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Special Theme ~ Polio Eradication: End-Stage Challenges

Poliowing Larrings and immane de {aiancy

Introduction

Susceptible indinduals usally excrerz polioviruses for 2 0
wesks, and occasmnally Bt up to 137 days attes they have been
mmuneeed with oral poliovisus vaccine (0P (-5, Theshed
viruwes trequently vhow incresed neurcvinilence and are often
rransmmitred 10 dase conmers. atiens with Becell immune defi-
ciency disorders are ar increased risk of complicanions associared
with enteroverus infecoons, induding chronse memngoencepha-
lirks, Jong-term intestinal excretion of the varwes, and vaccine-
sowaimed paralytic poliomyelios (VATTYEL Ninereen indivadiak
with excretion of vaccanedenved polioviruses for six o+ mure
months have been reported in the lirraurear o WH - 7 2
{02, Wiond, personal communicagion, 20031, All but three af
these individuals are known to have stopped excreting polien-
ruzes or died. Same became parlysed sverad yean after acquining
th intestinal infection (7, 105, Vinases bobared in the stoed of vacri-
nated individualy ypically revert w incecasad nourosirabenee, wod
long-term excretors shev! vinises that are often as neunovirulent
as wild.type s s[5 - I3 Dersistene inxestinal poliavirues
CACrenAT QU thevretically reintcadnce polisviruses into gen-
eral arculution f ntioe smmunizstesn of childnen was stopped
after the erndicarion of wild: rype viruse | I9%, We studied
penphe knowr  have Begadl immuene deticieney disardens in
four countries tn arder w eatimae the rte of long-tenn peho-
virus excrerors an this at-risk papulation.

Methods

Study population

United States

Families registered with the Immune Deficiency Foundarion
(www.primaryimmune.org) were sent a letter inviting people
3-35 years of age with common variable immune deficiency
(CVID), X-linked agammaglobulinacmia (XLA) or selective
immunoglobulin A (IgA) deficiency to participate in the study.
Participants who returned a postcard were mailed a consent form.
a brief questionnaire, a request for laboracory results validating
the diagnosis, and instructions for collecting and shipping a
stool specimen. Subsequently, selected immunologists were asked
1o enroll patients with CVID or XLA who were two or more
years of age.

Mexico

Eligible people were recruited from the immunology clinics at
the Hospital Infantil de Mexico “Dr Federico Gomez” and
Instituto Nacional de Pediatria.

Brazil

Participants were recruited from nine referral centres for the
treatment of primary immunodeficiencies, and virus cultures
were performed at the Enterovirus Laborarory (WHO Regional
Reference Laboratory at Instituto Oswaldo Cruz, Rio de Janeiro).
The diagnostic criteria for CVID, XLA, and selecrive IgA defi-
ciency were based on the International Consensus Guidelines
for Diagnosis of Primary Immunodeficiencies (/5).

United Kingdom

Participants with primary immunodeficiency were recruiced from
patients artending an immunology clinic at the Roval Free Hos-
pitalin London.

mrl &, Malrey B Ak

Consent and institutional Review Board approvals
\ritzen informed consent was ndwained from participancs or
cheir legal guardians and assent was obmined from children
aged Fve vears ar more. These sudies were approved by the
Jaint Cammiccee on Clinical fnvesigarinn (JCCT ac the Johas

. Hopkine University School of Medicins or the Commitiee on

Human Research (CHR) ar the Johns Hapkins Bloomberg
Schaal at Hygiene and Mublic Health, The snudy of people in
chr Uniced Spaces ws spproned by the Cenrens far Disease Can-
crol and Prevention (CIKC: Adanra, GA) Insdinusional Review
Rewrd. the soudy in Mevien by Irstivure Nacional de Tediaerin,
and the study in Brazil by the Federal Universiny of Minss
Gerais and othes parricipating instieurions,

