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This is the first report of persistent oropharyngeal mucosal infection with type 2 poliovirus (iVDPV2) in a
primary immune deficient patient (PID) after wild type 2 poliovirus eradication. The iVDPV2 also
established persistence in the gut. iVDPV2 at both loci evolved independently. Persistent oral infections
present a potential risk for oral-oral as well as fecal-oral poliovirus transmission during transition to a
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Introduction

Wild type 2 poliovirus (WPV2) was declared eradicated in
September 2015 (Jorba et al., 2018; GPEI, 2015). In April, 2016, the
type-2 strain of oral polio vaccine (OPV2) was withdrawn globally
from routine use in live vaccines to prevent reemergence of type 2
vaccine derived poliovirus (VDPV2)and vaccine-associated paralytic
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polio (VAPP) (WHO, 2015). VDPVs behave like wild polioviruses and
can cause outbreaks of poliomyelitis (Jenkins et al., 2010). Prolonged
excretion of poliovirus by primary immune deficient (PID) patients is
rare (Li et al., 2014; Aghamohammadi et al., 2017; Macklin et al.,
2017). VDPV2s excreted by immune deficient individuals are a
potential source for reemergence after global WPV2 eradication
(Aghamohammadi et al., 2017; Alexander et al., 2009).

We present a case study of a child with PID who had separate
persistent (>6 months excretion (Khetsuriani et al., 2003)) PV2
infections in oropharyngeal and gut mucosa. Such dual infections
present a potential risk for oral-oral as well as fecal-oral poliovirus
transmission. This case demonstrates the importance of identify-
ing persistent oropharyngeal infections and then taking appropri-
ate measures to reduce the risk for person-to-person transmission,
especially as we transition into a poliovirus type 2 free world.

Case report

The non-Israeli PID patient was the fourth child of a
consanguineous marriage with significant history suggestive of
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congenital immune deficiency. The patient born on February 20,
2015, was admitted to Sheba Medical Center at 8 months of age due
to recurrent infections, failure to thrive (FTT) and spastic
monoplegia of his left leg. MRI revealed cystic changes in the
basal ganglia and white matter. Immunologic flow cytometric
lymphocyte immune phenotyping revealed absence of HLA DR
molecules suggesting MHC class Il deficiency SCID (“bare
lymphocyte syndrome”). A homozygous frame shift mutation in
exon 11 of the RFX5 gene, identified by Sanger sequencing
confirmed MHC class I SCID. The child was placed in reverse
isolation, received prophylactic antimicrobial treatment, and
monthly intravenous immunoglobulin (IVIG) treatments. Hemato-
poietic stem cell transplantation was ruled out due to severe
neurologic impairment, continued FIT despite all supportive
measures and prophylactic treatment, social issues in the family,
and prediction of less than a 60-70% success even with a matching
donor (Hanna and Etzioni, 2014). The patient’s physical and mental
state deteriorated. At the time of death at 2.5 years of age, the
patient was receiving analgesics, suffered from hypoalbuminemia,
and had diarrhea that was RT-PCR positive for norovirus as well as
poliovirus.

A chance finding of prolonged excretion of iVDPV2 in a previous
PID patient presenting with diarrhea (Weil et al., 2016) initiated
our policy to test stools for poliovirus from all newly admitted
pediatric patients presenting with suspected PID at the Sheba
Medical Center. A stool sample from the current case was
poliovirus-positive. The patient’s medical history revealed that
the child received trivalent OPV when 2 months old (February,
2016) in accordance with routine immunization schedules at the
child’s place of birth. Molecular analysis indicated that the isolate
was a type 2 poliovirus. Sequence analysis, performed as
previously described (Weil et al., 2016; Shulman et al., 2014)
revealed that the viral capsid protein 1 of the poliovirus isolate had
diverged from Sabin 2 by at least 0.8% (Figure 1) classifying it as an
iVDPV2. Both neurovirulence attenuation sites (nucleotide 481 in
the 5'UTR and amino acid 143 in VP1) had reverted to the
neurovirulent genotype.

The previously identified PID patient with a persistent iVDPV2
infection was still hospitalized in the same ward as the current
case. Therefore our first concern was to determine whether iVDPV2
transmission had occurred within the PID ward. The VP1
sequences of isolates from the two patients were genetically
unrelated, ruling out transmission between the patients.

CSF and a throat swab from the patient, and stools from ten
contacts, four healthcare workers and six family members from the
community, were tested for iVDPV2 immediately after identifica-
tion of the first VDPV2-positive stool. CSF from the patient and
stools from contacts were negative by RT-PCR for poliovirus and
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Figure 1. Nucleotide and amino acid substitutions in vaccine-derived type-two
poliovirus isolated from stools and pharyngeal mucosa during the prolonged
infection of a PID case.

RNA was extracted from virus isolations of stool suspensions and throat swabs, as
described previously (; Shulman et al,, 2014). Forward primer Y7R and reverse
primer Q8 were used to amplify and sequence the viral capsid protein 1 on an ABI
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3500 Genetic Analyzer (Applied Biosystems, Foster City, CA, United States) using an
ABI PRISM BigDye Terminator Cycle Sequencing kit (Applied Biosystems) as
described (Weil et al., 2016; Shulman et al., 2014). The VP1 sequences were
compared using the Sequencher v5.2.2 program (GenCodes, Anne Arbor, MI, USA).
Nucleotide positions where sequence analysis indicated the presence of a mixture
of viruses with different nucleotides at that position are indicated by the degenerate
IUB nucleotide code. Two amino acids separated by a “/” indicate amino acid
positions where the codon contained a nucleotide position with a degenerate
nucleotide and where in silico translation of the codon (using Sequencher)
depended on which nucleotide was chosen for translation.

