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6Department of Infection, Imperial College, London, UK
*Author for correspondence: Tel.: +1 607 262 4219; marwan.osman@outlook.com

The Syrian conflict has damaged key infrastructure and indirectly affected almost all parts of the Middle
East and Europe, with no end in sight. Exhausting conditions created by the Syrian crisis and related
massive displacement promote the emergence of numerous public health problems that fuel antimicrobial
resistance (AMR) development. Here, we explore the current situation of the Syrian displaced population,
and AMR inside Syria and among refugees in host countries. We then suggest a roadmap of selected
key interventions and strategies to address the threat of AMR in the context of the Syrian crisis. These
recommendations are intended to urge health policy-makers in governments and international health
organizations to optimize and push for implementing an effective policy taking into consideration the
current obstacles.
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The discovery of antibiotics was one of the greatest medical achievements in the 20th century, which has significantly
enhanced our capacity to control life-threatening infectious diseases. However, poor practices over decades and
the lack of appropriate antimicrobial stewardship programs, including the unregulated or over the counter use of
antimicrobials, have contributed to the occurrence and spread of antimicrobial resistance (AMR) [1–4]. The WHO
has highlighted AMR as a global health threat causing around 700,000 deaths per year. Unfortunately, this number
could rise to 10 million deaths annually from 2050 onwards if current trends continue [5].

The Syrian conflict has led to a devastating humanitarian crisis creating one of the largest global refugee crises in
modern history. According to the current estimations of the United Nations High Commissioner for Refugees, there
are 6.6 million internally displaced persons in Syria and 5.6 million refugees abroad. The majority of Syrian refugees
are hosted in neighboring countries such as Turkey (3.6 million), Lebanon (1 million) and Jordan (0.66 million)
though there are larger numbers of unregistered refugees [6,7].

Emerging evidence from several conflict-affected countries shows that conflict provides ideal conditions for
AMR to develop and spread, and the protracted 9-year armed conflict in Syria is not an exception to this rule [8].
Regrettably, numerous dire living and health conditions were created by the Syrian conflict including overcrowding,
damaged infrastructure and healthcare facilities, medication shortages, insufficient resources, lack of trained staff,
malnutrition, poor vaccination rates and inappropriate surveillance of antimicrobial consumption and resistance [9–

11]. Such conditions have promoted the emergence of public health challenges which fuel the development of
AMR [9,10,12,13]. Governments and international health organizations, which have the ultimate responsibility to
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tackle AMR, are therefore urged to introduce and facilitate the implementation of effective policies and intervention
strategies to limit the detrimental effects of this problem at local, regional and international levels [14].

In this context, we sought to highlight the current situation of AMR inside Syria and among refugees in host
countries. A roadmap of selected key interventions and strategies was proposed to face the AMR challenge in
consideration of the Syrian crisis.

The situation of Syrian refugees in neighboring countries: the Lebanese experience
The ongoing conflict in Syria, which has displaced more than 11 million people, has been a major humanitarian
challenge over the last 10 years, with many of the 5.6 million refugees being exposed to high levels of insecurity
and vulnerability. The crisis has also created extreme burdens on the first-line host communities and governments,
including Lebanon. The presence of more than 1 million Syrian refugees in Lebanon (which has a population of
6 million people) has further strained the Lebanese socioeconomic fabric and infrastructure, including the already
tenuous healthcare sector. As no formal refugee camps exist in Lebanon, Syrian refugees are scattered in informal
tented settlements (27%) and within the hosting community in residential buildings (73%) [15]. These refugees
face several existential concerns including anxieties around safety, the lack of availability of suitable shelters for
children and persons with special needs, as well as appropriate water, sanitation and hygiene infrastructure, and
the inability to access healthcare services, education programs and labor markets [15]. Moreover, the housing units
are often shared between families in overcrowded and dire humanitarian conditions with a lack of a kitchen, toilet,
doors, windows, electricity and/or running water. All of these factors are likely to affect the spread of communicable
diseases, which may increase the use of antimicrobials in these settings.

The deteriorating humanitarian conditions for refugees in Lebanon are further exacerbated by the ongoing
catastrophic economic crisis. The latter has affected all the country sectors including the health sector. Consequently,
importation of medical equipment and consumables has become more challenging and more costly. Moreover, due
to the economic collapse, the Lebanese government has been unable to reimburse health facilities or pay healthcare
staff [16,17]. The current marked increase of COVID-19 cases in Lebanon has exacerbated the healthcare crisis and
has further undermined the capacity of the Lebanese government and humanitarian stakeholders to provide the
necessary services to host populations, and to a larger extent, refugees.