Specimen collection and processing
WHO-recommenided kits were used for collecon of 510 g of
stool, Prorocvuls (B9 ABC Medwal Emerprises, Rochester,
MM receprcle collection devices weee ship = to individuals
m the United Sates, Specimens wete dher pped by over-
mighs delivery ta New York, Wiscansin, Teoas, or Califacnia sare
health depanment Lhumtodes in the Unated State ar manspornsd
tn redoperator packs by participancs ee the immuonelegists 2nd
then to bbarataries i Medeo Cig (Insorum Nooonal Dagrasica
¥ Hederena bpidemiolamo) and Hearil. Lr the Unized Kingdorm.
stoo} samples were seat by past w0 the Nawnonal tnsurute tor
folapecat Standards and Canrol. Speamens not processed
immediately were frozen at -70° C until cultured for poliovi-
ruses in accordance with WHO guidelines on L20B and eicher
HEp-2 or RD cell lines (16). In the United Kingdom samples
were cultured on L20B, RD, and HEp-2 cells. Cell cultures
testing positive for polioviruses were further characterized by
partial genomic sequencing at either the CDC or at the Oswaldo
Cruz Foundanon (Rio de Janeiro, Brazil) (1 7). The results of the
cultures were submitted to the family and/or treating physician
as per the family's request. Individuals with positive cultures for

iovirus had an additional specimen collected approximately
three months later, which was tested using the same procedure.
Polymerase chain reaction for poliovirus was also performed on
stool samples in the United Kingdom.

Calculation of the confidence interval for the proporcion
of participants with persistent poliovirus excretion was based on
the binomial distribution (Stata Corpora Stara Statistical
Sofrware: Release 7.0: Co“iec Station. TX. 2001).

Results

Baseline characteristics of the study population recruited from
different cencres are shown in Table 1. Participants with IgG defi-
ciency ranged from 1.5 to 71 years of age. but the median ranges
were from 11.8 to 18.1 years. There was a slight p 1inance
of males with CVID and a striking predominance of males wich
agammaglobulinaemia. Four females had one of the different
forms of autosomal recessive congenital agammaglobulinaemia.
In the United States, 212/529 potentially eligible mem-
bers of the Immune Deficiency Foundation returned a postcard
and were mailed consent forms and instructions, and 88 sub-
mitted specimens to laboratories. An additional 37 patients were
contacted directly by their immunologists. In Mexico, Brazil,
and the United Kingdom, participants were enrolled by their
immunologist or primary care provider. Participants were recruited
as they presented for routine care. Immunologists estimated that
75-100% of eligible persons participated at different centres.
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-eaprnce G the YT gena. Follew-up stoul cultens olvansd 2
months later were nepuiive dor polmeirusey in theee wl e foar
otigisally poaitive participants and the fourth was culre nepa-
ivevwirniet ths larer, All amples were nggse o0 caliure sind
polvmerase chain reaction fir poliovinase,

Theoretical risk

Tl upgrer besursd of thie 95% confidénce imicrval fue obrcrvng

zer penistont palisvine cxcretors aneng the 306 participants

with spameaglobulinacnia, CVID, of other <vere deficiensin
al Mg prodocoon was 1.0%

Won-pelio entoviruses
Nos-polo eeeetovirgses were idenifiad 0402 rudpants
i dexwwa 595 i Brazil. Thees virusts wore nat further
charanierised, Lexisions repreeding foltaw-up culture o thoe
purtivigranty were deterrad to their immonnegises,
Discussion
“WEdid nor idencify any individials wirth long-term everetian of
swilinviruses, Most pasticipants had recaved QN andaln D
J beens exposed ro househald conraces whio hud received LY
odrinuses o recent waccine cogin were mansicndy found in four
individuals in Mexzco #nd Brazil, where OPV is tecommended
for all children. Given that these participants had not received
OPV recently, the viruses were probably acquired from contacts.
Most individuals with B-cell deficiency disorders who survive
early childhood appear to eliminate polio vaccine viruses with-
out developing long-term excretion. Nevertheless, 19 individuals
with B-cell immune deficiency disorders have been reported to
WHO with polio excretion for six or more months (D. Wood,
personal communication, 2003) and some have excreted the
virus for more than 10 years. There are limited data on the inci-
dence and prevalence of agammaglobulinaemia and CVID in
different countries, but these disorders have been idendfied in coun-
tries throughout the world. Undoubredly, some chronic polio
excretors have not been idencified and only a very small percentage
of the affected population has been studied. The incidence of
agammaglabulinaemia has been estimated to be approximately
1 per 10C live birchs in the United States and Europe, but no

