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Abstract

Background—\Vaccine-derived polioviruses (VDPVSs), strains of poliovirus mutated from the
oral polio vaccine, pose a challenge to global polio eradication. Immunodeficiency-related
vaccine-derived polioviruses (iVDPVSs) are a type of VDPV which may serve as sources of
poliovirus reintroduction after the eradication of wild-type poliovirus. This review is a
comprehensive update of confirmed iVDPV cases published in the scientific literature from 1962
to 2012, and describes clinically relevant trends in reported iVDPV cases worldwide.

Methods—We conducted a systematic review of published iVDPV case reports from January
1960 to November 2012 from four databases. We included cases in which the patient had a
primary immunodeficiency, and the vaccine virus isolated from the patient either met the
sequencing definition of VDPV (>1% divergence for serotypes 1 and 3 and >0.6% for serotype 2)
and/or was previously reported as an iVDPV by the World Health Organization.

Results—We identified 68 iVDPV cases in 49 manuscripts reported from 25 countries and the
Palestinian territories. 62% of case patients were male, 78% presented clinically with acute flaccid
paralysis, and 65% were iVDPV2. 57% of cases occurred in patients with predominantly antibody
immunodeficiencies, and the overall all-cause mortality rate was greater than 60%. The median
age at case detection was 1.4 years [IQR: 0.8, 4.5] and the median duration of shedding was 1.3
years [IQR: 0.7, 2.2]. We identified a poliovirus genome VVP1 region mutation rate of 0.72% per
year and a higher median percent divergence for iVDPV1 cases. More cases were reported from
high income countries, which also had a larger age variation and different distribution of
immunodeficiencies compared to upper and lower middle-income countries.
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Conclusion—Our study describes the incidence and characteristics of global iVDPV cases
reported in the literature in the past five decades. It also highlights the regional and economic
disparities of reported iVDPV cases.
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1. Introduction

The prevalence of poliomyelitis has decreased dramatically since the 1960s with the
development and widespread use of the live attenuated Sabin oral poliovirus vaccine (OPV).
OPV became the backbone of worldwide vaccine strategies launched by the Global Polio
Eradication Initiative (GPEI) due to its low cost, ability to induce mucosal immunity, and
ease of administration [1,2]. However, the potential for OPV to mutate into neurovirulent
strains through prolonged intestinal replication—which can result in vaccine-derived
poliovirus (VDPV) outbreaks—poses a challenge to global polio eradication [3-5]. Given
their relation to key polio endgame issues such as OPV cessation and vaccine stockpile
design, VDPVs thus have implications for vaccination policies worldwide [6,7]. Numerous
studies have been conducted to assess the risks, costs, and benefits of different eradication
options, including the evaluation of scenarios with VDPVs [8-11].

VDPVs are identified based on their degree of genetic divergence from the parent OPV
strain and can be comparable to wild-type poliovirus in their capacity to cause paralysis
[12]. By definition, VDPVs of serotypes 1 and 3 have >1% genetic divergence, whereas
VDPVs of serotype 2 have >0.6% divergence from parent OPV strains [12]. VDPVs are
classified into 3 categories: cVDPVs, aVDPVs, and iVDPVs. Circulating vaccine-derived
polioviruses (cVDPVs) occur when VDPVs establish and sustain circulation in under-
immunized communities for an extended period of time [9,13-16]. Ambiguous vaccine-
derived polioviruses (aVDPVs) are either isolated from people with no known
immunodeficiency or from sewage whose ultimate source is unknown [16-18].
Immunodeficiency-related vaccine-derived polioviruses (iVDPVSs) are a special case of
VDPVs in which patients have a primary immunodeficiency (PID) [16, 19]. Unlike
immunocompetent persons, who excrete the vaccine virus for a limited period of time, some
immunodeficient persons are unable to clear intestinal replication of the vaccine virus after
exposure to OPV [19,20]. In this regard, iVDPVs pose a significant threat to the eradication
campaign, as individuals that harbor the vaccine virus for prolonged periods of time could
serve as sources of poliovirus reintroduction after polio eradication [16,21, 22].

