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Simultaneous administration of Haemophilus
influenzae type b capsular polysaccharide-
diphtheria toxoid conjugate vaccine with routine
diphtheria-tetanus-pertussis and inactivated
poliovirus vaccinations of childhood

JUHANI ESKOLA, MD, HELENA KAYHTY, PHD, LANCE K. GORDON, PHD, TAPANI HOVI, MD,
MIRJA STENVIK, MSC, PIRJO-RIITTA RONNBERG, RN, EIJA KELA, RN AND HEIKKi PELTOLA, MD

A Haemophilus influenzae type b capsular po-
lysaccharide-diphtheria toxold conjugate
vaccine (PRP-D) is capable of protecting infants
against invasive X, influenzae diseases. There-
fore it is very likely that it will be incorporated
in routine vaccination schedules during the next
few years. In order to test the suitability of
simultaneous adminisiration of PRP-D and
other vaccines we administered it to 25 infants
mixed with diphtheria-tetanus-pertussis vacs
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cine at 3, 4 and 6 months and simulianeously,
but in a separate syringe, with inactivated palio
vaccine at 12 months. A comparison group of
equal size received only diphtheria-tetanus-pex-
tussis and inactivated poliovirus vaccines. Thea
concentration of postvaccination antibodies to
diphtheria toxoid was 0.411 IU/ml in the group
that received PRP-D wvs. 0.352 IU/ml in the
comparison group, to tetanus toxoid 3.664 vs.
3.668 IU/ml and the neutralization titer to
poliovirus type 1 was 370 vs. 320 units in the
comparison group, to type 2 titer values were

© 230 vs. 270 units and to type 3, respectively,

210 vs. 290 units, Thus the seroresponse io

antigens in routine vaceines was not affected by

the presence O}Pf{%l(l) in the vacclnation sched-
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‘ule, and PRP-D can safely and effectively be
included In the vaccination schedule of infancy,

INTRODUCTION

8imultaneous administration of ‘multiple vaccine
antigens permits early and wide immunization of ¢hil-
dren, reduces the cost of vaceine administration and
the work load of the vaccinators and increases vaceing
facceptance rates. The advantages are evident both in
developed and especially in developing countries.’ The
policy in the WHO Expanded Programme on Immu-
nization is largely based on this principle, and simul-
tanegus administration of many vaceines is encour.
aged,

Many antigen combinations have proved safe and
effective, Examples now in routine use are diphtheria
and tetanus toxoid given together with inactivated
pertussis cells (DTP);* combination of live measles,
mumps and rubells vaccines’* and simultansous ad-
ministration of three poliovirus serotypes, either live
{oral poliovirus vaccine)* or inactivated (IPV).%

Although most combinations are acceptable simul-
taneous administration of different antigens may also
be cortraindicated, At least with live vaccines the
antibody response can be reduced,® possibly because
of induction of interferon.” A disadvantage of fixed
combined vaccine formulations can be seen when
adults with high prevaccination antibody levels are
vaceinated with pediatric tetanus-diphtheria prod-
uets,!

I'he optimal age for vaccinations is in many cases
quite strictly limited, e.g. in pertussis and measles
vaeeinations. Therefore during infancy and early
childhood, many vaccinations are scheduled in a short
puried, snd the posaibility of simultaneous adminis-
tration or even mixicg different vaccines should be
investiguted,

A pusgible next addition io general vaccination
wchedules i inelusion of & vaccine against Hoemophi-
fews influenzae type b [Hib), The first Hib vaccines
were made of the capsular polysaccharide (PRP) of
il bacveria® and are now widely used in ¢hildren ages
24 to 53 months,'®! Because PRP vaccines cannot
protect younger infants attempts to improve its im-
munogenicity have heen numerous. In the first phase
PRI was administered simultaneously with DTP or
whoie cell inagtivated pertusais vaccine,™™ but the
gxpectalions of enhancing its immunogenicity werg
not realized. " Another way was ta couple PRP with a
protein. The resulting conjugate vaccines are
immunogenic™ " and clinically protective.'® One of
ihe new conjugate vaccines, PRP-D, consists of PRP
coupled to diphtheris toxoid (D),'® To date it is the
Gnly conjugate Haemephilus vaceine with a proteetive
eflicacy that has been shown. in a clinical trial,"®

ESKOLA ET AL, 481

Although the diphtheria toxoid in PRP-D) is covalently
linked to PRP, it might contribute to the induction of
diphtheria antibodies when used together with routine
DTP, We therefore investigated the usefulness of
PRP-D in the Finnish routine vaceination program,
specifically looking at the possible effects of PRP-D
on simultangously administered DTP and IPV,

SUBJECTS AND METHODS

Subjects, Informed oral consent was obtained from
the parents of the children before their participation
in the study, as approved by the Ethical Commitiee
of the National Public Health Institute, Finland, Fifty
healthy infants were enrolled in Kitea Child Health
Center at the age of 3 months. The children were
examined by their own general practitioner before
enrollment to ensure that no contraindications to
vaccination existed,

Vaceines, DT'P, The vaceine (produced by the Na-
tional Public Health Institute, Finiand; Lots 83411,
83412 and 84415) contains inactivated Bordetella per-
tussis cells {10 opacity units/ml), purified diphtheria
toxoid {30 Lf/ml) and purified tetanus toxoid (10 Lf/
ral), The antigens are absorbed on to atuminum hy-
droxyphosphate gel (1 mg aluminum/mi), The pre-
servative is 0.01% Merthiolate®, The potency per 0.5-
m! dose iz 4 [U for pertussis, >30 IU for diphtheria
and >60 [U for tetanus.