estuniates have been made for deveioping countries {J. Winkeistein,
personal communication, 2003). No reliable estimates of the
incidence of CVID can be made because of variability in case
definitions used from different countries.

Patiencs with selective IgA deficiency can excrete polio-
viruses for up to six months (/8). After studying 40
individuals with selective IgA deficiency we decided not to
enroll additional such patients following consulzations with
immunologists and a review of the lirerature; there was no
evidence to indicate that these patients are at increased risk
of developing VADP, and no cases of long-term persistent
poliovirus or enterovirus infections have been reported.
Similarly, we did not study patients with 1gG subclass
deficiency disorders that are not associated with increased
risk of complications from enterovirus infections (6). We are
currently completing studies of adults and children with HIV
infection, children with leukaemia, and children in developing
countries with recurrent infections or past history of acute
flaccid paralysis from poliovirus infections. To date, we have
not identified any additional persons with long-term polio
virus excretion.

Ve

ek G Hohey et

Imvesnparans in | unista praspeaively momicoeed 16 chabdeen
aath ammine defickrcy diswders, inclsfing s wich CVIY anwd
ehirce with X-lutked Joper-Igh syndraitie, foflonving Mimaal
I, The immune-debaent

children did ror recesve QI'Y, bur four panients, including one
with CVID. auired the viscvine virtees s cootace. Thew -
aeno shad the QPV yaruses for [-7 weeks. Alvo, most of the
individuals with X1A and CVID in pur snudy had recefesd (U,
huat enine were cheonic excrerors, Thus, imost patients wich these
disaeders appear oo have the abeliy o clirminate polwares.

Almast all prrocipants with 1p( deficiency disorders in
s ity were rereiving replacement inamiencplobalin cherpy
Teane adminmiratier of immungoluling can poevent paralyss
assacizeed with wikd-tvpe paliavinzess (X4, Replacemens imm-
naglobulin theramy muy decrease che ride of pamhtic amplicaiors
froam vacxine viruses in persarns with Bcell orrmune deficisnny,
bt the preection 15 incomplere 2y swome patwnes with persstent
pulicving excretion wete receiving rephement immooglabie
titss ut the time ther develuped garshese 081 {0, Wieod, petsonal
communicaswon, 2003, Replavement immimoglobulin thecapy
does nat prevenc or treat persistent enierovins infecions in
persons wirl  cell deficiency disorders (i 210, One poriens
developed peesstene poliesiras excretico
globubin therapy (220,

People with CVID often do not develop signs or symp-
toms of immune deficiency until they are young adults (23).
Most individuals with CVID in our study had been repeatedly
exposed to OPV before the onser of their immune deficiency.
At the time of expos

lenrmunizansa Day ol Campsigns |

Wity innuno-

o polioviruses their immune systems
may have been intact. | he study may not be an accurate reflec-
tion of all persons with B-cell immunodeficiency disorders since
severely affected individuals may have died at an early age or
developed paralysis following exposure to polioviruses.

OPV is often transmitted to close contacts within the first
few weeks after vaccination via respiratory and/or gastrointestinal
tract secretions (1, 3, 4, /4). Pharyngeal excretion of polio vac-
cine viruses occurs, but only transienty in immunologically intact
individuals (3). No prospective studies have been done or could
be done on persons with known B-cell deficiency disorders, but
no persons with persistent respiratorv excretion of pplioviruses

have been identified. Persistent intestinal excretion in indus-
trialized countries with high levels of sanitation may represent a
low risk of transmission.