Several key efforts have been made to achieve better assessment of the risks posed by
iVDPVs in recent years. The GPEI maintains a registry of iVDPV cases. Although this
registry is not publicly available, a list of these cases is periodically published in the World
Epidemiological Record (WER) and Morbidity and Mortality Weekly Report (MMWR)
[12,23-31]. Additional studies have been launched to search for potential iVDPV carriers.
Although these studies either identified no or few cases, they are an important step toward
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understanding the true risk and prevalence of iVDPVs, as well as in confirming the
feasibility and value of conducting polio surveillance programs [32-36].

A review by Kew et al. [19] providing a comprehensive overview of VDPVs included a brief
chapter summarizing the main features of iVDPVs and a list of documented iVDPV
excretors from 1962 to 2003. A review by Tebbens et al. [21] investigating the risks of
continued vaccination with OPV modeled the occurrence of paralysis due to infection with
the vaccine virus by type of VDPV. A list of iVDPV cases reported in 1962—-2005 was
presented, which the authors drew upon for inputs to their model. They also stratified their
analysis by income level of the country in which a case was reported to assess regional
differences. A review by Van de Ven et al. [37] explored the role of prolonged
gastrointestinal infections in causing inflammatory enteropathy in patients with a PID.
Poliovirus was among the enteroviruses examined, and the authors identified a select
number of cases that were iVDPVs, with the most recent case reported in 2005.

In light of the initiatives launched by the GPEI and other researchers, as well as prior
reviews regarding iVDPVs, we present the results of a systematic review of reported iVDPV
cases in the literature from 1962 to 2012. The aims of this study are twofold. The first is to
present general characteristics and significant trends observed amongst iVDPV cases over
five decades, elucidating key findings that have implications for polio eradication such as
patterns in poliovirus genome evolution, regional differences in case prevalence, and
information regarding case detection and transmission. Over 30 iVDPV cases have been
reported since 2006, and given the increasing attention paid to iVDPVs as the world
approaches polio eradication, our review provides an update on confirmed iVDPV cases
published in the scientific literature.

Second, we aim to foster greater interest and further research regarding iVDPVs that will be
useful in the development of appropriate vaccination strategies and policies to achieve and
maintain polio eradication. To date, there are no licensed antiviral compounds for poliovirus.
There are several antiviral agents such as pirodavir and pleconaril that are known to inhibit
poliovirus replication and hence chronic excretion, but data have shown that pleconaril lacks
efficacy against certain serotypes of poliovirus [38]. Thus far, the Polio Antivirals Initiative
(PAI) has reported pocapavir as a promising agent [39-41].

2. Methods

2.1. Search strategy

Published citations of iVDPV cases from January 1960 to November 2012 were obtained
using search strings developed for PubMed, Science Direct, Scopus, and Web of Science,
respectively. Key words used to identify citations containing iVDPV cases included
immunodeficiency, immunocompromised, immunosup-pressed, polio, poliomyelitis,
“vaccine derived polioviruses”, VDPV, iVDPYV, “oral poliovirus vaccine”, OPV, “acute
flaccid paralysis”, AFP, “vaccine associated paralytic poliomyelitis”, recombinant, chronic,
long-term, persistent, prolonged, and excretion. Key words were arranged according to
syntax and format restrictions within each database. All four search strings (listed in
Supplementary Table 1) were inputted in their respective databases on November 22, 2012.
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No citations published after this date were included in our study. Only citations published in
English, Chinese, Spanish, and French were considered.

2.2. Screening process: inclusion and exclusion criteria

After the removal of duplicate citations, two teams—each consisting of two researchers (J.G.
and N.S., M.H. and S.B.W.)—identified potential cases by reviewing the titles and abstracts
of the search string results. Citations focused on non-human studies, non-polio infections,
non-primary immunodeficiencies, vaccine safety guidelines and contraindications, and
general immunization policies were excluded at this stage.

Two researchers (J.G. and S.B.W.) then reviewed all potential cases in full to determine if
they met our inclusion criteria. We included cases in which (1) the patient had a PID
reported by the authors, and (2) the vaccine virus isolated from the patient met the
sequencing definition of VDPV (>1% divergence for serotypes 1 and 3 and >0.6% for
serotype 2) and/or the case was identified by the World Health Organization (WHO) or
Centers for Disease Control (CDC) in the WER or MMWR as an iVDPV case. We excluded
manuscripts focused upon cVDPVs, aVDPVs and reports of immunodeficient persons
shedding a poliovirus but which had no sequencing data and had never been reported in a
WER/MMWR. Fig. 1 depicts the screening process.

