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Poliomyelitis is a life-threatening acute paralytic disease caused by Poliovirus (PV). In the present
study, the immunostatus of polio-vaccinated children and young adults (1 to 21 years old) living in
Jeddah, Saudi Arabia was investigated to ascertain their extent of protection against the virus. Children
were categorized in three groups: (A) Immunocompetent: Group |: Vaccinated by IPV at first and, Group
II- Vaccinated by OPV at first; (B) Immunocompromised: Tuberculosis (T.B), diabetes, AIDS, congenital
immunodeficiency; and (C) Control group: healthy children vaccinated at a private hospital in Jeddah-
IMC hospital. Blood samples (692) were collected from the children admitted to Hospital children wards
of King Abdulaziz University Hospital-KAUH (Government), and International Medical Center Hospital-
IMC (Private) in Jeddah City, for routine medical examination checkup, during a 24-month period, from
January 2015 to December 2016. A total of 228 (32.95%) were Saudis and 464 (67.05%) were non-Saudi
individuals. The number of samples found to be negative for polio immunoglobulin G (IgG) and were
considered as non-immune children was 72 (10.4%) while the overall immune responders were 584
(84.4%). 36 (5.2%) were low positive and their immunity against polio infection was doubtful. Non-Saudi
seronegative subjects varied from 28 (6.03%) Yemani, 24 (5.17%) Somalian, 8 (1.72%) Afghani, 4 (0.86%)
Indians, 3 (0.65%) Chadian, 2 (0.43%) Pakistanis; to 2 (0.43%) Nigerians. Based on the present data, we
recommend higher vaccination coverage and sensitive surveillance investigation in polio-free
countries. Evaluation of vaccination programmes should be carried out for the early detection of
immune negative and disease-susceptible individuals.
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INTRODUCTION

Poliomyelitis is a life-threatening acute paralytic disease et al., 2006; Vancelik et al., 2007; Patel and Orenstein,
caused by poliovirus (PV). Coxsackie A7, however, 2016).

causes a non-Poliovirus flaccid paralysis (Bodian et al., It is one of the major four contagious diseases in the
1949; Bodian, 1972; Nathanson and Martin, 1979; Brack, world, with low mortality, but high morbidity rates (Bodian
1987; Moriniere et al., 1993; Hovi et al., 2005; Thompson et al., 1949; Thompson et al., 2006; Dhole et al., 2009;



Mugisha et al.,, 2010). Poliovirus belongs to the
Enterovirus genera, Picornaviridae family with three
distinctive serotypes (Type 1, 2, and 3) (Bodian et al.,
1949; Thompson et al., 2006; Dhole et al., 2009; Mugisha
et al., 2010). Poliovirus can be transmitted primarily
through the fecal-oral route and also the respiratory
system.

In the 1970s, the World Health Organization (WHO)
recommended and introduced an expanded immunization
programme in which a Poliovirus vaccine dose was given
to each child. Still, this never reached a complete
coverage with adequate high levels; hence at the
beginning of the millennium, the Wild Polio Virus was re-
emanated in considerable number of supposed polio-free
countries, which confirms the ultimate fragile herd
immunity in those countries (Hovi et al., 2011).

In humans, the virus replicates at the intestinal tract
and it is released with the stool usually for 2 to 4 weeks
after infection. The virus spread is related to poor
hygiene, and sewage-treatment services. Faeces serve
as a contamination source of water, milk, and food.
Hence, young children are probably the most important
transmitters of Enteroviruses.

The accreditation of inactivated poliovirus vaccine (IPV)
in 1955 and Oral Polio Vaccine (OPV) in 1962
encouraged the worldwide beginning of vaccination
programmes (Nathanson and Martin, 1979; Cheuk,
2007). The IPV is prepared by inoculating the monkey
kidney tissue culture (vero cell line) with the poliovirus
(CDC, 2001a, b).

The vaccine contains the three poliovirus serotypes
(CDC, 2001a, b), which induces effective circulation of
antibodies in blood, thereby preventing any polio virus
that finds its way to the intestine from entering and
replicating in the central nervous system (Vancelik et al.,
2007).