Access to healthcare services for Syrian refugees in Lebanon
Health services are available to refugees through primary healthcare facilities, hospitals and mobile medical units
in Lebanon. The United Nations High Commissioner for Refugees, in collaboration with its nongovernmental
organization partners and the Lebanese Ministry of Social Affairs, plays a crucial role by providing access for
both registered and unregistered Syrian refugees to approximately 28 primary healthcare centers across Lebanon
for an affordable fee that ranges between US$2 and 3.30 per consultation [7]. However, despite the availability
of these services, it is estimated that in 2019, 13% of Syrian refugees had no access to any primary healthcare
services, and of those seeking hospital care, only 81% were able to receive the needed service [15]. In addition,
Syrian refugees living in Lebanon suffer from intense economic pressures. Nearly 69% of them live below the
poverty line (<US$3.84/person/day), and 51% are extremely poor (survival and minimum expenditure basket
<US$2.8/person/day). A recent cross-sectional study showed that 71% of Syrian refugees reported stopping the
use of medication due to their inability to afford medication or handling fees [18].

The current Lebanese healthcare system poses a series of challenges for Syrian refugees, such as a lack of clarity,
mistrust and perceived discrimination from Lebanese healthcare provides. Other challenges are structural including
affordability, limited and fragmented service provision, and healthcare for urgent care only. With regards to AMR,
many Syrian refugees (as well as vulnerable Lebanese populations) may bypass seeing a doctor due to cost and
purchase over the counter antibiotics or obtain these from neighbors or relatives; as such, the antibiotic course
may not be appropriate or be of the wrong type for the infection. This inappropriate use of antibiotics presents an
opportunity for the selection of resistant bacteria. Though regulation exists in Lebanon which disallows the supply
of over the counter antimicrobials without a prescription, this is not strictly enforced. In addition, knowledge of
antimicrobial use and resistance among resident communities in Lebanon, including Syrian refugees is poor [19].

AMR in Syria before & after the crisis
There is little reliable AMR data in Syria before and after the conflict. The available published studies have tended
to follow unstandardized strategies with small numbers of isolates, localized to one or few centers with unclear
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procedures for processing the samples (Table 1). Overall, there is no baseline before the crisis, to which changes
in the rates of AMR can be compared. Despite the sparse data, the suggestion is that rates of AMR are high; for
example, one study suggested that 66% of Acinetobacter baumannii were carbapenem resistant and in another study,
61% of Staphylococcus aureus isolates were methicillin-resistant aureus (MRSA) [9]. Mahfoud and colleagues have
recently reported high rates of resistance to common antipseudomonal antibiotics including ceftazidime (73%),
piperacillin–tazobactam (46%), meropenem (41%) and colistin (11%) among Pseudomonas aeruginosa isolates
recovered from hospitalized Syrian patients in three key tertiary care hospitals in Aleppo [20]. Of note are the data
for tuberculosis (TB) where 62.5% of tested clinical Mycobacterium tuberculosis isolates among previously treated
patients were multidrug-resistant (MDR) strains, as we previously reported [21]. Moreover, the WHO report in
2017 showed that 24% of treated TB cases globally were MDR-TB [22].

Despite existing Syrian laws dating back to 1988 (number 2/T) which prohibit the over the counter sale of
antibiotics, a conspicuous policy did not exist and a number of studies underscored the injudicious use of antibiotics
in Syria even before the Syrian conflict (Supplementary Table 1). For pharmacies in Damascus, a 2008–2009 cross-
sectional study noted that 97% of included pharmacies agreed to sell antibiotics without a prescription due to
concerns about losing clients [38]. Likewise, a contemporary study showed that 85% of randomly selected adults
in Kalamoon city consumed antibiotics in the month before the study, and only 43% of them took antibiotics
according to the physician’s prescription [39]. Furthermore, the availability and efficacy of antimicrobial therapy has
significantly decreased after the onset of the Syrian conflict and the subsequent expansion of violence. Driven by
overwhelmed health systems, the available studies performed in Syria since the onset of the armed conflict have
shown concerns over the increasing burden of resistant Gram-negative bacteria and MRSA (Table 1).

AMR among Syrian refugees & host communities
Though data from inside Syria after the onset of conflict is limited, available reports from the main Syrian refugee
hosting countries suggest high rates of AMR among Syrians who have fled the conflict.