2.3. Data extraction

Cases were extracted in duplicate by two researchers (J.G. and S.B.W.) and recorded
according to the following parameters: year of case detection, gender and age of the patient,
case country of origin, type of PID, serotype of shed virus, percent divergence of shed virus,
duration of shedding, vaccination history, treatment status, presence of acute flaccid
paralysis (AFP), and survival status. The recorded age was the age of onset of paralysis for
the patient or the age of detection in the case of asymptomatic patients. Country of case
origin was the country where the iVDPV case was detected. Data on the types of treatment
received, the cause of death, and the reason for cessation of shedding were recorded for a
smaller subset of cases that had this information available.

When discrepancies arose between data extracted by the two researchers (J.G., S.B.W.), a
third researcher (M.H. or N.S.) was consulted. Many cases were described in more than one
citation, and when discrepancies arose amongst the sources themselves, we extracted data
from the most detailed citation or data that was reported in the majority of the related
citations.

The classification of the income level of the country was designated according to criteria
proposed by the World Bank [42]. Economies are divided according to 2012 gross national
income (GNI) per capita, calculated using the World Bank Atlas method. The groups are /ow
income, $1035 or less; lower middle income, $1036-$4085; upper middle income, $4086—
$12,615; and high income, $12,616 or more.

Immune disorders were broadly classified per the Expert Committee of the International
Union of Immunological Societies [43] as follows: predominantly antiboady deficiency —
including agammaglobulinemia, hypogammaglobulinemia, common variable
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immunodeficiency, x-linked agammaglobulinemia, or other antibody deficiency; combined
immunodeficiency — including severe combined immunodeficiency (SCID), major
histocompatibility complex class Il deficiency, human leukocyte antigen deficiency; PID-not
specified—cases whose immune disorders were not specified by the authors; or P/D-other—
whichwas comprised of immune disorders that did not fall into the previous categories.

Duration of shedding was measured from the last OPV dose administered to the last stool
sample in which OPV was detected (calculated definition); this is a more conservative way
to estimate duration of shedding [18,44,45]. When it was not possible to calculate the
duration of shedding from the data in the case report, we used the duration of shedding
reported by the author (reported definition).

2.4, Statistical analysis

3. Results

Statistical analyses were performed in R (version 3.0.1) [46]. Single and multivariable linear
regressions were used to examine the relationship between duration of shedding and iVDPV
genetic divergence. The Wilcoxon signed-rank test was performed to assess the different
genetic divergence of iVDPV serotypes. Categorical data were compared using a 2-tailed
Fisher exact test. A p-value of <0.05 was considered statistically significant.

3.1. Prevalence and location of iVDPV cases

68 iVDPV cases from 49 manuscripts published between January 1960 and November 2012
met our inclusion criteria. We excluded eight manuscripts that described immunodeficient
persons shedding poliovirus but did not report sequencing data to confirm that this shed
virus was a VDPV [47-54]. None of the cases reported in these manuscripts was ever
reported in a WER/MMWR. Most of these manuscripts were published before the onset of
routine OPV sequencing.

Fig. 2 shows the iVDPV case incidence over time. A noticeable increase in the number of
cases occurred in the early 2000s. The highest number of reported cases occurred in 2011 (n
=12). Fig. 3 illustrates iVDPV case incidence over time by income level of the country
where the case was detected. From 1960 to the early 1990s, iVDPV cases were reported
only in high income countries. However, a decade later, the rapid increase in the number of
cases reported in lower middle and upper middle income countries occurred simultaneously
with the decline in case incidence in high income countries. 64% (9/14) and 41% (11/27) of
the cases in lower and upper middle income countries, respectively, were reported in 2010—
2012, whereas high income countries did not have a clear peak in case incidence.