On the other hand, the live-attenuated vaccine is a
trivalent vaccine, containing the three serotypes of
poliovirus in a ratio of 10:1:6 (CDC, 20014, b; Kew et al.,
2004). These weakened PV strains replicate in the
human intestine and induce mucosal immunity that
prevents the viral replication at the gastrointestinal tract
(CDC, 2001a, b; Kew et al., 2004; Cheuk, 2007). The
OPV vyields lifelong mucosal immunity by encouraging
production of IgA antibody in the intestinal tract and
furthermore serum antibodies in the circulating blood
(Pelczar et al., 1993; Cheuk, 2007).

Polio national immunization schedule in Saudi Arabia
includes a vaccination with IPV at 2 months of age,
followed by OPV in 4,6,12,18 months, and an OPV
booster dose at the primary school entry (MOH). In the
meantime, starting from April 2016, all nations using OPV
have converted to bivalent OPV (bOPV) as part of the
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last steps for universal elimination of all-cause
poliomyelitis. bOPV retains safety against type 1 and 3
polioviruses, but leaves young children susceptible to
infection by type 2 vaccine-derived polioviruses
(Bandyopadhyay et al., 2015; Patel and Orenstein, 2016).

To support the population immunity and confirm that all
children are safe against type 2 polioviruses in nations
that are polio-endemic, or at great danger of the virus
importation, the WHO Strategic Advisory Group of
Experts (SAGE) recommends at least one dose of IPV,
given with the third dose of bOPV at 14 weeks of age or
older, to decrease the interloping from maternally-derived
antibodies (WHO, 2013).

In nations with 90 to 95% immunization report of low
importation threat, IPV-OPV sequential schedules can be
used to reduce the risk of vaccine-associated paralytic
polio (VAPP) (Lopez-Medina et al., 2017; WHO, 2004).

Moreover, studies that approved a sequential schedule
of immunization from other nations that administered
multiple 1PV doses followed by various OPV doses
received by infants, have furthermore established that
VAPP was eradicated. Nevertheless, the risk of VAPP
was not explicitly estimated in nations that embraced the
recently recommended universal polio immunization
schedule which is: 3 doses of OPV plus a singular dose
of IPV at 14 weeks of age (Progress toward Interruption
of Wild Poliovirus Transmission-Worldwide, 2006).

A major difference exists between private and
government hospitals (MOH) in Jeddah, Saudi Arabia, in
terms of quality and standards. Aside the low standard of
some Health centres or hospitals, there are many other
factors that also influence the efficacy of the administered
vaccines such as: storage, transportation, and availability
of qualified health providers. Since most pilgrims with
unidentified vaccination status constitute a group at high
risk in the situation of wild polioviruses importation into
the Saudi Arabian Kingdom, it is thus essential to
continue seroepidemiological monitoring.

And to effectively evaluate the influence of vaccination
schedules on the people’s immune status as well as to
improve immunization programmes, virological and
immunological studies are, no doubt, required (Patriarca
et al., 1991; Moriniere et al., 1993; Pelczar et al., 1993;
Fine and Carneiro, 1990; The Annual Statistics Book of
Health, 2004; Progress toward Interruption of Wild
Poliovirus Transmission-Worldwide, 2006; Certification of
Poliomyelitis Eradication- European Region, 2002; Tafuri
et al., 2008; Dhole et al., 2009; Platt et al., 2014).

In the present study, therefore, the immunostatus of
polio-vaccinated children and young adults (1-21 years
old) living in Jeddah was investigated to ascertain their
extent of protection against the virus, via estimation of
circulating immunoglobulin G (1gG).
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Table 1. All Polio-ELISA results among Saudi and non-Saudi cases.