In order to identify available evidence of AMR in Syria and surrounding countries, we searched PubMed, Science
Direct, Scopus and Google Scholar databases for published studies related to AMR and Syrian crisis. We used a
combination of the words “AMR”, “refugee”, “migrant”, “asylum seeker”, “displaced”, “crisis”, “war”, “conflict”,
“camp”, “patient”, “wounded civilian” and “Syria”. Indexed original articles and reviews in English of any design
and sampling strategy; and of any enrollment timing (retrospective, prospective or cross-sectional) were eligible for
inclusion. To be included, eligible studies must have reported reliable data regarding the Syrian crisis and AMR.
After importation of search results, two authors (M Osman and R Rafei) independently first screened citations for
their relevance using title and abstract, and all eligible investigations were retained for full text assessment.

A growing body of evidence suggests high rates of AMR among Syrian refugees (Table 2). This includes AMR
colonization [21,22] as well as infections caused by resistant bacteria [13,40]. Drug resistant bacteria were particularly
isolated from displaced patients wounded during the armed conflict wherein colonization might occur during
medical evacuation flights or within shattered medical infrastructure, associated with low hygiene levels and poorly
controlled antimicrobial use [41–48]. Worryingly, extremely drug-resistant M. tuberculosis has recently been isolated
from a Syrian refugee in Lebanon [13]. High AMR rates were also detected among healthy refugee communities
including children [49–55]. A recent study on Syrian asylum seekers upon their arrival in Italy evidenced the carriage of
unusual microorganisms, potentially pathogens and carriers of AMR in some cases [54]. Furthermore, a longitudinal
retrospective study has found a high prevalence of MRSA among asylum seekers and refugees arriving in Finland
from current conflict zones, including Syrian territories [55].

Similarly, the few studies conducted in Lebanon have reported the emergence and spread of AMR in the
environment of Syrian refugee camps [57–59]. MDR bacteria were isolated from wastewater in Syrian refugee camps
in Lebanon, suggesting evidence of poor sanitation within the camps [57,58]. A recent investigation carried out at
the Al-Qaa refugee camp in Lebanon also showed that the majority of Escherichia coli isolates (53.1%) recovered
from sewage water were positive for the tested resistant determinants [57]. Importantly, a recent systematic review
and meta-analysis highlighted that refugees, including Syrians, acquired MDR bacteria in refugee camps, but with
little proof about substantial onward transmission to local host communities [12]. In fact, evidence suggests that the
polluted domestic environment increases the possibility of AMR spread, and threatens the treatment of complicated
infections among the already-vulnerable Syrian population [57–59]. The polluted domestic environment might have
increased the risk of AMR spread among the Syrian refugee population [57–59]. Overall, global reports emphasized
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re

s;
N

R:
N

ot
re

po
rt

ed
;P

A
:P

se
ud

om
on

as
ae

ru
gi

no
sa

;
Q

A
RE

:
A

m
in

og
ly

co
si

de
-r

es
is

ta
nt

En
te

ro
ba

ct
er

ia
ce

ae
;

SC
C

m
ec

:
St

ap
hy

lo
co

cc
al

ca
ss

et
te

ch
ro

m
os

om
e

m
ec

;
SM

A
RT

:
Th

e
St

ud
y

fo
r

M
on

ito
rin

g
A

nt
im

ic
ro

bi
al

Re
si

st
an

ce
Tr

en
d;

TM
P-

SM
X

:
Tr

im
et

ho
pr

im
su

lfa
m

et
ho

xa
zo

le
;

TB
:

Tu
be

rc
ul

os
is

;U
TI

:U
rin

ar
y

tr
ac

t
in

fe
ct

io
ns

;V
RE

:V
an

co
m

yc
in

-r
es

is
ta

nt
En

te
ro

co
cc

us
;X

D
R:

Ex
tr

em
el

y
dr

ug
-r

es
is

ta
nt

.

830 Future Microbiol. (2021) 16(11) future science group



AMR in Syria: halting a war in the war Review

Ta
b

le
2.

A
su

m
m

ar
y

o
f

fi
n

d
in

g
s

re
la

te
d

to
an

ti
m

ic
ro

b
ia

lr
es

is
ta

n
ce

le
ve

ls
am

o
n

g
Sy

ri
an

re
fu

g
ee

s
in

h
o

st
co

u
n

tr
ie

s
(c

o
n

t.
).

C
o

u
n

tr
y

Ye
ar

St
u

d
y

d
es

cr
ip

ti
o

n
Sa

m
p

le
K

ey
fi

n
d

in
g

s
R

ef
.