Fig. 4 shows the geographical distribution of reported iVDPV cases, and the corresponding
number of cases for each respective country. Twenty-five countries and the Palestinian
territories (West Bank and Gaza Strip) reported iVDPV cases, although most countries
reported only one case. Half (n7= 34) of the cases included in our analysis were from four
countries: Iran, the United States, U.K., and China. Nine cases were reported in four African
countries. More countries in Asia and the Middle East appear to have reported >1 case, but
iVDPV case incidence was not isolated to a particular region.
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3.2. Characteristics of iVDPV cases

Table 1 summarizes characteristics for the included iVDPV cases. Over 60% of case patients
were male, 78% of the cases presented clinically with AFP, and 65% of the cases were
iVDPV2. There were six cases of concurrent multi-serotype infections: three were iVDPV1
and iVDPV2 co-infections, and the other three were iVDPV2 and iVDPV3 co-infections.
Over half of all cases occurred in patients with immunodeficiencies classified as
predominantly antibody deficiencies, and the overall all-cause mortality rate was greater
than 60%.

The median age at the time of case detection was 1.4 years [interquartile range (IQR): 0.8,
4.5]. In the cohort of case patients that were reported to be alive at the time of last follow up,
the median age at case detection was 4.5 years [IQR: 1.2, 9.1] compared with 1.3 years
[IQR: 0.7, 2.0] in case patients that had died. Duration of shedding was also examined
separately according to survival status. While the overall median duration of shedding was
1.3 years [IQR: 0.7, 2.2], the duration for the surviving cohort was 1.5 years [IQR: 0.4, 3.0].

Of 68 cases, two cases that were iVDPV2 had divergence less than 1% (at 0.88% and 0.9%
respectively) [44,55]. iVDPV1 cases had a higher median percent divergence than both
iVDPV2 and iVDPV3 cases (3.2% for iVDPV1 compared to 2% for both iVDPV2 and
iVDPV3; p=0.004, Wilcoxon signed-rank test). The IQR for median percent divergence of
iVDPV1 [2.4%, 4.0%] did not overlap with the IQRs of iVDPV2 [1.4%, 2.3%] and iVDPV3
[1.3%, 2.2%] cases.

The relationship between the percent divergence of the iVDPV isolate and the duration of
shedding (both calculated and reported definitions included) for a given case is presented in
Fig. 5 (n=57). The overall trend presents a positive linear association between percent
divergence at the VVP1 (viral protein 1) region of the poliovirus genome and duration of
shedding. The majority of cases shed for less than three years. Single and multivariable
regressions were performed to further assess the effect of shedding duration and serotype on
divergence. Shedding duration and age were statistically associated with divergence — each
additional year of shedding and age corresponded to an increase in the percent divergence by
0.72% and 0.08%, respectively, even after controlling for gender, presence of AFP, serotype,
and survival status (p<3e~1%; p<0.00013).

Analyses were conducted to further examine the relationship between immunodeficiency
and survival status of the cases. 89% (8/9) of patients with SCID died, whereas the mortality
rate for patients with an immunodeficiency classified as a predominantly antibody
deficiency was 50% (17/34). There was a lower survival rate for females compared to males,
however, this was not statistically significant (24% versus 44%, Fisher exact test, p= 0.22).
Data on the interval from the onset of AFP to patient death were available for only 15 cases.
The median time to death was six months [IQR: 4.0, 24.0]. iVDPV classified as
predominantly antibody deficiency constituted 69% (18/26) and 57% (16/28) of cases in
high income and upper middle income countries, respectively, but only 36% (5/14) in lower
middle income countries (Fisher exact test, p = 0.051). In fact, PID-not specified cases
comprised the largest group for lower middle income countries (46%, 6/13).
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Patients from lower middle income countries had a mortality rate of 80% (8/10), compared
to 58% (14/24) for both high income and upper middle income countries. However, this
difference was not statistically significant (Fisher exact test, p = 0.49). Additionally, there is
a much larger variation in age at presentation for cases from high income countries
compared to upper and lower middle income countries (IQRs for median age at presentation
are [0.9, 13.8], [0.8, 2.0], and [0.5, 1.7] for high, upper middle, and lower middle income
countries, respectively).

The majority of cases (93%, 63/68) occurred in countries that exclusively used OPV at the
time of case presentation. Germany and the United States reported one and two iVDPV
cases, respectively, after their switch to an IPV-only regimen [56-58]. Italy and the West
Bank and Gaza Strip reported an iVDPV case when using a mixed IPVV/OPV vaccination
schedule [12,55].

87% (20/23) of cases stopped excretion either randomly or through death. Only three cases
stopped excretion after treatment for their immunodeficiency [33,45,59]. The majority
(11/13) of deaths were reported to be due to the patient's PID, and only two cases were
specified to be a result of paralytic poliomyelitis [44,45].

