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Abstract

Background: Severe combined immunodeficiency (SCID) is a group of disorders with impairment in
function of T, B and sometimes NK cells that could lead to high susceptibility to infectious diseases and
premature death. Live-attenuated vaccines are contraindicated in SCID patients. However, in regions
without screening programs for SCID, oral polio vaccine (OPV) could lead to vaccine-derived polioviruses
(VDPVs) which are reverted to the neurovirulent virus types and could cause outbreaks of vaccine-associated
paralytic poliovirus (VAPP) in communities with inadequate vaccine coverage.

Method: 20 SCID patients registered in Iranian national registry for Primary immunodeficiency (PID)
disorders were tested for polio virus stool shedding. The demographic data, clinical presentation, polio test
results, laboratory data and whole exome sequencing (WES) of the patients were available.

Results: Among the 20 SCID patients enrolled in the study, 6 patients tested positive for immunodeficiency-
related VDPVs (iVDPV) shedding. Four patients (20%) had iVDPV type 2, one patient (5%) had iVDPV
type 1 and one patient (5%) had iVDPV type 3.

Conclusion: Due to the high possibility of asymptomatic and long-term iVDPV shedding in SCID patients,
the enhancement of screening of PID patients for poliovirus and iVDPV excretion is strongly needed.
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Introduction

Primary immunodeficiency (PID) disorders or
inborn errors of immunity are conditions caused
by monogenic mutations that result in increased
susceptibility to infection, autoimmunity, allergy
or malignancy (1). Severe combined immunode-
ficiency (SCID) is a heterogeneous group of dis-
orders characterized by impairment in function
of T, B and sometimes NK cells that could lead
to death in the early years of life, due to the high
susceptibility to infectious diseases (2). Newborn
screening in 11 programs in the United States re-
ported the incidence of SCID to be 1 in 58,000
infants (95% CI, 1 in 46,000 to 1 in 80,000) (3).
Although the incidence of SCID is much higher
in countries with high rates of consanguineous
marriage, due to the lack of screening programs,
the exact incidence could not be determined. Ac-
cording to national PID registry of Iran, the inci-
dence of PID is estimated to be 0.21 cases in 1000
births, and SCID is reported to be the most fre-
quent specific disorder (21.1%) (4, 5).

Live-attenuated vaccines are contraindicated
in SCID patients. However, in regions without
screening programs for SCID, oral polio vaccine
(OPV) (6, 7), rotavirus (8, 9), varicella, measles-
mumps-rubella(MMR) (10) and Bacille Calmette-
Guerin (BCG) (11, 12), vaccinations could lead
to disseminated infection in these patients.
Although the polio vaccine schedule in the United
States shifted to all-inactivated poliovirus vaccine
(IPV) schedule in 2000 (13), OPV is still being
used in developing countries due to its lower cost,
spread of vaccine virus to other contacts leading
to herd immunity and ease of administration.
The vaccine-derived polioviruses (VDPVs)
developed from OPV viruses that are reverted to
the neurovirulent types, could lead to outbreaks
of vaccine-associated paralytic poliovirus (VAPP)
in communities with inadequate vaccine coverage
(14). Moreover, PID patients who receive OPV,
excrete the virus for a longer time and are at
higher risk of carrying immunodeficiency-related
VDPVs (iVDPV) (15). It is necessary for PID
patients to receive IPV in place of OPV in their
vaccine schedule, except in severe PID cases that
vaccination is not recommended and is unlikely
to be advantageous (16).

It has been reported that the rate of
asymptomatic virus shedding in patients with

SCID is higher as compared to other types of PID
(17). Therefore, in the present study, we aimed
to report the polio test results and estimate the
incidence rate of polio virus shedding in patients
with SCID in Iran.