. . Polio ELISA
Nationality — — . - Total
Positive Low Positive Equivocal Negative
Saudi 192 12 16 8 228
Non Saudi 392 24 24 24 464
Total 584 36 40 32 692

MATERIALS AND METHODS
Sampling and experimental design

The present study was carried out within a 24-month period
between January 2015 and December 2016. A total of 692 blood
specimens were gathered from children admitted to the children
wards of King Abdulaziz University Hospital-KAUH (Government)
and International Medical Center Hospital-IMC (Private) in Jeddah
City, Saudi Arabia for routine medical examination checkup. Each
child’s data was collected on a precoded inquiry form recording
name, age, sex, nationality, and hospital entry reasons. It is worth
mentioning that the consents of participants (the children) were
acquired from the cases or their custodians earlier in the study and
were revised and accepted by the Ethics committee of Clinical
Microbiology Research Center, King Abdulaziz University. Of the
692 children and adults enrolled in the study, 228 children and
young adults were Saudi residents. The remaining 464 screened
individuals were children and young adults from Chad, Yeman,
Pakistan, Somalia or other nationalities. The participants were
categorized into the following groups based on their health or
hospital records regarding anti-poliovirus vaccination:

(A) Immunocompetent:

Group I: Vaccinated by IPV at first
Group II: Vaccinated by OPV at first

(B) Immunocompromised:

Tuberculosis (T.B.), diabetic,
immunodeficiency patients.

AIDS, and/ or congenital

(C) Control group:

50 healthy children who have completed all vaccination doses from
a private hospital in Jeddah- IMC hospital were used as controls.

The inclusion criteria for children used in the study were that, they
were children between 1 to 21 years, and have completed the anti-
poliovirus vaccination program (3 doses+1booster dose). Exclusion
measures were; new administration of immunoglobulin, blood
products or immunosuppressive treatment.

Specimen collection and handling

5 ml of venous blood samples was collected from each participant
in plain tubes under complete aseptic conditions, following standard
precautions. The samples were left to coagulate for some minutes
and thereafter centrifuged at 3000 g for 5 min. The supernatant
(serum) was later collected and stored at -20°C till use. Prior to use
for analysis, the sera were diluted 1:101 with ready to-use sample
diluent (e.g. 5 pl serum sample diluents).

Detection of IgG in serum

Specific Polio immunoglobulin G antibody (IgG Ab) was quantified

by using ELISA kit (IMMUNOLAB GmbH, Otto-Hahn-Str. 16, D-
34123 Kassel) for semiquantitative detection of 1gG anti-Poliovirus
in children's serum samples. The assay results were collated based
on the instructions on the manufacturer’s assay protocol.

Statistical analysis

The results of the anti-poliovirus data for children from Saudi and
non-Saudi were analyzed using the Student’s t-test. Where p>0.05,
the compared means were considered as non-significantly different.
Data computation was done using SPSS (version 20) for windows.

RESULTS AND DISCUSSION

A total of 692 serum specimens were collected and
tested from January 2015 to December 2016. 72 (10.4%)
of these specimens were found to be seronegative for
polio IgG and were regarded as non-immune children.
Overall immune responders were 584 (84.4%) out of
which 36 (5.2%) were low positive and hence their
immunity against polio infection is doubtful. A total of 228
(32.95%) were Saudis, and 464 (67.05%) were non-
Saudi individuals (Table 1). Non-Saudi (N.S.)
seronegative subjects varied from 28 (6.03%) Yemani, 24
(5.17%) Somalian, 8 (1.72%) Afghani, 4 (0.86%) Indians,
3 (0.65%) Chadian, 2 (0.43%) Pakistanis; and 2 (0.43%)
Nigerians (Table 1).

Vaccination

The schedule for Polio vaccination in the government
hospital in Jeddah was to give IPV in 2 months age,
followed by OPV in 4, 6, 12, 18 months, and an OPV
booster dose at the primary school entry, while, in the
private hospital was as follows: IPV in 2, 4, 6 months age,
followed by OPV in 12, 18 months, and an OPV booster
dose at the primary school entry.