Five iVDPV cases were identified as contacts exposed to a recent OPV recipient
[45,57,58,60,61]. Two of these cases were household contacts of a healthy infant vaccinated
with OPV [45,57]. Other cases occurred through exposure to OPV in communities with low
vaccine coverage [58], and in the case of one patient, the pediatric ward where he had
worked as a nurse [60]. Two of the contact cases had received at least one IPV dose [45,60].
14 cases (21%) were identified through methods that did not include detection of AFP.

4. Discussion

This study is a comprehensive update of confirmed iVDPV cases published in the scientific
literature from 1962 to 2012. We found that the majority of reported iVDPV cases had
underlying antibody deficiencies, presented with AFP, and died with an overall mortality
rate of 62%. We identified a poliovirus genome VP1 mutation rate of 0.72% per year
through regression analysis, as well as a higher median percent divergence for iVDPV1
cases. This mutation rate, which approaches the estimated poliovirus genome mutation rate
of 1% per year [31], was comparable across serotypes as it held true when serotype was
added as a control variable in the multivariable regression analysis. Accordingly, it follows
that given the same mutation rate, the longer average shedding duration of iVDPV1—with a
median length of 2.67 years—resulted in more mutations and hence a higher median
reported divergence than the other serotypes.

Our study highlights important aspects of iVDPVs that could influence the post eradication
strategy. The current vaccination strategy recommended by the WHO—the replacement of
the triva-lent OPV (tOPV) with the combined regimen of bivalent type 1/type 3 OPV
(bOPV) and 1 IPV dose—was made based on the elimination of wild poliovirus type 2
[56,62,63]. However, a large proportion of our identified cases shed iVDPV2. In fact, only
30% of patients shed exclusively iVDPV1 or iVDPV3. Furthermore, the majority of cVDPV
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outbreaks worldwide are caused by serotype 2 [9,64,65], and uncertainty remains regarding
IPVs ability to provide enough mucosal protection against serotype 2 to prevent outbreaks
caused by re-introduction of VDPV-2 in the post-tOPV era [66].

Second, more than 20% of the iVDPV cases included in our analysis were asymptomatically
shedding divergent virus. This alludes to a likely much larger pool of infected poliovirus
patients that still remain undetected and highlights the underestimation of iVDPV prevalence
already noted in the literature [67]. Together, these results demonstrate the well-known risks
that immunodeficient individuals pose to polio eradication: they may unknowingly serve as
point sources for iVDPV—particularly iVDPV2—reintroduction of polio [22]. Hence,
strengthening polio surveillance programs to identify iVDPVs is critical in the post-
eradication era, particularly given the suspected iVDPV cases identified in some studies
[68—71]. Previous studies launched to identify iVDPVs have demonstrated the practicality of
these surveillance programs [34,35,72], and a multinational surveillance study led by the
Jeffrey Modell Foundation is currently underway [73].

Third, five iVDPV cases identified in our analysis did not receive OPV directly and instead
acquired OPV from exposure to vaccinated family members or contacts. This emphasizes
the dangers that continued use of OPV poses even if guidelines are followed and
immunodeficient persons are not vaccinated directly.

There were limitations to our study. Since the primary source of data was case reports, there
was variation in the details reported for each case resulting in missing information for
certain parameters. However, we applied a conservative and consistent approach to the data
extraction, omitted equivocal information for data quality purposes, and also sought a third
party reviewer to resolve any discrepancies. In order to accurately assess the relationship
between the percent divergence of iVDPV strains and the duration of shedding, the same
measure for duration of shedding (last OPV to last positive sample) was calculated for each
case when available. When this information was missing, we relied upon the duration of
shedding measure provided by the authors of the case report; the method by which the
authors calculated this measure is unclear. Thus there may be heterogeneity in our duration
of shedding calculations. However, median duration of shedding between these two
definitions was similar: 1.1 years [IQR: 0.64, 2.9] and 1.3 years [IQR: .67, 2.0] for
calculated and reported definitions, respectively.

