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a b s t r a c t

Widespread administration of oral poliovirus vaccine (OPV) has decreased global incidence of poliomyeli-
tis by �99.9%. However, the emergence of vaccine-derived polioviruses (VDPVs) is threatening polio-
eradication program. Primary immunodeficiency (PID) patients are at higher risks of vaccine-
associated paralytic poliomyelitis (VAPP) and prolonged excretion of immunodeficiency-associated
VDPV (iVDPV).
We searched Embase, Medline, Science direct, Scopus, Web of Science, and CDC and WHO databases by

30 September 2016, for all reports of iVDPV cases. Patient-level data were extracted form eligible studies.
Data on immunization coverage and income-level of countries were extracted fromWHO/UNICEF and the
WORLD BANK databases, respectively. We assessed bivariate associations between immunological, clin-
ical, and virological parameters, and exploited multivariable modeling to identify independent determi-
nants of poliovirus evolution and patients’ outcomes. Study protocol was registered with PROSPERO
(CRD42016052931).
4329 duplicate-removed titles were screened. A total of 107 iVDPV cases were identified from 68 eli-

gible articles. The majority of cases were from higher income countries with high polio-immunization
coverage. 74 (69.81%) patients developed VAPP. Combined immunodeficiency patients showed lower
rates of VAPP (p < .001) and infection clearance (p = .02), compared to humoral immunodeficiency
patients. The rate of poliovirus genomic evolution was higher at early stages of replication, decreasing
over time until reaching a steady state. Independent of replication duration, higher extent (p = .04) and
rates (p = .03) of genome divergence contributed to a less likelihood of virus clearance. PID type (p < .0
01), VAPP occurrence (p = .008), and income-level of country (p = .04) independently influenced patients’
survival.
With the use of OPV, new iVDPVs will emerge independent of the rate of immunization coverage.

Inherent features of PIDs contribute to the clinical course of iVDPV infection and virus evolution. This
finding could shed further light on poliomyelitis pathogenesis and iVDPV evolution pattern. It also has
implications for public health, the polio eradication effort and the development of effective antiviral
interventions.
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1. Introduction

Since the foundation of Global Polio Eradication Initiative, bil-
lions of oral poliovirus vaccine (OPV) doses have been adminis-
tered as the mainstay of polio-eradication strategy due to lower
cost, ease of administration, and the ability to induce intestinal
immunity and passively immunize contacts in areas of poor sanita-
tion. This has led to �99.9% decreased in annual incidence of wild-
type poliomyelitis from 350,000 cases in 1988 to 35 cases in 2016.
However, emergence of neurovirulent vaccine-derived polio-
viruses (VDPVs) has raised concerns regarding continued OPV
use [1–3].

Normally, attenuated viruses replicate in the gastrointestinal
(GI) tract of OPV recipients for a short period and disappear in 2–
6 weeks after OPV exposure [4]. In rare situations, particularly in
immunocompromised patients, vaccine-polioviruses are not
cleared from GI tract and continue to replicate for prolonged dura-
tions. The unstable genome of OPV strains is susceptible to sponta-
neous mutations, occurring to �1–2% of nucleotides in viral
protein 1 (VP1) region per each year of replication. Revertant sub-
stitutions in modified genes of OPV strains, in very rare instances
(1 in every 2.7 million doses) recover neurovirulent potential
resulting in vaccine-associated paralytic poliomyelitis (VAPP)
[2,5–7]. VDPVs are defined as poliovirus serotypes 1&3 with >1%,
and serotype 2 with >0.6% divergence in VP1 coding region from
the parental OPV strains [8].

Primary immunodeficiency (PID) patient are at �3000-fold
increased risk of VAPP, and may chronically excrete
immunodeficiency-associated VDPVs (iVDPVs) in stool. iVDPV
emergence is a major challenge for the polio-eradication program.
Vaccine viruses may also continue replication by infecting several
healthy hosts, through person to person transmission in under-
immunized communities, and attain genetic drift to meet the def-
inition of circulating-VDPVs [2]. Ambiguous VDPVs are isolates
from either immunocompetent individuals or the environmental
samples, without any evidence of community circulation [2]. In
addition to the risk that all 3 VDPV categories pose to the current
eradication efforts, a silent excretion of divergent viruses by PID
patients presents a long-term risk of polio-outbreak after OPV ces-
sation [2,5,8,9]. A literature review on this topic is provided in Sup-
plementary Background.

Despite the passage of more than 54 years from identifying the
first iVDPV patient in 1962, most of our understandings about dif-
ferent aspects of iVDPV infection have come from case studies,
each presenting a limited number of patients. Previous review
studies provided valuable findings regarding the epidemiological
aspects of the infection. However, they lacked in-depth analysis

of clinical and immunological parameters [10,11]. We conducted
this systematic review of iVDPV cases and analyzed the associa-
tions between clinical, immunological and virological variables to
identify factors which determine presentations and outcomes of
these patients, as well as the pattern of iVDPV genomic evolution.

2. Methods

This systematic review has been registered with PROSPERO
(http://www.crd.york.ac.uk/PROSPERO/display_record.asp?ID =
CRD42016052931). We conducted a systematic search of CDC and
WHO websites and electronic databases: Embase, Medline, Science
direct, Scopus, and Web of Science till 30 September 2016, to find
articles describing at least 1 immunodeficient patients who shed
VDPV. We designed a sensitive search strategy using the key words
‘‘poliomyelitis”, ‘‘oral poliovirus vaccine”, ‘‘vaccine-derived
poliovirus”, ‘‘immunodeficiency”, and their related terms. No
restrictions were considered for study design and publication time.
Articles in English and French were included. Study selection and
quality assessment were performed by 2 reviewers. The quality
of articles was not a matter of exclusion and was used when there
was an inconsistency in results between papers, with the highest
quality paper being used when different articles referred to the
same cases.

Two reviewers independently extracted patient-level data in
terms of epidemiological data, patients’ characteristics, and fea-
tures of iVDPV infection. Possible discrepancies were resolved by
consensus or consulting a third reviewer.

Data on polio-immunization coverage and income-level of
countries were extracted from WHO [12] and the World-Bank
[13] databases, respectively. When available, the interval between
presumed infective OPV dose and the latest positive stool speci-
men was calculated to estimate total virus replication time. Other-
wise, results of phylogenetic analysis of poliovirus RNA reported by
original case-studies were considered for this estimation. This was
in line with the most recent strategy used by CDC/WHO to esti-
mate this duration [11,14]. We defined ‘‘iVDPV detection speed”
as an index of how quickly excretion was documented, which
was calculated as the duration of virus shedding under observation
divided by the total virus replication time. ‘‘Virus evolution rate”
was defined as the maximum percent VP1 divergence divided by
the total virus replication time. PIDs were categorized into 2
groups of predominantly antibody deficiencies (PADs) and com-
bined immunodeficiencies (CIDs) based on International Union of
Immunological Societies (IUIS) classification [15]. After summariz-
ing the descriptive results, bi-variate and multivariable analyses
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