However, at the end of the study all vaccinations
schedules were standardized among governmental and
private hospitals in Jeddah, to give IPV in 2,4,6 with a
drop of OPV in 6 months age, followed by OPV drop in
12, 18 months, and an OPV booster dose at the primary
school entry.

The principal sequence of IPOL vaccine comprises of
three 0.5 ml doses intramuscularly or subcutaneously
administered, and it is advisable to be eight or more
weeks separately and typically at ages 2, 4, and 6 to 18
months (Progress toward Interruption of Wild poliovirus
Transmission-Worldwide, 2006). The vaccine should be



given more often than four weeks separately under no
circumstances. The first immunization dose could be
given at primary as six weeks of age. For this sequence,
a booster dose of IPOL vaccine is given at 4 to 6 years of
age (Progress toward Interruption of Wild poliovirus
Transmission-Worldwide, 2006).

In recent United States studies, a combination of IPV
and OPV was utilized which efficiently generated high
neutralization titers (Ertem et al., 2000; Saleem et al.,
2014).

Conclusion

In this study, we found that a number of children were still
seronegative for circulating 1gG [72 (10.4%)], and 36
(5.2%) were low seropositive. Seronegative children are
at high risk and vulnerable to Poliovirus; it is a strong
indicator for failure of vaccination.

The study results also showed that 5.2% of the
participants were weak responders to the vaccine with
low seroconversion. Low seroconversion rate might be
due to a number of reasons such as incomplete
vaccination, simultaneous enteroviral infections,
interloping between serotypes of OPV and deprived
sanitization in water supply and seawage treatment
(Faden et al., 1990; Vancelik et al., 2007; Tao et al.,
2013, 2016). Accidental occupation and great inhabitance
expansion level may be additional reasons for low
seroconversion rates, in addition to illiteracy of parents.

On the other hand, poor maintenance in cold chain
and, suboptimal habits of vaccine processing could result
in low seropositivity (CDC, 2006). From the observed
variations in responders status, it could be inferred that
cultural differences may play a role in formation of
attitudes and behaviours towards vaccination, as we
found immune non-responders among non-Saudi varied
from 28 (6.03%) among Yemani, 24 (5.17%) among
Somalian, 8 (1.72%) among Afghani, 4 (0.86%) among
Indians, 3 (0.65%) among Chadian, 2 (0.43%) among
Pakistanis; to 2 (0.43%) among Nigerians (Table 1), even
though all of them were from the government hospital in
Jeddah.

Ultimately, the study data showed that Polio
vaccination programme failed for 10.4% of studied
children, and was insufficient for 5.2% of studied children.
As Jeddah city remains a risk subject of the poliovirus
importation from endemic regions, it is important to reach
high immunization proportions to sustain current
situation. If any country or its neighbors have a WPV
importation recognition, then all health specialists need to
quickly introduce additional immunization actions to limit
the spread of WPV and achieve outbreaks interruption.

Based upon the present data, we recommend higher
vaccination coverage and precise monitoring systems in
polio-free  countries.  Evaluation of vaccination
programmes should be implemented for early detection
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of immuno negative disease-susceptible individuals.

CONFLICT OF INTERESTS

The authors have not declared any conflict of interests

ACKNOWLEDGMENTS

Authors would gratefully acknowledge the unconditional
support of Prof. Maha Kawashti, and also to thank the
participating children, the administrative staff of the health
care centers who collaborated in obtaining clinical
samples and the KFGH -Immunology laboratory senior
Mrs. Hanan Al Wajeeh for her technical help and
cooperation. The effort of Mr. Salah Bernawe is also
highly appreciated for his help with the statistical
analysis.

REFERENCES

Bandyopadhyay AS, Garon J, Seib K, Orenstein WA (2015). Polio
vaccination: past, present and future. Future Microbiol. 10:791-808.
Bodian D (1972). Poliomyelitis. In. Pathology of the Nervous System,

Vol 3. Minckler (ed.). New York: McGraw-Hill, pp. 2323-2344.