In addition, the duration of shedding in our analysis may have been artificially shortened by
the high mortality rate among cases if the patient was still shedding at the time of death and
the inherent bias in that shedding is only reported starting at case detection. Lastly, we only
included iVDPV cases reported in manuscripts cataloged in PubMed, Scopus, Science
Direct, and Web of Science. These databases do not routinely catalog regional polio meeting
reports, which may have reported additional iVDPV cases. We also did not include cases
that lacked sequencing data and were not reported in a WER/MMWR to confirm that the
shed virus was an iVDPV. Thus the true incidence of reported or detected iVDPV cases is
likely higher than we report here.
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The majority of our cases presented with AFP. However, this reflects the source of our data
(published literature) as many iVDPV shed OPV asymptomatically [32,33,35]. The majority
of our cases occurred in patients with immunodeficiencies classified as predominantly
antibody deficiencies, which is likely due in part to the differential prevalence of combined
immunodeficiencies and predominantly antibody deficiencies. SCID, a combined
immunodeficiency and the most severe form of PID, is associated with a high mortality rate;
this may contribute to the lower prevalence of combined immunodeficiencies compared to
predominantly antibody deficiencies identified in the general population as well as our study
[74]. Given the higher mortality rate of SCID patients, it is likely that some SCID patients
died before they were diagnosed with iVDPV in our sample [43].

Finally, a main implication of our study is the regional and economic disparities seen in the
iVDPV cases. The trends in increasing incidence over time (Fig. 2) can be accounted for by
the launch of the GPEI and the start of routine surveillance programs and VPDV sequencing
by the WHO in 2001. The shift in the incidence of reported iVDPV cases from high income
to upper middle and lower middle income countries (Fig. 3) is reflective of a few factors at
play. First, the decline of iVDPV cases in high-income countries of iVDPV cases in the past
decade is due to the change in vaccination schedules in the early 2000s for many of these
countries. Specifically, countries including the U.S., U.K., and others in Europe switched
from OPV and mixed OPV/IPV regimens to the exclusive use of IPV [75-77].

Second, the regional shift in iVDPV incidence is also reflective of a change in the level of
polio surveillance in recent years. Implementation of intensified surveillance for VDPVs and
special studies of iVDPV excretion among patients with PIDs in developing and middle-
income countries began in the mid-2000s, and the results of these efforts as presented in this
study are apparent [12,32,34,35]. In other words, countries that have the means to perform
VDPV sequencing—either through their own resources or from support provided by others
—and the healthcare services to properly diagnosis immune disorders are overrepresented.
The fact that no iVDPV cases were reported in the lowest income countries provides a
nuance to this phenomenon, in that polio surveillance may be available in these countries but
they still lack the resources and healthcare infrastructure to diagnosis surviving patients with
PID. In this regard, these economic and regional differences demonstrate the underreporting
of cases and hence the overall underestimation of iVDPV incidence in the literature. In fact,
the other differences identified—the larger variation in age for high income countries and
the higher mortality rate and proportion of PID-not specified cases from lower middle
income countries—are also likely a consequence of economic and regional disparities.

5. Conclusion

This study is a comprehensive update of confirmed iVDPV cases published in the scientific
literature spanning five decades. It describes clinically relevant trends in reported iVDPV
cases worldwide and also highlights the regional and economic disparities of reported
iVDPV cases. These results may be informative in designing policy in the post-eradication
era, given the relevance of iVDPV cases to polio endgame issues such as OPV cessation and
ecologic poliovirus surveillance.
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2583 citations identified from
four electronic databases

498 duplicates removed

v

v

All titles and abstracts
screened by two teams of
two reviewers

A 4

197 potential relevant manuscripts
reviewed in full by two reviewers

.| 148 manuscripts did not meet
the iVDPV case definition

A 4

49 manuscripts included
68 iVDPV cases identified

Fig. 1.

chreening process for included manuscripts. This figure demonstrates the screening process
for included and excluded citations from PubMed, Science Direct, Scopus, and Web of
Science. Cases were included if (1) the patient had a PID reported by the authors, and (2) the
vaccine virus isolated from the patient met the sequencing definition of VDPV (>1%
divergence for serotypes 1 and 3 and >0.6% for serotype 2) and/or the case had been
previously reported as an iVDPV by the World Health Organization.
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Fig. 2.

iVDPV incidence over time. This figure demonstrates the incidence of reported iVDPV

cases included in our analysis.
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Fig. 3.

