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Abstract

Background: Outbreaks of circulating vaccine-derived polioviruses (cVDPVs) pose a threat to 

the eventual eradication of all polioviruses. In 2017, an outbreak of cVDPV type 2 (cVDPV2) 

occurred in the midst of a war in Syria. We describe vaccination-based risk factors for and the 

successful response to the outbreak.

Methods: We performed a descriptive analysis of cVDPV2 cases and key indicators of poliovirus 

surveillance and vaccination activities during 2016–2018. In the absence of reliable subnational 

coverage data, we used the caregiver-reported vaccination status of children with non-polio acute 

flaccid paralysis (AFP) as a proxy for vaccination coverage. We then estimated the relative odds of 

being unvaccinated against polio, comparing children in areas affected by the outbreak to children 

in other parts of Syria in order to establish the presence of poliovirus immunity gaps in outbreak 

affected areas.
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Findings: A total of 74 cVDPV2 cases were reported, with paralysis onset ranging from 3 

March to 21 September 2017. All but three cases were reported from Deir-ez-Zor governorate and 

84% had received < 3 doses of oral poliovirus vaccine (OPV). After adjusting for age and sex, 

non-polio AFP case-patients aged 6–59 months in outbreak-affected areas had 2.5 (95% CI: 1.1–

5.7) increased odds of being unvaccinated with OPV compared with non-polio AFP case-patients 

in the same age group in other parts of Syria. Three outbreak response rounds of monovalent OPV 

type 2 (mOPV2) vaccination were conducted, with governorate-level coverage mostly exceeding 

80%.

Interpretation: Significant declines in both national and subnational polio vaccination coverage, 

precipitated by war and a humanitarian crisis, led to a cVDPV2 outbreak in Syria that was 

successfully contained following three rounds of mOPV2 vaccination.
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1. Introduction

Poliomyelitis, commonly referred to as polio, is a paralytic disease caused by poliovirus 

infection,[1] which mostly affects children < 5 years of age. Among the three serotypes 

of wild poliovirus (WPV), only WPV type 1 (WPV1) remains in circulation and endemic 

transmission of the virus is now limited to only Afghanistan and Pakistan,[2] a direct result 

of deliberate efforts to eradicate polio by the Global Polio Eradication Initiative (GPEI).[3] 

Despite the successes of GPEI, several threats remain to the eradication of polio. One of 

the leading threats is the occurrence of outbreaks in previously polio-free countries as a 

result of importation of WPV1 from countries where transmission persists. During 2013–

2014, several countries in the Middle East and Africa that had been previously polio-free 

experienced outbreaks.[4] In Syria, which eliminated indigenous WPV transmission prior 

to the initial GPEI target of the year 2000 for polio eradication[5], 36 children were 

paralyzed in a WPV1 outbreak linked to virus strains circulating in Pakistan, prompting a 

multi-country response in the Middle East that reached > 27 million children with poliovirus 

vaccines.[6,7] While Syria has since remained WPV1 free, disruption of a previously 

robust healthcare and immunization delivery system, precipitated by a civil war that began 

in 2011, has left the country vulnerable to recurrent disease outbreaks.[8–10] One such 

outbreak involved the emergence and circulation of vaccine-derived polioviruses (VDPVs) 

among a population of suboptimally immunized children in Deir-ez-Zor, Raqqa and Homs 

governorates, resulting in 74 paralytic cases in 2017.[11]

VDPVs emerge when the live, attenuated virus contained in Sabin oral poliovirus vaccine 

(OPV) replicates for an extended period of time either through protracted circulation of 

the vaccine virus within a suboptimally immunized population or prolonged replication of 

the vaccine virus within an individual with a primary immunodeficiency, both allowing 

for sequential genetic mutation. [12–14] When VDPVs emerge and spread as a result 

of prolonged community transmission, they are known as circulating VDPVs (cVDPVs).