Bodian D, Morgan | M, Howe HA (1949). Differentiation of types of
poliomyelitis viruses. Ill. The grouping of fourteen strains into three
basic immunological types. Am. J. Hyg. 49:234-245.

Brack M (1987). Agents Transmissible from Simians to Man. Berlin:
Springer-Verlag.

Centers for disease Control and prevention (CDC) (2006). Resurgence
of wild poliovirus type 1 transmission and consequences of
importation-21 countries, 2002—2005. MMWR 55:145-150.

Centers for disease Control and prevention (CDC) (2001a). Circulation
of a type 2 vaccine-derived poliovirus-Egypt, 1982-1993. Morbid.
Mortal. Weekly Rep. 50:41-51.

Centers for disease Control and prevention (CDC) (2001b). Progress
toward global eradication of poliomyelitis. Morbid. Mortal. Weekly
Rep. 2002a. 51:253-256.

Certification of poliomyelitis eradication- European Region (2002).
MMWR -Morb. Mortal. Weekly. Rep. 51:572-574.

Cheuk DKL (2007). New Childhood Immunisation Programme in Hong
Kong. The Hong Kong Medical Diary 12(7):22-24.

Dhole TN, Ayyagari A, Chowdhary R, Shakya AK , Shrivastav N, Datta
T, Prakash V (2009). Non-Polio Enteroviruses in acute flaccid
paralysis children of India: Vital assessment before Polio eradication.
J. Paediatr. Child Health 45:409-413.

Ertem M, Sarac A, Tumay S (2000). Poliomyelitis eradication
programme: acute flaccid paralysis surveillance in Mardin and five
other provinces around Mardin, Turkey 1998. Public Health 114:286-
290.

Faden H, Modlin JF, Thoms ML, McBean AM, Ferdon MB, Ogra PL
(1990). Comparative evaluation of immunization with live attenuated
and enhanced-potency inactivated trivalent poliovirus vaccines in
childhood: systemic and local immune responses. J. Infect. Dis.
162(6):1291-1297.

Fine EMP, Carneiro AM (1990). Transmissibility and persistence of oral
polio vaccine viruses: Implications for the global poliomyelitis
eradication initiative. Am. J. Epidemiol. 150:1011-1012.

Hovi T, Blomqvist S, Nasr E, Burns CC, Sarjakoski T, Ahmed N,
Savolainen C, Roivainen M, Stenvik M, Laine P, Barakat I, Wahdan
MH, Kamel FA, Asghar H, Pallansch MA, Kew OM, Gary HE Jr, de
Gourville EM, El Bassioni L(2005). Environmental surveillance of wild
poliovirus circulation in Egypt-balancing between Mugisha et al. Oral
polio vaccination in captive chimpanzees detection sensitivity and
workload. J. Virol. Methods 126:127-134.



1154 Afr. J. Microbiol. Res.

Hovi T, Shulman LM, Vander Avoort H, Deshpande J, Ro Iva Inen M,
De Gourville EM (2011). REVIEW ARTICLE Role of environmental
poliovirus surveillance in global polio eradication and beyond.
Epidemiol. Infect. Page 1 of 13. f Cambridge University Press and
World Health Organization.

Kew OM, Wright PF, Agol VI, Delpeyroux F, Shimizu H, Nathanson N,
Pallansch M (2004) . Circulating vaccinederived polioviruses: current
state of knowledge. Bull. World Health Organ. 82:16-32.

Lopez-Medina E, Melgar M, Gaensbauer JT, Bandyopadhyay AS,
Borate BR, Weldon WC, Rittimann R, Ward J, Clemens R, Asturias
EJ (2017). Inactivated polio vaccines from three different
manufacturers have equivalent safety and immunogenicity when
given as 1 or 2 additional doses after bivalent OPV: Results from a
randomized controlled trial in Latin America. Vaccine 35(28):3591-
3597.

Moriniere BJ, van Loon FP, Rhodes PH, Klein-Zabban ML, Frank-Senat
B, Herrington JE, Patriarca PA (1993). Immunogenicity of a
supplemental dose of oral versus inactivated poliovirus vaccine.
Lancet 341:1545-1550.