Methods

Among patients with SCID registered in Iranian
national registry for PIDs under the supervision
of the Research Center for Immunodeficiencies
(18), a total of 20 patients who were tested for
poliovirus stool shedding were included in the
present study. In Iran’s National Polio Labratorary,
the stool specimens were inoculated with L20B
(mouse cell line expressing the human receptor
for poliovirus) and RD cells (derived from human
rhabdomyosarcmoa) and the vaccine-related
polioviruses were identified using RT-PCR, in
accordance with WHO protocol (19). It should
be mentioned that all the demographic data,
consanguinity status, clinical presentation, polio
test results, laboratory data and whole exome
sequencing (WES) of the patients were available.
Laboratory data included complete blood count,
serum immunoglobulin levels and lymphocyte
immunophenotyping. Consent from the parents
of patients were obtained beforehand.

Statistical analyses were performed using the
SPSS software package, version 22 (SPSS Inc.,
Chicago, IL, USA). Values were presented as
frequency, percentage, mean * SD and median

(IQR).

Results

A total of 20 SCID patients, including 10
males and 10 females, with a median (IQR) age
of 1 (0.65-1.9) year old were enrolled in the study.
Among these patients, 6 patients (30%) tested
positive for iVDPVs. Polio results were as follows:
four patients (20%) had iVDPV type 2, one
patient (5%) had iVDPV type 1 and one patient
(5%) had iVDPV type 3 (Figure 1).

The demographic data, clinical presentation
and polio test result of the selected patients are
presented in Table 1. Polio positive SCID patients
(42.9% female, 57.1% male) had a mean (SD)
age of 1.26 (+0.53) year old. The median (IQR)
age at the onset of symptoms and at the time
of diagnosis were 2 (0-6) and 6 (2-8) months,
respectively. The mean (SD) diagnostic delay was
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Polio Test
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Figure 1. Polio test results of 20 tested SCID patients.

Table 1. Demographic data, clinical presentation, and Polio type of SCID patients with positive Polio stool shedding.

Patient Age Ageof Onset Age of Diagnosis . First Clinical .. . Polio
Dead/Alive . Other Clinical Presentations

Number (year)  (month) (month) presentation Type

1 Male 1 6 8 NA BCGosis Pneumonia, Skin Infection iVDPV 1

2 Male 1.5 2 3 Dead Oral Candidiasis FTT, Skin Infection, UTI, Hepatomegaly iVDPV 2

3 Female 2 6 8 Alive Diarrhea Fever, UTI iVDPV 2

4 Female 1 6 11 Dead Diarrhea Oral Candidiasis, FTT iVDPV 2

5 Female 1.6 1 6 NA BCGosis Rash iVDPV 2

6 Male NA 0 2 NA Diarrhea Pneumonia iVDPV 3
Pneumonia, .

7 Male 0.5 0 0 Dead BCGosis Oral Candidiasis, Rash, Fever, e

like
Hepatomegaly, splenomegaly

NA, not available; FTT, failure to thrive; UTI, urinary tract infection.

2.43 (£1.9) months. In addition, 85.7% of patients
had consanguineous parents and 14.3% had
positive family history. At the time of study, 42.9%
of patients were deceased, 14.3% were alive and
42.9% of patients had missing data in this regard.
The first clinical presentation of 4 patients (57.1%)
was BCGosis. As the first clinical manifestation
showed, the other two and one patients had
diarrhea and oral candidiasis, respectively. The
frequency of clinical presentations is shown in
Figure 2.

The WES results demonstrated the causative
mutated genes for SCID in the selected patients.
The identified gene mutations include CD3D,
DCLRECI and JAK3, each in one patient, and
ADA and IL2RG, each in two patients. The genetic

results and immunologic data of the patients are
presented in Table 2.

Discussion

During OPV replication after administration,
frequently a small number of substitutions
could revert, conferring to the attenuated
phenotype. However, in immunocompromised
patients, the genetic divergence of Sabin strains
to neurovirulent poliovirus and formation
of VDPVs could occur, which is threatening
for eradication program of Poliovirus. VDPV
isolates differ from Sabin strains by 1-15% of VP1
nucleotides. The long-term excretion of VDPVs
in PID patients is a concerning matter that could
lead to prolonged virus replication, increased risk
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Figure 2. The frequency of clinical presentations among SCID patients with positive Polio stool shedding. FTT, failure to
thrive; UTT, urinary tract infection; LAP, lymphadenopathy.

Table 2. The genetic results and immunologic data of SCID patients with positive Polio stool shedding.