The eradication of wild polioviruses from circulation
should be completed within the nexc few vears. As originally envi-
sioned, eradication was to be followed by stopping vaccination
againt  ioviruses. However, identification of persister  lio-
virus excrerors and outbreaks of vaccine-derived poliovicuses in
Haiti. the Dominican Republic, the Philippines, and Mada-
gascar in recent years have forced a reassessment of this strategy
(7, 14, 24). Many industrialized countries have switched to
1PV to reduce the risks associated with OPV; these countries will
continue to use 1PV for years after the last cases ~F wild-rype
virus have been identified (25). The higher cos PVisa
barrier to the use of this vaccine in all developing countries.
Nevertheless, an increasing number of combination vaccines thac
include IPV may allow more countries to switch to [PV (26).

Of the 19 patients identified in the past 40 years w
polio excretion for more than 6 months, all but three have
spontaneously stopped excreting, or died (D. Wood, personal

Bulletin of the World Health Organization | January 2004, 82 (1)






e e e e e

Special Theme — Polio Eradication: End-Stage Challenges

Paliovirus carriers and immune deficiency

Neq

References

. Benyesh-Melnick M, Melnick JL, Rawls WE, Wimberly 1, Oro iB, Ben-

Porath E, et al. Swdies of the immunogeniaty, communicability and

genetic stability of oral poliovaccine administered duting the winter.

Americ>~ t~umal of Epidemiology 1967-9%-112-36.

Melnic! Benyesh-Melnick M, Brenna Studies on live poliovirus

VaCCines. 1ts Neurotropic activity in monkeys and its increased

neurovirulence after multiplication m vaccinated children. JaM4A

1959;171:1165-77

. Gelfand HM, P . LeBlanc DR, Fox JP. Revised preliminary repcri
an the Louisiana coservations of the natural spread within families of
living vaccine steains of poliovirus, In: Live pofiovirus vaccmnes® papers
presented and discussions held at the first international conference o
live poliovirus vaccines. Special Publication No. 44, Washington (DCY
Pan American Sanitary Bureau; 1959.

. Fox JP, Gelfand HM, Le DR, Potash L, Clemmer DI, LaPenta D.
The spread of vaccine suams of poliovirus in the household and in the
community in southern Louisiana. [n: International Poliomyelitis
Congress, ed. Pofiomyelitis: papers and discussions presented at the
fdek imensnssine ol poliomyelitis conference. Philadelphia: Lippincott;

~

w

o~

5 SL, Melnick JL. Live attenuated poliovirus vaccines.
‘enstein WA, editars. Vaccines, 3rd ed. Philadelphia:
199:364-408.

6 ckieviruses, echoviruses, an er enteroviruses. in:

vett JE, Dolin R, editors. Mangen, Nrnunfas, and
sennew s prnciples and pracice of infectious dise: ith ed.

Wilagabr]hia {PAY Chichiti-tivinastnne: 2000 on 140.-.9
ood DJ, Sutter RW, Dowdle WR. Stopping poliovirus vaccination

after eradication: issues and challenges. Bufletin of the World Health
Org~~tion 2000;78:347-57.

8. Kev , Sutter RW, Notiay BK, McDonough M, Prevots DR, Quick L,
€t ai. riolonged replication of a type 1 vaccine-derived poliovirus in an
immunodeficient patient. Journal of Clinical Microbiology
1998;3F-7203.9,

. Buttinel Jonati V, Fiore S, Marturano J, Plebani A, Bales:n P et al

Nucleotiue vafiation in Sabin type 2 poliovirus from an immurs-

deficient patient with poliomyelitis. Journal of General Virology

2003;84:1215-21.