Mugisha L, Pauli G, Opuda-Asibo J, Joseph OO, Leendertz FH,
Diedrich S (2010). Evaluation of poliovirus antibody titers in orally
vaccinated semi-captive chimpanzees in Uganda. J. Med. Primatol.
39:123-128.

Nathanson N, Martin JR (1979). The epidemiology of poliomyelitis:
enigmas surrounding its appearance, epidemiology, and
disappearance. Am. J. Epidemiol. 110:672-691.

Patel M, Orenstein WA (2016). A World free of polio — the final steps. N.
Engl. J. Med. 374:501-503.

Patriarca PA, Wright PF, John TJ (1991). Factors affecting
immunogenicity of oral polio vaccine in developing countries: A
review. Rev. Infect. Dis. 13:926-939.

Pelczar MJ Jr, Chan ECS, Krieg NR (1993). Microbiology: Concepts
and Applications. McGraw-Hill, Inc., New York. 698.

Platt LR, Estivariz CF, Sutter RW (2014). Vaccine-Associated Paralytic
Poliomyelitis: A Review of the Epidemiology and Estimation of the
Global Burden. Epidemiology and Global Burden of VAPP. J. Infect.
Dis. 210(suppl_1):S380- S389.

Progress toward interruption of wild poliovirus transmission--Worldwide
January 2005-March 2006 (2006). MMWR Morb. Mortal Wkly. Rep.
55(16):458-462.

Saleem AF, Mach O, Yousafzai MT, Khan A, Weldon WC, Oberste
MS, Sutter RW, Zaidi AKM (2014). Needle adapters for intradermal
administration of fractional dose of inactivated poliovirus vaccine:
Evaluation of immunogenicity and programmatic feasibility in
Pakistan. Vaccine 35(24):3209-3214.

Tafuri S, Prato R, Martinelli D, Calvario A, Bozzi A , Labianca M , Patti
A, Lopalco PL, Germinario C (2008). Serological survey on immunity
status against polioviruses in children and adolescents living in a
border region, Apulia (Southern Italy). BMC Infect. Dis. 8(1):150.

Tao Z, Zhang Y, Liu Y, Xu A, Lin X, Yoshida H, Xiong P, Zhu S, Wang
S, Yan D, Song LWang H, Cui N, Xu W(2013). Isolation and
Characterization of a Type 2 Vaccine-Derived Poliovirus from
Environmental Surveillance in China, 2012. PloS One 8(12):e83975.

Tao Z, Wang Z, Lin X, Wang S, Wang H, Yoshida H, Xu A, Song Y
(2016). One-year Survey of human enteroviruses from sewage and
the factors affecting virus adsorption to the suspended solids. Sci.
Rep. 6:31474.

The annual statistics book of health (2004). Ankara, Turkey: The
Republic of Turkey Ministry of Health. P 68.

Thompson KM, Duintjer Tebbens RJ, Pallansch MA (2006). Evaluation
of response scenarios to potential polio outbreaks using
mathematical models. Risk Anal. 26:1541-1556.

Vancelik S, Guraksin A, Ayyildiz A, and Beyhun N E (2007).
Seroepidemiology of poliovirus antibody among the children in
Eastern Turkey. Indian J. Med. Res. 126:528-533.

World Health Organization (WHO) (2004). Polio eradication initiative.
Office of the Director-General and Department of Immunization,
Vaccines and Biologicals, Family and Community Health. The Global
Polio Eradication Initiative Strategic Plan 2004-2008. WHO: Geneva.

World Health Organization (WHO) (2013). Global Polio Eradication
Initiative. Polio Eradication & Endgame Strategic Plan 2013-2018.
Geneva, Switzerland: World Health Organization (2013).
<http://polioeradication.org/wpcontent/uploads/2016/07/PEESP_EN_
A4.pdf>[accessed 23.01.17].


http://www.sciencedirect.com/science/article/pii/S0264410X17305765