20
14

–2
01

5
M

o
le

cu
la

r
an

al
ys

is
†

o
f

11
0

G
ra

m
-n

eg
at

iv
e

b
ac

te
ri

a
is

o
la

te
s

fr
o

m
p

at
ie

n
ts

h
o

sp
it

al
iz

ed
in

Jo
rd

an
ia

n
h

o
sp

it
al

s

95
Jo

rd
an

ia
n

is
o

la
te

s
an

d
15

Sy
ri

an
is

o
la

te
s

D
et

ec
ti

o
n

o
f

th
re

e
V

IM
-p

ro
d

u
ci

n
g

En
te

ro
b

ac
te

ri
ac

ea
e

(t
w

o
fr

o
m

Sy
ri

an
s

an
d

o
n

e
fr

o
m

a
Jo

rd
an

ia
n

)
in

d
ic

at
in

g
th

e
d

is
se

m
in

at
io

n
o

f
su

ch
is

o
la

te
s

in
b

o
th

co
m

m
u

n
it

ie
s

13
%

o
f

Sy
ri

an
G

ra
m

-n
eg

at
iv

e
is

o
la

te
s

w
er

e
V

IM
-1

p
ro

d
u

ci
n

g

[6
0]

Se
p

te
m

b
er

20
14

–J
u

n
e

20
16

O
p

en
co

h
o

rt
st

u
d

y
in

cl
u

d
in

g
al

lS
yr

ia
n

s
ad

m
it

te
d

d
u

e
to

ac
u

te
co

n
fl

ic
t-

re
la

te
d

in
ju

ri
es

at
a

M
SF

su
p

p
o

rt
ed

Jo
rd

an
ia

n
h

o
sp

it
al

45
7

co
n

se
cu

ti
ve

Sy
ri

an
ci

vi
lia

n
p

at
ie

n
ts

11
%

(4
9/

45
7)

o
f

ac
u

te
ly

in
ju

re
d

Sy
ri

an
re

fu
g

ee
s

h
ad

in
fe

ct
ed

w
o

u
n

d
s;

73
%

(3
6/

49
)

o
f

w
o

u
n

d
-i

n
fe

ct
ed

p
at

ie
n

ts
h

ad
M

D
R

O
s

(M
R

SA
,P

se
u

d
o

m
o

n
as

,
K

P,
EC

,P
ro

te
u

s
an

d
A

ci
n

et
o

b
ac

te
r)

73
%

o
f

St
ap

h
yl

o
co

cc
u

s
au

re
u

s
is

o
la

te
s

w
er

e
M

R
SA

17
%

o
f

Ps
eu

d
o

m
o

n
as

,8
2%

o
f

K
P,

78
%

o
f

En
te

ro
b

ac
te

r,
10

0%
o

f
EC

,6
3%

o
f

Pr
o

te
u

s
an

d
10

0%
o

f
A

ci
n

et
o

b
ac

te
r

w
er

e
M

D
R

O
s

M
o

st
A

ci
n

et
o

b
ac

te
r

is
o

la
te

s
w

er
e

ca
rb

ap
en

em
re

si
st

an
t

W
o

u
n

d
in

fe
ct

io
n

s
w

er
e

as
so

ci
at

ed
w

it
h

in
cr

ea
se

d
su

rg
er

ie
s

an
d

am
p

u
ta

ti
o

n
s,

an
d

p
ro

lo
n

g
ed

h
o

sp
it

al
iz

at
io

n
s

[4
3]

O
ct

o
b

er
20

06
–D

ec
em

b
er

20
16

R
et

ro
sp

ec
ti

ve
an

al
ys

is
†

o
f

M
D

R
b

ac
te

ri
a

am
o

n
g

p
o

st
-t

ra
u

m
at

ic
o

st
eo

m
ye

lit
is

in
re

fu
g

ee
s

ad
m

it
te

d
to

th
e

A
m

m
an

M
SF

re
co

n
st

ru
ct

iv
e

su
rg

ic
al

p
ro

g
ra

m
w

it
h

at
le

as
t

o
n

e
b

o
n

e
b

io
p

sy
sa

m
p

le
cu

lt
u

re
re

su
lt

14
0

Sy
ri

an
p

at
ie

n
ts

En
te

ro
b

ac
te

ri
ac

ea
e

is
o

la
te

s
w

er
e

h
ig

h
ly

re
si

st
an

t
to

3G
C

(8
6.