John T, Walker DH. Enterovirus infections, inciuding poliomyelitis 1.

Guerrant RL, Walker DH, Weller PF. editors. Fropical ifectiaus

diseasec neinciples, pathogens, and piactice. Philadelphia: Churctinl

Living! 1999, pp. 1123-32.

- Minor r. Lnaractenstice of notinvirys strains from long-term excretors
with primary immur s. Developmental Biology
2001;105:75-80,

12. Minor PD, Ferguson JA, Icenogle JP. Antigenic and molecular evotutior

of the vaccine strain of type 3 poliovirus during the period of excretior
by a piimary vaccinee. Journa of General Virolooy 1986;67:693-706.

-~

w

o

13

14

15

o

20

2

2

~

25.

26.

Dunn G, Begg NT, Cammack, N, Minor PD. Virus excretion and
mutation by infants following primary vaccination with live oral
paliovaccine from two sources. Journal of Medical Virology
1990;32:92-5.

Sutter RW, Tangermann RH, Aylwar® @2 Cochi SL. Poliomyelitis
eradicancn: progress, challenges fc :nd game, and preparation
‘or the post-eradication era. Infectious wisease Clinics of North
Amenca 2001:15:41-64.

Conley ME, Notarangelo LD, Eioni A. Diagnostic criteria for primary
immunodeficencies. Representing PAGID (Pan-American Group for
Immunodeficency) and ESID (European Society for iImmuno-
deficiencies). Clincal Immunology 1999;93:190-7.

Manuat of the wrological investigation of polipmy~'*"= Geneva: World
Health Organizatien; 1997. WHO document WHO EN/97 M

. L KM, Zheng DP, Zhang LB, Oberste MS, Pallansch MA, Ker

Molecular evolution of a type 1 wild-vaccine poliovirus recombian
during widespread circulation in China. Journal of Virology
2000;74:11153-61.

. Savilahti E, Klemola T, Carlsson B, Mellander L, Stenvik M, Hovi T.

Inadequacy of mucosal IgM antibodies in selective igA deficiency:
excretion o attenuated polio viruses is prolonged. Journal of Cimical
immunology 1988;8:89-94.

Triki K. Barbouche MR, Bahri O, Bejaoui M, Dellagi K. Community-
acquired poliovirus infection in children with primary immuncdeficiency
ir Tunisia. Journal of Clinical Microbiology 2003;41:1203-11,

Hammon WD, Coriell LL, Wehrle PF, Stokes J. Evaluation of Red Cross
aammanlahiulin a< a armnhvlactic anent fnr noliomvelitic 4 Final
reoort of results based on clinical diagnosis. JAMA 1953:151:1272-85.
Halliday £, Winkelsten ), Webster AD. Enteroviral infections in prmary
immunodeficiency (PID): a survey of morbidity and morality. The
Journal of infeczion 2003:46:1-8.

Butunelli G, Donau V, Fiore S, Marturano J, Plebani A, Balestii P o1 al,
Nucleoude vanation in Sabin type 2 pofiovirus from an immuno-
deicient pawent with poliomyelitis. Journal of General Virology
2003.84 1215-21

. Cunrirgham-Rurdles €, Bocian C. Common vanaole immuno-

cefictency chrucal and immurological features of 248 patients
Cunical Immunology 1999;92.34-48.

Kew Q, Motns-Glasgow V. Landaverde M. Burns C, Shaw J, Gaiib 2,
et al Outbreak of poliomyelitis 1n Hispariola associated with
arculating type 1 vaccire-derived poliovisus. Scrence 2002:296:356-9,
Halsey NA. Commentary: Poliomyelitis ano unnecessary 1njections.
International Journal of Epidemiology 2003:32.278-9.

Halsey NA. Combination vaccines: defining ano addressing current
satety concerns. Clinical Infectious Diseases 2001;33 Suppl 4:6312-8,

Bulletin of the Worlc Heaith Organization | January 2004, 82 (1)