[12,15] Just like wild polioviruses, VDPVs are capable of causing paralysis in infected 
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persons and pose a threat to polio eradication. They can result from any of the three Sabin 

OPV serotypes (types 1, 2, and 3), but most commonly are due to type 2 poliovirus.[16]

The risk of emergence of cVDPV type 2 (cVDPV2) increased in selected areas following 

the synchronized global withdrawal of trivalent OPV (tOPV, containing types 1, 2, and 3) 

and switch to bivalent OPV (bOPV, containing types 1 and 3) in May 2016. [17–19] The 

2016 withdrawal of type 2-containing OPV from the immunization schedules of all 155 

OPV-using countries was undertaken after the 2015 certification of WPV type 2 eradication 

because of the large number of cVDPV2 outbreaks. However, in areas where vaccination 

coverage with tOPV had been suboptimal prior to its withdrawal, there was an elevated 

risk of emergence of cVDPV2s as predicted by modeling,[20] with a high proportion of 

multiple birth cohorts without mucosal or humoral immunity to type 2 poliovirus. The only 

opportunity for children to develop immunity to type 2 polioviruses after the global switch 

to bOPV would have been through administration of at least a single dose of inactivated 

poliovirus vaccine (IPV), which primarily protects against paralysis rather than infection.

[21–22] As a consequence, individual immunity to type 2 polioviruses has waned more 

acutely in many countries since the switch.

Within the unique context of Syria, routine immunization coverage with three doses of 

OPV plummeted from > 80% prior to the onset of the civil war in 2011 to < 50% by 

the end of 2016, the year tOPV was withdrawn.[23] Coverage with IPV, introduced as a two-

dose regimen into Syria’s immunization schedule in 2008,[24] also has been suboptimal, 

with national level coverage consistently below 80% during 2015–2018.[23] Following the 

decline in immunization coverage, a cluster of acute flaccid paralysis (AFP) cases was 

identified in Deir-ez-Zor governorate during March-May 2017, and a cVDPV2 outbreak was 

confirmed in June of the same year.[11] The cVDPV2 outbreak in Syria was successfully 

curtailed within 120 days of its confirmation, as stipulated by GPEI.[25] We investigated 

how such an effective outcome was achieved under the extremely challenging circumstances 

of Syria’s civil war. We also describe how the outbreak was detected and the epidemiology 

of cases and examine risk factors for spread of cVDPV2 in areas that were affected by the 

outbreak.

2. Methods

2.1. Poliovirus surveillance Methods

Poliovirus surveillance in Syria is conducted in line with GPEI guidance, which relies 

primarily on the reporting and investigation of AFP cases as a means of promptly identifying 

areas with poliovirus circulation.[26] During January 1, 2016-December 31, 2018, AFP 

cases in Syria were detected and reported through a network of sentinel surveillance 

sites in areas under the control of the Syrian government and the Early Warning, Alert, 

and Response Network (EWARN) of the World Health Organization (WHO) in opposition-

controlled areas. EWARN comprises an informal network of healthcare providers and 

facilities engaged in surveillance for diseases of public health significance in conflict-

affected areas of several countries, including in the Middle East and Horn of Africa. [27]
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AFP cases reported through either surveillance system were investigated including through 

the collection of stool specimens, which were sent for laboratory testing for polioviruses. 

Stool specimens from an AFP case are adequate when two specimens are collected 24 h 

apart within 14 days of paralysis onset and transported to the polio laboratory in leak-proof 

containers under proper reverse cold chain conditions.[26] If the stool specimens collected 

from an AFP case were deemed inadequate, one stool specimen was collected from three 

close household or neighborhood contacts of the cases to improve virus detection. Beginning 

in December 2017, environmental surveillance sites were established in two governorates; 

expansion to all governorates was completed by early 2020. Sewage samples systematically 

collected at these sites were tested at the national polio laboratory in Damascus.

2.2. Laboratory testing and case detection

Stool specimens from AFP cases and contacts were tested for polioviruses at the polio 

laboratory in Damascus for government-controlled areas and at the GPEI network laboratory 

in Ankara, Turkey for opposition-controlled areas. Specimens in which polioviruses were 

isolated underwent further testing for intratypic differentiation at accredited laboratories 

within the GPEI network of laboratories. An AFP case was classified as cVDPV2 if a 

stool specimen from the case-patient or a close contact contained VDPV2 determined by 

sequencing and analysis of the VP1-coding region. Phylogenetic analysis was performed 

to demonstrate the relationship among sequenced viruses. AFP cases with stools that did 

not contain poliovirus were either classified as discarded, i.e., non-polio AFP cases, or 

clinically compatible with polio if stool specimens taken from these cases were inadequate 

and case-patients had residual paralysis 60 days after paralysis onset.