5%
)

52
.5

%
o

f
S.

au
re

u
s

w
er

e
M

R
SA

50
%

o
f

PA
an

d
66

%
o

f
A

B
is

o
la

te
s

w
er

e
ca

rb
ap

en
em

re
si

st
an

t
R

is
k

fa
ct

o
rs

fo
r

M
D

R
in

fe
ct

io
n

w
er

e
lo

w
er

ex
tr

em
it

y
in

fe
ct

io
n

,t
im

e
si

n
ce

in
ju

ry
≤1

2
m

o
n

th
s

an
d

≥3
p

re
vi

o
u

s
in

ju
ri

es

[4
5]

20
12

–2
01

3
IO

M
Sc

re
en

in
g

fo
r

TB
am

o
n

g
Sy

ri
an

s
in

Jo
rd

an
17

98
22

Sy
ri

an
s

Id
en

ti
fi

ca
ti

o
n

o
f

26
0

su
sp

ec
te

d
TB

ca
se

s,
w

it
h

42
ac

ti
ve

TB
ca

se
s

o
f

w
h

ic
h

fo
u

r
w

er
e

M
D

R
-T

B
[6

1]

Le
b

an
o

n
an

d
Jo

rd
an

20
11

–2
01

5
D

es
cr

ip
ti

ve
an

al
ys

is
†

o
f

p
o

st
Sy

ri
an

im
p

ac
t

o
n

th
e

su
sc

ep
ti

b
ili

ty
ra

te
o

f
co

n
se

cu
ti

ve
En

te
ro

b
ac

te
ri

ac
ea

e
is

o
la

te
s

re
co

ve
re

d
fr

o
m

IA
I

an
d

U
TI

in
fo

u
r

SM
A

R
T

p
ar

ti
ci

p
at

in
g

ce
n

te
rs

o
ve

r
5

ye
ar

s

14
86

n
o

n
re

p
et

it
iv

e
Le

b
an

es
e,

Jo
rd

an
ia

n
an

d
Sy

ri
an

is
o

la
te

s

Id
en

ti
fi

ca
ti

o
n

o
f

ei
g

h
t

N
D

M
-t

yp
e

st
ra

in
s

in
Jo

rd
an

w
h

er
ei

n
se

ve
n

w
er

e
re

p
o

rt
ed

in
20

13
Th

e
h

ig
h

er
o

b
se

rv
ed

ra
te

o
f

re
si

st
an

ce
an

d
C

TX
-M

ty
p

e
st

ra
in

s
in

Jo
rd

an
co

m
p

ar
ed

w
it

h
Le

b
an

o
n

co
u

ld
b

e
ex

p
la

in
ed

b
y

th
e

p
ro

xi
m

it
y

o
f

Jo
rd

an
ia

n
p

ar
ti

ci
p

at
in

g
ce

n
te

rs
to

th
e

Sy
ri

an
b

o
rd

er

[6
2]

Ir
aq

Ja
n

u
ar

y
20

18
–A

u
g

u
st

20
18

A
cr

o
ss

-s
ec

ti
o

n
al

an
d

co
m

m
u

n
it

y-
b

as
ed

st
u

d
y†

in
ve

st
ig

at
in

g
M

R
SA

ca
rr

ia
g

e
ra

te
an

d
SC

C
m

ec
ty

p
es

am
o

n
g

Sy
ri

an
re

fu
g

ee
s

an
d

th
e

h
o

st
co

m
m

u
n

it
y

in
D

u
h

o
k

ci
ty

in
th

e
K

u
rd

is
ta

n
R

eg
io

n
o

f
N

o
rt

h
er

n
Ir

aq

35
5

Sy
ri

an
re

fu
g

ee
sa

m
p

le
s

an
d

49
2

sa
m

p
le

s
fr

o
m

th
e

h
o

st
co

m
m

u
n

it
y

N
o

st
at

is
ti

ca
ld

if
fe

re
n

ce
b

et
w

ee
n

th
e

p
re

va
le

n
ce

ra
te

o
f

M
R

SA
ca

rr
ia

g
e

o
f

Sy
ri

an
re

fu
g

ee
s

(1
3.

8%
)

an
d

th
at

o
f

th
e

h
o

st
co

m
m

u
n

it
y

(1
5.

4%
)

N
ew

Sy
ri

an
re

fu
g

ee
s

cr
o

ss
in

g
im

m
ed

ia
te

ly
th

e
b

o
rd

er
h

ad
a

h
ig

h
er

M
R

SA
ca

rr
ia

g
e

ra
te

(1
6.