Patient CD3, CD4, CD3, CDI6- CDI9, TgG, IgM, IgA, Igh o 00~ = Gene T

Number % % %  56,% % mg/dl mg/dl mg/dl mg/dl Mutation

1 2048 1032 009 7053 001 NA NA NA NA T-B+NK T-B+NK- [2rG CAGACGGTT60caGTGTTI:Del
CA CAG>--G

2 1398 770 170 2730 160 NA NA NA NA T-B-NK+ T-B-NK- ADA .G415T,GAG>TAG

3 5667 13.17 39.86 693 3063 14 20 4 0 T-BNK- T-BNK- ADA .556G>A

4 580 390 230 8100 020 815 118 666 135 T-B+NK- T-B+NK+ CD3D €247G>T

5 4220 37.06 532 1586 050 39 20 13 81 T-B+NK- T-B+NK- IL2RG .850G>T

6 2600 1500 10.00 400 6300 73 18 0 5  T-B-NK+ T-B-NK+ DCLREIC 41 G>T

7 7616 220 7995 NA 409 56 39 9 0 T-B+NK- T-B+NK- JAK3 c2164G>A

of VAPP and reintroducing polioviruses into the
community (15). This study reported that among
20 SCID patients who were tested for poliovirus
stool shedding, 6 (30%) patients tested positive for
iVDPVs and one (5%) patient had P2 Sabin-like
stool shedding. It was previously demonstrated
that SCID patients had a higher risk of persistent
infection with less likelihood of iVDPV clearance
among other PIDs (20). It is hypothesized that the
long-term virus shedding in CID patients could
be attributed to the role of cellular immunity
in clearance of poliovirus infection (13, 20-
22). In Iran, 23 iVDPV patients were identified
during 1995-2019, and 7 (30%) patients never
experienced VAPP. Furthermore, SCID patients
had the highest risk for asymptomatic infection
(28.6%) as compared to other PIDs. The rate of
iVDPV infection among adaptive PID patients
who did not experience paralysis was reported to

be 3.1% (17). However, Aghamohammadi et al in
a study on 635 PID patients from 13 OPV-using
countries reported that only 5 (0.8%) patients
excreted iVDPV in their stool, among which 3
patients had SCID (23).

The most common detected iVDPV serotype
in the present study was iVDPV2 which consisted
66.6% of positive cases. This was similar to
previous studies on PID patients in Iran (17),
OPV-using countries (23), and a systematic
review conducted for cases during 1962 to 2016
(20), which reported 69%, 80% and 69.3% of
cases to excrete iVDPV2. However, trivalent OPV
vaccination schedule was switched to bivalent
since 2016 which led to the reduction of iVDPV2
emergence (24).

Under-vaccinated communities are at higher
risk of poliovirus break-out from iVDPV
transmission to contacts which threatens the Global
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Polio Eradication Initiative (15, 22). In contrast
to developing countries, high-income countries
have replaced OPV with IPV which resulted in a
dramatic decrease in incidence of paralytic polio
(25). There has been reports that PID patients with
iVDPV infection could benefit from hematopoietic
stem cell transplantation (HSCT) and it could lead
to the clearance of infection (26). Moreover, PID
patients who are not suitable candidates for HSCT
could benefit from novel antiviral drugs, including
Pocapavir and V-7404 (27).

The enhancement of screening of PID patients
for poliovirus and iVDPV excretion is strongly
recommended. Since SCID patients are prone
to long-term iVDPV infection, implementing
screening programs for surveillance of iVDPV
infections and treating the high risk patients
with antiviral agents are of great importance
for poliovirus eradication. In addition, neonatal
screening for PIDs is the best strategy for
prevention of OPV exposure and could lead to
reduction of iVDPV infection and VAPP.

Conclusion

Live-attenuated vaccines including OPVs are
contraindicated in SCID patients. SCID patients
who receive OPV could develop iVDPV over
replication of virus. Long-term viral shedding
in SCID patients with iVDPV could threaten the
eradication program of poliovirus. Therefore,
the efforts to replace OPV with IPV, screen
newborns for PID before vaccination and screen
PID patients for poliovirus shedding should be
strengthened.
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