2.3. Data sources and statistical analysis

All data reviewed and analyzed were provided by government or opposition sources to 

the polio and emergency response hub of the WHO Regional Office for the Eastern 

Mediterranean, located in Amman, Jordan. We analyzed data on all AFP cases, including 

those confirmed as cVDPV2 cases, during January 1, 2016-December 31, 2018, taking 

into account the periods preceding, encompassing, and after the outbreak. We described 

demographic characteristics of confirmed cVDPV2 cases. Using SAS software version 9.4 

[Copyright © 2013, SAS Institute Inc., Cary, N.C., USA], we analyzed non-polio AFP cases 

aged 6–59 months to determine their OPV vaccination status. To estimate differences in 

polio vaccination coverage and identify areas with gaps in polio immunity, we calculated 

the proportion of non-polio AFP cases aged 6–59 months that had not received OPV, i.e., 

zero-dose cases, comparing cases reported from governorates within the outbreak zone to 

other parts of Syria using the Chi-square test (statistical significance with p-value < 0.05). 

Using logistic regression, we then estimated the odds ratio for being unvaccinated with 

OPV comparing non-polio AFP cases reported within the outbreak zone to those reported 

from other parts of Syria in univariate and multivariate (adjusted for age and sex) models. 

Vaccination campaign data, including those from postcampaign monitoring, were analyzed 

to assess the level of coverage in the years preceding and during the outbreak response. 

Because this study was undertaken as part of the polio outbreak response and surveillance, 

it was not considered human subjects research following review at the U.S. Centers for 

Disease Control and Prevention, Atlanta, USA.
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3. Results

Descriptive Epidemiology:

A total of 74 cVDPV2 cases were detected during the outbreak, with dates of onset ranging 

from 3 March to 21 September 2017 (Figs. 1, 2). A majority (62%) of case-patients were 

female (Table 1) and the median age of case-patients was 15 months (range: 4–155 months). 

The age distribution of case-patients indicated that nearly half (47%) of all cases occurred 

among children aged 12–23 months, 35% among children aged < 12 months, 15% among 

children aged 24–59 months, and only 3% in children 5 years or older. Taken together, this 

means that children < 2 years of age accounted for 82% of all cVDPV2 cases.

Ninety-six percent of the 74 cVDPV2 cases were reported from Deir-ez-Zor governorate 

(Fig. 2). Of the 71 cases reported from Deir-ez-Zor, 58 were from Mayadeen district, 12 

from Bokamal, and one from the district of Dier-ez-Zor. The other three cases occurred 

in the districts of Tell Abyad and Thawra in Raqqa governorate and Tadmour district in 

Homs governorate. Genomic sequence analysis showed genetic linkage among all confirmed 

cVDPV2 cases, with 22–34 nucleotide substitutions in the VP1 coding region from the 

parent type 2 Sabin virus contained in OPV. This suggests emergence and circulation of this 

cVDPV2 strain for about two years prior to outbreak detection.

Poliovirus Surveillance:

Non-polio AFP rates, used to assess the sensitivity of a country’s poliovirus surveillance 

system, exceeded the recommended target of ≥ 2 cases per 100,000 persons < 15 years at the 

national level during 2016–2018, encompassing the years preceding, during, and following 

the outbreak. The national stool adequacy rates also exceeded the target of ≥ 80% during 

the years under review. Subnationally, however, there were gaps in stool adequacy, notably 

in Deir-ez-Zor and Raqqa governorates, where stool adequacy rates were below 80% during 

2016–2017. There were no cVDPV2 isolations from any of the environmental surveillance 

sites established as an ancillary means of poliovirus surveillance approximately six months 

after the outbreak was detected.