9%
)

th
an

th
at

o
f

re
fu

g
ee

s
al

re
ad

y
se

tt
le

d
in

ca
m

p
s

(1
3%

),
b

u
t

th
is

d
if

fe
re

n
ce

w
as

n
o

t
st

at
is

ti
ca

lly
si

g
n

ifi
ca

n
t

SC
C

m
ec

ty
p

e
IV

a
w

as
th

e
m

o
st

p
re

va
le

n
t

ty
p

e
in

b
o

th
g

ro
u

p
s

(r
ef

u
g

ee
s

an
d

h
o

st
co

m
m

u
n

it
y)

[6
3]

Tu
rk

ey
O

ct
o

b
er

20
14

M
o

le
cu

la
r

an
al

ys
is
†

o
f

tw
o

C
R

A
B

is
o

la
te

s
fr

o
m

p
at

ie
n

ts
h

o
sp

it
al

iz
ed

in
tw

o
IC

U
s

at
a

h
o

sp
it

al
in

A
d

an
a

ci
ty

O
n

e
Sy

ri
an

an
d

o
n

e
Tu

rk
is

h
p

at
ie

n
t

Fi
rs

t
re

p
o

rt
o

n
N

D
M

-1
-p

ro
d

u
ci

n
g

A
B

fr
o

m
Sy

ri
an

re
fu

g
ee

s
in

Tu
rk

ey
Su

b
se

q
u

en
t

d
et

ec
ti

o
n

o
f

N
D

M
-1

-p
ro

d
u

ci
n

g
A

B
in

a
Tu

rk
is

h
p

at
ie

n
t

h
ig

h
lig

h
ti

n
g

th
e

sp
re

ad
o

f
su

ch
M

D
R

b
ac

te
ri

a
in

co
m

m
u

n
it

ie
s

[6
4]

20
10

–2
01

3
Fo

llo
w

-u
p
†

o
f

Tu
rk

is
h

an
d

Sy
ri

an
p

at
ie

n
t

w
it

h
n

ew
p

u
lm

o
n

ar
y

TB
in

H
at

ay
p

ro
vi

n
ce

17
8

Tu
rk

is
h

an
d

33
Sy

ri
an

p
at

ie
n

ts
In

ci
d

en
ce

o
f

p
u

lm
o

n
ar

y
TB

ca
se

s
in

cr
ea

se
d

in
H

at
ay

p
ro

vi
n

ce
o

ve
r

th
e

st
u

d
y

p
er

io
d

;
Tr

ea
tm

en
t

su
cc

es
s

ra
te

w
as

lo
w

er
am

o
n

g
Sy

ri
an

p
at

ie
n

ts
(6

3.
6

vs
88

.8
%

;
p

�
0.

00
1)

;
Tr

ea
tm

en
t

ab
an

d
o

n
m

en
t

an
d
/
o

r
tr

an
sf

er
ra

te
s

w
er

e
h

ig
h

er
am

o
n

g
Sy

ri
an

p
at

ie
n

ts
(3

0.
3

vs
3.

9%
;p

�
0.

00
1)

;
M

D
R

-T
B

w
as

d
et

ec
te

d
in

o
n

e
Sy

ri
an

[6
5]

†
Fo

r
st

ud
ie

s
in

cl
ud

in
g

no
t

on
ly

Sy
ria

ns
bu

t
ot

he
r

na
tio

na
lit

ie
s.

3G
C

:T
hi

rd
ge

ne
ra

tio
n

ce
ph

al
os

po
rin

;2
M

RG
N

:E
nt

er
ob

ac
te

ria
ce

ae
re

si
st

an
t

to
pe

ni
ci

lli
ns

w
ith

pi
pe

ra
ci

lli
n

as
a

su
rr

og
at

e
su

bs
ta

nc
e

an
d

ce
ph

al
os

po
rin

s
w

ith
ce

fo
ta

xi
m

an
d/

or
ce

ft
az

id
im

e
as

a
su

rr
og

at
e

su
bs

ta
nc

e;
3M

RG
N

:E
nt

er
ob

ac
te

ri-
ac

ea
e

re
si

st
an

t
to

th
re

e
of

fo
ur

an
tib

io
tic

gr
ou

ps
(p

en
ic

ill
in

s
w

ith
pi

pe
ra

ci
lli

n
as

a
su

rr
og

at
e

su
bs

ta
nc

e,
ce

ph
al

os
po

rin
s

w
ith

ce
fo

ta
xi

m
an

d/
or

ce
ft

az
id

im
e

as
a

su
rr

og
at

e
su

bs
ta

nc
e,

an
d

flu
or

oq
ui

no
lo

ne
s

w
ith

ci
pr

ofl
ox

ac
in

as
a

su
rr

og
at

e
su

bs
ta

nc
e)

;4
M

RG
N

:3
M

RG
N

w
ith

ad
di

tio
na

lr
es

is
ta

nc
e

to
ca

rb
ap

en
em

s,
w

ith
im

ip
en

em
an

d/
or

m
er

op
en

em
as

su
rr

og
at

e
su

bs
ta

nc
es

;A
B:

A
ci

ne
to

ba
ct

er
ba

um
an

ni
i;

