fast, convenient online submission

o thorough peer review by experienced researchers in your field

 rapid publication on acceptance

o support for research data, including large and complex data types

e gold Open Access which fosters wider collaboration and increased citations
e maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions



http://webarchive.nationalarchives.gov.uk/20150624110511/https://www.gov.uk/government/uploads/system/uploads/attachment_data/file/393840/Worldwide_TB_Surveillance_2013_Data_High_and_Low_Incidence_Tables____2_.pdf
http://webarchive.nationalarchives.gov.uk/20150624110511/https://www.gov.uk/government/uploads/system/uploads/attachment_data/file/393840/Worldwide_TB_Surveillance_2013_Data_High_and_Low_Incidence_Tables____2_.pdf
http://webarchive.nationalarchives.gov.uk/20150624110511/https://www.gov.uk/government/uploads/system/uploads/attachment_data/file/393840/Worldwide_TB_Surveillance_2013_Data_High_and_Low_Incidence_Tables____2_.pdf
http://webarchive.nationalarchives.gov.uk/20150624110511/https://www.gov.uk/government/uploads/system/uploads/attachment_data/file/393840/Worldwide_TB_Surveillance_2013_Data_High_and_Low_Incidence_Tables____2_.pdf
http://webarchive.nationalarchives.gov.uk/20150624110511/https://www.gov.uk/government/uploads/system/uploads/attachment_data/file/393840/Worldwide_TB_Surveillance_2013_Data_High_and_Low_Incidence_Tables____2_.pdf
https://esa.un.org/unpd/wpp/
http://data.unhcr.org/syrianrefugees/country.php?id=107

	Abstract
	Background
	Methods
	Results
	Conclusion

	Background
	Methods
	Results
	Discussion
	Conclusions
	Abbreviations
	Acknowledgments
	Disclaimer
	Authors’ contributions
	Funding
	Availability of data and materials
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Author details
	References
	Publisher’s Note