Polio Immunity Profile:

WHO/UNICEF estimated national routine immunization coverage with 3 doses of OPV 

in Syria as ranging between 48% and 53% during 2016–2018, a steep drop from prewar 

levels of 83%–86% during 2001–2010.[23] Official estimates of national coverage with IPV 

ranged from 58% to 67% during 2016–2018. Consequently, national coverage levels for both 

OPV and IPV have been well below the recommended target of ≥ 90% during the period 

under review. Among the 74 cVDPV2 cases, 30 (41%) children had never received OPV 

(i.e., zero-dose cases), 32 (43%) had received 1–2 doses, while only 12 (16%) had ≥ 3 OPV 

doses.

In the absence of reliable subnational data on OPV coverage, we used the self-reported 

OPV vaccination status of non-polio AFP cases aged 6–59 months to estimate the difference 

in the polio immunity profile of governorates affected by the outbreak (i.e., Deir-ez-Zor, 

Raqqa, and Homs), hereafter referred to as the outbreak zone, compared with other 
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governorates in Syria. There was no significant difference between the outbreak zone and 

the rest of Syria in the proportion of non-polio AFP cases that had not received OPV, i.e., 

zero-dose cases, in 2016 (6.7% v 5.9%; p-value: 0.8066) and 2018 (7.2 v 4.3%; p-value: 

0.2149), both years straddling the year of the outbreak. However, during 2017 (the outbreak 

year), non-polio AFP cases reported from the outbreak zone were significantly more likely 

to be zero-dose cases compared with those reported from the rest of Syria (16.3% v 5.2%; 

p-value: <0.0006).

Using logistic regression to further assess the OPV status of non-polio AFP cases 

corroborated the differences in the polio immunity of children in the outbreak zone 

compared with the rest of Syria during 2017. Among 368 non-polio AFP cases aged 6–

59 months reported during 2017, univariate logistic regression showed that cases in the 

outbreak zone had 3.6 (95% CI: 1.7–7.6) times increased odds of being unvaccinated with 

OPV compared with cases reported from the rest of Syria (Table 2). After adjusting for 

age and sex in a multivariate model, the magnitude of the comparative odds of being 

unvaccinated in the outbreak zone reduced to 2.5 (95% CI: 1.1–5.7) times that of the rest 

of Syria. Each additional month of age was associated with an 8% reduction in the odds of 

being unvaccinated with OPV after adjusting for geographic location and sex (Odds Ratio: 

0.92; 95% CI: 0.87–0.96). Female children were at 2.3 (95% CI: 1.01–5.2) times increased 

odds of being unvaccinated with OPV compared with boys in the same age group.

Vaccination Response Activities:

In 2016, the year preceding the outbreak, six polio supplementary immunization activities 

(SIAs) were conducted in Deir-ez-Zor governorate, the epicenter of the outbreak. Trivalent 

OPV was used for two of these SIAs, conducted in March and April 2016, with 

poor administrative coverage being reported during the campaigns, i.e., 7% and 23%, 

respectively. These were the last campaigns prior to the global withdrawal of trivalent OPV 

and synchronized switch to bivalent OPV.

Vaccination activities in response to the outbreak were implemented according to GPEI 

guidelines for responding to type 2 vaccine-derived polioviruses in the post-switch era. In 

response to the cVDPV2 outbreak, which was confirmed in June 2017, three rounds of 

monovalent OPV type 2 (mOPV2) vaccination activities were conducted in the outbreak 

zone in two distinct phases. During the first phase of response activities, two rounds of 

mOPV2 vaccination campaigns targeting children < 5 years of age were conducted in Deir-

ez-Zor (target population: 328,000) and Raqqa governorates (target population: 120,000–

127,000). Campaigns in Deir-ez-Zor took place one month apart during July and August 

2017; postcampaign monitoring data (based on parental recall) estimated coverage at 88% 

and 77% during the first and second rounds, respectively, of mOPV2 vaccination in the 

governorate. The first round of mOPV2 vaccination in Raqqa took place in mid-August 