ngDPV incidence by income level of country of case origin overtime. This figure
demonstrates iVDPV incidence by income status of the country of origin. Income level of
the country is designated according to 2012 GNI per capita, calculated using the World Bank
Atlas method. The groups are stratified as follows: fow income: $1035 or less; lower middle
income, $1036-$4085; upper middle income, $4086-$12,615; and high income, $12,616 or
more.
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Fig. 4.
Reported iVDPV cases from 1960 to November 2012. This figure demonstrates the

geographical representation of the iVPDV cases identified in our review, and the
corresponding number of cases for each respective country. Twenty-five countries and the
Palestinian territories (West Bank and Gaza Strip) reported iVDPV cases, although most
countries reported only one case. Half (7= 34) of cases included in our analysis were from
four countries: Iran, the United States, U.K., and China. Nine cases were reported in four
African countries. More countries in Asia and the Middle East appear to have reported =1
case, but iVDPV case incidence was not isolated to a particular region.
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Fig. 5.
Correlation of duration of shedding and the genetic divergence of iVDPVs. This figure

demonstrates the relationship of percent genetic divergence of OPV strains at the VP1 region
with the duration of shedding (for both calculated and reported definitions) of the iVDPV
cases included in our analysis. Single and multivariable regressions were performed.
Shedding duration and age were statistically associated with divergence and age — each
additional year of shedding and age corresponded to an increase in the percent divergence by
0.72% and 0.08%, even after controlling for gender, presence of AFP, serotype, and survival
status (p<3e~15; p<0.00013). However, it is important to note that there are limitations in
this analysis given the high mortality rate among case patients if the patient was still
shedding at the time of death and the inherent bias in that shedding is only reported starting
at case detection. Both these factors may have artificially shortened the measure for duration
of shedding.
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Table 1
Characteristics of iVDPYV cases.
Characterigtic Number of cases’ (n=68) Results
Gender, % male (n) 55  62% (34)
Median age at time of case detection (IQR) 63 1.4 years (0.82,4.5)
Died, % (1) 58  62% (36)
Median time between paralysis and death (IQR) 15 0.5 years (0.25, 2.0)
Median calculated duration of shedding? (IQR) 20 1.1years(0.64,2.9)
Median reported duration of shedding? (IQR) 47 1.3 years (0.67,2.0)
Median combined duration of shedding? (IQR) 67 13years(0.67,2.2)
Presented with acute flaccid paralysis, % (1) 67 78% (53)
Serotype identified and divergence 747
Serotype 1
Median percent divergence (IQR) 15 3.2% (2.4,4.0)
Serotype 2
Median percent divergence (IQR) 48  2.0% (1.4,2.3)
Serotype 3
Median percent divergence (IQR) 11 2.0% (1.3,2.2)
Immune disorder 68
Predominantly antibody immunodeficiency, % 39 57%
Combined Immunodeficiency, % 15 22%
Primary immunodeficiency (other), % 1 15%
Primary immunodeficiency (unspecified), % 13 19%

This table describes characteristics of iVDPV cases included in our analysis.

*
Only cases with available information were analyzed for each parameter. Duration of shedding was recorded according to the following

definitions:

1 . . . -
Calculated as the time from last OPV administration to last positive stool sample.

2 .
As reported by author of original case report.

3C0mbined calculated and reported values.

fThere were more serotypes detected than cases because 6 iVDPVs had multi-serotype infections.

§

Page 20

Immune disorders were categorized as follows: predominantly antibody deficiency =agammaglobulinemia, hypogammaglobulinemia, common
variable immunodeficiency, x-linked agammaglobulinemia, or other antibody deficiency; combined immunodeficiency = severe combined

immunodeficiency, major histocompatibility complex class 11 deficiency, human leukocyte antigen deficiency; primary immunodeficiency-other =
immune disorders that either did not fall into the previous categories; or primary immunodeficiency-not specified = cases whose immune disorders

were not specified by the authors.

Vaccine. Author manuscript; available in PMC 2017 July 26.



	Abstract
	1. Introduction
	2. Methods
	2.1. Search strategy
	2.2. Screening process: inclusion and exclusion criteria
	2.3. Data extraction
	2.4. Statistical analysis

	3. Results
	3.1. Prevalence and location of iVDPV cases
	3.2. Characteristics of iVDPV cases

	4. Discussion
	5. Conclusion
	References
	Fig. 1
	Fig. 2
	Fig. 3
	Fig. 4
	Fig. 5
	Table 1