A
RG

:A
nt

ib
io

tic
re

si
st

an
t

ge
ne

s;
C

RA
B:

C
ar

ba
pe

ne
m

re
si

st
an

t
A

ci
ne

-
to

ba
ct

er
ba

um
an

ni
i;

C
RK

P:
C

ar
ba

pe
ne

m
re

si
st

an
t

K
le

bs
ie

lla
pn

eu
m

on
ia

e;
C

RG
N

:
C

ar
ba

pe
ne

m
-r

es
is

ta
nt

G
ra

m
-n

eg
at

iv
e

ba
ct

er
ia

;
C

PE
:

C
ar

ba
pe

ne
m

-p
ro

du
ci

ng
En

te
ro

ba
ct

er
ia

ce
ae

;
C

RE
:

C
ar

ba
pe

ne
m

-r
es

is
ta

nt
En

te
ro

ba
ct

er
ia

ce
ae

;
EC

:
Es

ch
er

ic
hi

a
co

li;
ES

BL
-P

E:
ES

BL
pr

od
uc

in
g

En
te

ro
ba

ct
er

ia
ce

ae
;

IA
I:

In
tr

a-
ab

do
m

in
al

;
IC

U
:

In
te

ns
iv

e
ca

re
un

it;
IN

H
:

Is
on

ia
zi

d;
IO

M
:

In
te

rn
at

io
na

lO
rg

an
iz

at
io

n
fo

r
M

ig
ra

tio
n;

IP
D

:
In

va
si

ve
pn

eu
m

oc
oc

ca
ld

is
ea

se
;

K
P:

K
le

bs
ie

lla
pn

eu
m

on
ia

e;
M

D
R:

M
ul

tid
ru

g
re

si
st

an
t;

M
D

RO
:M

ul
tid

ru
g-

re
si

st
an

to
rg

an
is

m
;M

RG
N

:M
ul

tid
ru

g-
re

si
st

an
tG

ra
m

-n
eg

at
iv

e
ba

ct
er

ia
;M

RS
A

:M
et

hi
ci

lli
n-

re
si

st
an

tS
ta

ph
yl

oc
oc

cu
s

au
re

us
;M

SF
:M

éd
ec

in
s

Sa
ns

Fr
on

tiè
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the need for targeted strategies to improve the detection, treatment and prevention of antibiotic resistance in
high-migrant community settings [12].

How to curb the AMR issue in Syria?
For Syria, to address the AMR issue and to participate in the WHO Global Action Plan on AMR, a pragmatic
plan of action is needed (Table 3) [86]. Combined with the current critical situation in Syria and the importance
of the human-animal-ecosystem interface in the development and spread of AMR, the best solution to face this
concern appears to be a One Health approach. The One Health concept, which constitutes a part of human
civilization, addresses the connections between human and animal health and the environment, and recognizes
their interrelatedness and its inherent complexity. In the framework of the current Syrian conflict, it could help
to understand the ecological and epidemiological dynamics that shape infection and AMR risks, directly inform
infection prevention and control (IPC) strategies, help examine threats and opportunities, and broaden national
and international capacities to proactively address them [87].

However, the plans at the national level might unfortunately be unrealistic at the moment, due to multiple
parallel health systems separately functioning inside its borders. Suggested actions are:

• To cease the armed conflict, particularly attacks on healthcare facilities and personnel which provide the security
required to rebuild the health system and establish measures against AMR. Given that the cessation of the conflict
may not be achievable in the close future, humanitarian relief and healthcare programs need to be maintained
for the meantime and fostered to encompass a management plan for AMR [88];

• To introduce innovative ways to fill in the gap of well-trained healthcare workers who have fled the country. This
may include specialized telemedicine programs, novel rapid tests, user friendly laboratory management software,
a creative program of financial incentives for healthcare students, and remote capacity building of the remaining
or newly recruited healthcare workers;

• To increase access to clinical laboratory diagnosis, management and optimize procedures of infection prevention
and control. An adequate treatment associated with efficient follow-up systems for infections is a keystone to
enhance the health promotion efforts in the region. Nevertheless, since the cost of diagnostic and treatment
services is high, local health authorities and non-governmental donors have a big responsibility to plug this gap,
and to secure healthcare provisions for Syrian people especially in hard-to-reach border areas;

• To activate a surveillance system for high-priority MDR bacteria;
• To tackle the AMR issue at the human, animal and ecosystem levels as part of One Health approach. The

quadripartite of the WHO, the Food and Agriculture Organization, the World Organization for Animal Health,
and other international health agencies should have a major role in helping local authorities and national
stakeholders to identify and promote the implementation of effective strategies including human and animal
medicine and agriculture sectors;