Key for highlighting: yellow indicates nucleotide or amino acid substitutions from
Sabin 2 (AY184220) fixed in all iVDPVs; orange indicates those that emerged and
became fixed and were unique for stool isolates; green those that emerged and
became fixed and were unique for oropharyngeal isolates although they may appear
as minor components in stools; grey indicates a transient substitution; and light
pink indicates a substitution in the last isolate that may become fixed or be
transient. An “*” indicates nucleotide and amino acid substitutions that reverse
attenuation of neurovirulence. The viral capsid protein 1 sequences of iVDPV2
isolates 1-29 were assigned GenBank accession numbers MK660464-MK660492,
respectively.



42 M. Weil et al./International Journal of Infectious Diseases 83 (2019) 40-43

non-polio enteroviruses, however the PID’s throat swab was
positive for iVDPV2. No further testing of contacts was performed.
We continued to periodically test stools and throat swabs on the
dates indicated in Figure 1. All stool and throat swab samples
remained iVDPV2-positive until the patient died 21 months after
the first poliovirus-positive stool sample.

VP1 nucleotide and amino acid differences from Sabin 2
(GenBank accession number AY184220) are presented for sixteen
stool and thirteen throat samples spanning the first 14 months of
persistent excretion after the initial iVDPV2-positive stool sample
(Figure 1). Fixed substitutions are indicated by standard nucleotide
base codes A, T, G, or C, whereas nucleotide mixtures indicating
two populations of iVDPV2s are indicated by IUB codes, K (G or T),
M(AorC),R(AorG), W(AorT),and Y (C and T).

During the 14-month interval, iVDPV2 isolates continued to
diverge from Sabin 2 as seen from the kinetic pattern of nucleotide
and amino acid substitutions in the iVDPV2 isolates. Seven
nucleotides and three amino acid substitutions were present in
all isolates (highlighted in yellow) demonstrating a common initial
evolutionary pathway. There are unique fixed and mixed
substitutions in iVDPV2s isolated from stools (boxes highlighted
in red). Within 6 months from the first isolation, ten substitutions
became fixed exclusively in iVDPV2s isolated from stools. Within
14 months from the first isolation, another five substitutions
emerged in some of the isolates from stool. These fixed and mixed
substitutions were not observed in iVDPV2s isolated from throat
swabs. Different fixed and mixed substitutions were observed in
iVDPV2s isolated from throat swabs but with traces in stools
(boxes highlighted in green). This kinetic pattern of nucleotide and
amino acid substitutions supports subsequent independent
evolution for separate persistent co-infections of iVDPV2 in the
oropharyngeal mucosa and the gut of the patient.

During the persistent iVDPV2 co-infections the patient was
intermittently discharged and re-admitted. While hospitalized, the
PID patient was kept in strict droplet isolation for infection control.
Continued droplet isolation was justified by the isolation of iVDPV2
from the throat swab. Parents were instructed to continue droplet
and contact isolation while the patient was at home.

Discussion

One of the main tasks of the Global Poliovirus Laboratory Network
(GPLN) for the Global Poliovirus Eradication Initiative (GPEI), is to
diagnose active poliovirus infections (Jorba et al., 2018; WHO, 2004).
Poliovirus infections of gut mucosa last much longer than infections of
oropharyngeal mucosa (Alexander et al., 1997; WHO, 2004). Since
poliovirus isolation from stools offered the highest chance for
successfully isolating live poliovirus, it was selected as the diagnostic
method of choice for investigating suspected cases of poliovirus
infection (WHO, 2004). Testing throat swabs for poliovirus is not usually
performed. There are only a few reports showing evidence for persistent
poliovirus from throat swabs from PID patients (Bellmunt et al., 1999;
Yangetal.,2005).In one of these reports, (Bellmunt et al., 1999), genomic
analysis of the iVDPV1s isolates from the oropharyngeal mucosa and
from the gut demonstrated that genetically related iVDPVs had
established persistence at both loci and subsequently evolved
separately, as we report here. iVDPV1s were periodically isolated over
the next 6 years from 43 stool collections. No additional analyses of
oropharyngeal mucosa were reported during this interval. In a second
report (Yang et al., 2005), only the first of 4 throat swabs was positive for
iVDPV1. The three negative swabs were collected after the patient had
also stopped excreting iVDPV1 in stools. Thus, our report is the first
report of continued isolation of vaccine-derived poliovirus from
oropharyngeal mucosa over an extended period of time. Importantly,
it is also the first case of persistent oropharyngeal PV2 infection in PIDs
after eradication of wild type 2 poliovirus was declared.

The prevalence of persistent poliovirus infections of oropha-
ryngeal mucosa in PIDs is difficult to determine at present because
isolation of poliovirus from oropharyngeal mucosa is under-
performed and under-reported. Lack of reporting does not mean
that isolation was not tested. Reporting of negative findings for
poliovirus isolation from oropharyngeal mucosa in PIDs is
important for containment and eradication to indicate that testing
was performed and no poliovirus was found.

The case reported here illustrates why hospitalization guide-
lines for PIDs should include testing of oropharyngeal mucosa. It
also illustrates that droplet isolation should be added to
recommended initial contact precautions for PIDs when poliovirus
is identified in stools until the need is ruled out. Persistent
poliovirus infections in PIDs are different from self-limiting
infections in immune competent individuals. Therefore guidelines
should also take into consideration the frequency of retesting of
PID patients and close contacts when a case of poliovirus
persistence is identified. Even though risk of transmission of
iVDPVs is low, it is still possible (Aghamohammadi et al., 2017;
Avellon et al., 2008). It is relatively easy to reduce risk of
transmission in hospitals by implementing strict containment
protocols. However, it is much more difficult to do so in a
community setting for poliovirus-positive PID patients where
compliance is voluntary, as in the current case.
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