2017 but the second round was delayed until two months later in October 2017, owing to 

evolving political control of the governorate, which complicated and delayed negotiations 

with multiple local authorities in order to secure approvals for the campaign. Postcampaign 

monitoring data showed that coverage improved from 57% to 84% between the two rounds 

of campaigns.
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Owing to detection of a new cVDPV2 case in Deir-ez-Zor governorate 14 days after the 

completion of two rounds of mOPV2 vaccination, a third round of mOPV2 vaccination 

campaigns was undertaken in January 2018 as part of the second phase of outbreak response 

activities. The campaigns were implemented in Deir-ez-Zor, Raqqa, and Homs (Tadmour 

district only) governorates, which reported cases, as well as Hasakeh governorate because 

of its geographic proximity to the outbreak zone. Postcampaign monitoring data indicated 

coverage levels ranging from 84% in Raqqa governorate to 91% in Hasakeh governorate. 

Coverage could not be accurately estimated for the<1000 children vaccinated in Tadmour 

district of Homs due to large-scale population displacement from the governorate during the 

campaigns.

IPV was adjunctively administered to children aged 2–23 months during the second and 

third rounds of mOPV2 vaccination in targeted areas within and outside the outbreak zone. 

In addition, IPV was used for risk-mitigation vaccination among internally displaced persons 

from the outbreak zone arriving in other parts of Syria and among refugees and high-risk 

groups in border areas of Turkey, Iraq, Lebanon and Jordan.

4. Discussion

Circulating vaccine-derived polioviruses pose a significant threat to the eventual eradication 

of all polioviruses.[13,28–29] The 2017 outbreak of cVDPV2 in war-torn Syria underscores 

this risk while providing useful lessons for mitigation. The strategic response to the outbreak 

highlights the importance of a prompt and coordinated approach to responding to disease 

outbreaks within settings of conflict and humanitarian crisis.

Since the onset of a civil war in Syria in 2011, the delivery of healthcare services in the 

country has been severely compromised owing to destruction of healthcare infrastructure 

and large-scale displacement of persons to areas within and outside Syria.[8–10,30] As a 

result, epidemics of infectious diseases in the country have been on the rise. Steep declines 

in the delivery of immunization services have led to a resurgence in vaccine-preventable 

diseases, including measles and polio.[31] Barely three years after a WPV1 outbreak 

paralyzed 36 children in Syria,[6] a cVDPV2 outbreak paralyzed twice as many children 

in the country.[11] Deir-ez-Zor governorate, and specifically Mayadeen district, was the 

epicenter of both outbreaks, though the WPV1 outbreak was more dispersed geographically 

than the subsequent cVDPV2 outbreak. Owing to its geographic dispersion across the 

northeastern and northwestern parts of Syria, and the risk of spread to neighboring countries, 

the WPV1 outbreak prompted a large, mass vaccination drive across eight countries in 

the Middle East using both bOPV and tOPV during 2013–2015. The extensive nature of 

the vaccination response to the WPV1 outbreak might have limited the geographic and 

demographic scope of the cVDPV2 outbreak that followed.

While both the WPV1 and cVDPV2 outbreaks predominantly affected children born after 

the onset of the civil war in Syria, the age distribution of children affected by the 

cVDPV2 outbreak was further narrowed to mostly children born after the 2013–2014 

WPV1 outbreak. Of the 74 cases reported during the cVDPV2 outbreak in 2017, 82% 

were aged < 2 years and therefore mostly born after the cessation of response activities 
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to the WPV1 outbreak, which were concluded in 2015. Further, the quality of pre-switch 

tOPV vaccination campaigns in Deir-ez-Zor, the epicenter of the outbreak, was poor. 

Intermittent bans imposed by insurgent groups on vaccination activities in the intervening 

period between both outbreaks further deprived children born in the governorate during this 

period of opportunities to receive polio vaccines.