• To explore the ecological and epidemiological dynamics that might be involved in reshaping the type of infections,
introducing inappropriate IPC practices, and providing suitable conditions for the dissemination of AMR [87];

• To promote an effective vaccination program and introduce cost-effective and implementable infection control
policies. These interventions also emphasize the importance of improving hygiene measures, training in IPC and
surveillance at health facilities, and securing the access to effective antimicrobials;

• To find a socially accepted approach to enforce the legislations regarding the illegal dispensing of antimicrobials,
and to make people aware of the appropriate use of antimicrobials, the risk of AMR, and the role of microbial
vaccines to prevent infections and hence prevent the development of AMR;

• To create and implement an intervention dedicated to limit the spread of AMR in the Syrian refugees’ community.

Conclusion
The alarming AMR problem among the Syrian displaced population turned dramatically into a global threat,
representing a big challenge in both Syrian territories and hosting countries, and calling attention to the urgent
need for new relevant policies, legislations and interventions to prevent the AMR spread.

Future perspective
Though AMR mechanisms continue to evolve, the Syrian conflict and its effects have created important drivers
of AMR, which challenge already strained health systems in Syria and refugee hosting countries. A pragmatic,
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re

s;
M

oP
H

:M
in

is
tr

y
of

Pu
bl

ic
H

ea
lth

;O
IE

:W
or

ld
O

rg
an

iz
at

io
n

fo
r

A
ni

m
al

H
ea

lth
;U

N
H

C
R:

U
ni

te
d

N
at

io
ns

H
ig

h
C

om
m

is
si

on
er

fo
r

Re
fu

ge
es

.

840 Future Microbiol. (2021) 16(11) future science group



AMR in Syria: halting a war in the war Review

multi-faceted, and innovative approach based on a One Health strategy is urgently needed to bring about action
and radical change against the growing AMR concern in Syria and to limit the detrimental effects of AMR at local,
regional and international levels. Measures which address the causes of this, in line with WHO guidance on the
prevention and management of AMR need to be implemented.

Executive summary

Negative consequences of the protracted armed conflict in Syria
• The protracted conflict in Syria has provided ideal conditions for the emergence and spread of antimicrobial

resistance (AMR).
• Lack of and nonobservance of effective antimicrobial stewardship programs are key factors in conflict-damaged

countries such as Syria.
• Massive displacement of the Syrian population may contribute to an increase in AMR in refugee-hosting

countries.
• Adverse conditions created by the Syrian conflict (e.g., overcrowding, damaged infrastructure and healthcare

facilities, medication shortages and insufficient resources) have promoted the emergence of public health
challenges in Syria which fuel the development of AMR.

Access to healthcare services for Syrian refugees in neighboring countries: the Lebanese experience
• The Syrian conflict which has displaced more than 11 million people has been a major humanitarian challenge

over the last 10 years, with many of the 5.6 million refugees being exposed to high levels of insecurity and
vulnerability.

• Despite the availability of health services, it is estimated that in 2019, 13% of Syrian refugees had no access to any
primary healthcare services, and of those seeking hospital care, only 81% were able to receive the needed service.

• Seventy-one percent of Syrian refugees in Lebanon reported stopping the use of medication due to their inability
to afford medication or handling fees.

• An attributable shortcoming of the current Lebanese healthcare system poses a series of challenges for Syrian
refugees.

AMR in Syria before & after the crisis
• Little reliable AMR data in Syria is available before or after the conflict.
• Published reports have tended to be of poor quality with small numbers of isolates, localized to one or few

centers with unclear procedures of processing the samples.
• Driven by overwhelmed health systems, the available investigations carried out in Syria since the onset of the

armed conflict have showed concerns over the increasing burden of multidrug resistant Gram-negative bacteria
and methicillin-resistant Staphylococcus aureus.

AMR among Syrian refugees & host communities
• High rates of AMR were reported among Syrians who have fled the conflict.
• Although Syrian refugees may reshape the geographical distribution of AMR genes, particularly in neighboring

countries, there is little proof about substantial onward transmission to local host communities.
• Knowledge on antimicrobials and AMR among resident communities in Lebanon, including Syrian refugees, is

poor.
How to curb the AMR issue in Syria?
• A pragmatic, multi-faceted, and innovative approach based on a One Health strategy is urgently needed to bring

about actions at the local, regional and international levels.
• Political turbulence in the region and lack of investment, prioritization and coordination between stakeholders

are notable barriers to achieving a sustainable solution.
• The first step toward mitigating the issue is to acknowledge its magnitude and set it as an urgent priority.
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