Given the above scenario, it is plausible that the poor quality of tOPV campaigns in Deir-ez-

Zor created the enabling conditions for vaccine-derived polioviruses to emerge and circulate 

predominantly in multiple susceptible birth cohorts that lacked opportunities for protection 

against type 2 polioviruses, due to the withdrawal of trivalent OPV globally in April/May 

2016. Our statistical analysis, which analyzed the odds of being unvaccinated with OPV 

among non-polio AFP cases as a proxy for the quality of immunization service delivery, 

supports this hypothesis. After adjusting for age and sex, non-polio AFP cases aged 6–59 

months in the three governorates that reported cVDPV2 cases had 2.5 times increased odds 

of being unvaccinated with OPV compared with non-polio AFP cases in the same age 

group reported from elsewhere in Syria in 2017. This finding also likely explains why the 

outbreak in Deir-ez-Zor did not spread to other parts of the country prior to implementation 

of response vaccination activities despite large-scale population migration from the outbreak 

zone to other parts of the country.

Transmission of cVDPV2 within the outbreak zone itself was effectively curtailed 

and interrupted within 120 days through implementation of three mOPV2 SIAs with 

adjunct administration of IPV; governorate-level administrative coverage mostly exceeded 

80%. Remarkably, these vaccination rounds went ahead despite active combat between 

government and opposition forces, changes in political control of some areas in the outbreak 

zone between rounds, and substantial logistical constraints in transportation and storage of 

vaccines. While contested sovereignty has been viewed as an obstacle to mounting effective 

public health responses in settings of conflict,[32] GPEI’s interagency structure allowed it to 

draw on the strengths of its different partners to play an intermediary role between warring 

factions to facilitate outbreak response activities while maintaining its political neutrality. 

This, of course, would not have been possible without the cooperation and resilience of the 

Syrian people across the political divide, who demonstrated strong acceptance of the need to 

vaccinate their children against polio.

Certain limitations should be taken into consideration in interpreting our findings. The 

OPV vaccination status of all cVDPV2 case-patients as well as all other non-polio AFP 

case-patients was ascertained based on caregiver recall and did not specify which type of 

OPV was received, and as such may be subject to recall and misclassification bias. Further, 

in the absence of reliable data on IPV vaccination, we used only the OPV vaccination status 

of non-polio AFP cases as a proxy for the quality of polio immunization coverage. While 

this could lead to inaccurate estimates of polio immunity within specific geographic areas of 

Syria, the poor vaccination status of cVDPV2 cases reported from outbreak-affected areas 

supports the metric’s usefulness as an indicator of polio immunity.

With the surge in the number of countries experiencing cVDPV outbreaks in Africa and 

elsewhere around the world,[16,33–34] the response to the cVDPV2 outbreak in Syria 

Mbaeyi et al. Page 8

Vaccine. Author manuscript; available in PMC 2023 July 14.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



provides several important lessons. First, while AFP surveillance remains the key method 

for poliovirus surveillance, it may not be sufficient for timely detection of cVDPV outbreaks 

owing to subnational gaps, especially in areas where access is limited by insecurity and bans 

on routine immunization or other polio activities. The possibility of prolonged poliovirus 

circulation in sequestered populations without the detection of paralytic cases should be a 

consideration in establishing environmental sewage sampling sites as an ancillary means 

of poliovirus surveillance, where feasible.[35–37] Second, high quality mOPV2 SIAs are 

effective in stopping cVDPV2 outbreaks, especially when implemented in a timely manner.

[38] The demographic and geographic scope of these rounds should be informed not only 

by the areas where there is active virus transmission but also by the historical context of 

vaccination within the country as a whole. Historically high prewar vaccination coverage 

and the response to a previous WPV1 outbreak in Syria played a role in limiting the scope 

of the subsequent cVDPV2 outbreak. Consideration should be given to large-scale national 

or subnational mOPV2 vaccination campaigns in response to cVDPV2 isolation in countries 

with historically low vaccination coverage. Finally, the successful response to the cVDPV2 

outbreak in Syria demonstrates that communities with positive attitudes towards vaccination 

are capable of overriding the seemingly insurmountable barriers of conflict and insecurity to 

halt disease outbreaks.
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Fig. 1. 
Distribution of cases of circulating vaccine-derived poliovirus type 2 (cVDPV2), by 

governorate and month of paralysis onset — Syria, 2017.
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Fig. 2. 
Geographic distribution of cases of circulating vaccine-derived poliovirus type 2 (cVDPV2) 

– Syria, 2017.
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