IPV. Inactivated polio virus vaccine (van Wezel
type® produced by the Rijksinstituut voor Volksge.
zondheid en Milieuhygiene, The Netherlands; Loty
704B, 704C and TOGAL) is prepared from monkey
kidney cell-cultured, formalin-inactivated poliovirus,
One 1-ml dose contains poliovirus types 1, 2 and 8, at
least 30, 6 and 24 units, respectively.

BRP-D. The vaccine (produced by Connaught Lab-
oratories Ine.; Lot 3814) {s made by linking 25 ug of
PRP with adipic acid to 25 kg of diphtheria toxoid.®

Vagcination schedule, All 50 infants received
DTP intramuscularly at the ages of 3, 4 and 8 months
and IPV subcutanecusly at § and 12 months, Twenty-
five of the infants received In addition PRP-D at 3, 4
and 6 months of age intramuscularly mized with DTE
in the same syringe and at 12 months simultanecusly
with [PV but in separate syringes, The remaining 26
infants made up the comparison group.

Adverse reactions, The vaccinees were f{ollowed
at the child health center hy a public health nurse to
observe for jmmediate adverse reactions for at least
15 minutes. The parents were asked to complete a

reaction repart form covering the 48 hours after im-

munization, They were asked to record their obser-
vations at 6, 12, 24 and 48 hours after vaccination,
The reaction reports included information about ree-
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tal tomperature, irritability, respiratory symptoms and
local reactions (redness, soreness, ete.).

Serology. Blood samples were taken at the ages of
3, 4, 6, 12 and 14 months. Ant}-PRP antibody levels
were assayed at the National Public Health Institute,
Finland, using a Fare-type radioimmunoassay.?»% The
minimal amount of antibody detéctable was 0.06 ug/
ml.

Anti-diphtheria antibody assays were performed by
& microcell culture method based on the neutralization
of toxin killing of Vero cells. The reference antiserum
was an NIH standard antitoxin containing & IU/ml.*
Anti-tetanus antibodisg were assayed by a solid phase
enzyme-linked immunosorbent assay using tetanus
toxoid as the capture antigen and protein A as the
detacting reagent.® The reference antiserum con-
tained 5,36 IU/m! as determined by & toxin neutrali-
zation test in mice, Both diphtheria and tetanus toxoid
antibody assays wers performed at the Connaught
Research Institute, Toronto, Canada.

Poliovirus antibodies were measured at the National
Public Health Institute, Finland, using the microneus
tralization method in Vero cells.®® The test strains
were poliovirus type 1/Brunhiide, type 2/MEF and
type 3/Saukett,

Statistical methods, One-way analysis of variance
and lineat correlation analysis of log-transformed data
were used to comnpare geometric mean antibody titers

July, 1088

and to test for possible associations between the an-
tibody titers in different groups.

RESULTS

Adverse reactions. The most commonly reported
adverse effect was {rritability which was reported after
49% of the sessions during which PRP-D was given
(Table 1). However, the same was true in 53% of D'TP
and/or IPV vaccinations st same ages. The incidence
of fever and local reactions was slightly higher in the
group receiving PRP-D in addition to the routinely
scheduled vaccines. The highest fever measured was
38.3°C rectally, seen in one child after PRP-D plus
DTP pius IPY vaccination. ‘There was no correlation
between the rate of adverse reactions and the level of
PRP or diphtheria toxoid antibodies before injection,

Serology. The PRP antibody levels were low up to
the age of 8 months even in children who had received
two doses of PRP-D. However, after & third injestion
antibody levels increased to 0.35 ug/ml at 7 months,
A fourth injection given at 12 months ascted as a
further booster, raising the antibody level to 4.87 ug/
m] (geomettic mean titer),

Simultaneously administered PRP-D had no effect
on the antibody responses to diphtheria toxoid, teta.
nus toxoid or the polioviruses (Table 2); all P values
were 20.5, In a linear correlation analysis, final PRP
antibody levels at 7 months did not correlate with

TABLE 1. Adverse reactiona reported at any time during first 48 hours after veceination

e itesre
Age 3 Months

Age 4+ Montha

Age B Montha Age 12 Months

DTP DTP + PRP-D nTP

DTP+PRP.D  DTP+mpy  DTT 4IPS

DTP + 1PV v 1PV 4 PHP.D

(N = 25} (N =325) {N = 33) (N = 25) (N =33} {N = 24) {N a3 (M = 72)
Local rednesa 0 2 [} 1 1 1 1 0
Local soreness 1 3 1 't 1 1 0 0
Fever (238.5°C) q{ H 0 5 [ § 0 i
lrritnbijjty 17 17 12 12 12 11 8 7
Sleepitiens Q 0 ¢ Q 1} 0 0 ¢

TABLE 2, Geometric mean antibody levels of infants recetving DTP at 3, 4 and 8 months and [PV at 6 and 12 months
with or without PRP-D at 3, 4 and 6 months

e —— — e
Al e ey

3 4 6 7 12 14
Months Mentis Months Marithe Months Montas

PRP (ug/ml)

With PRE.D . 0.08 0.08 0.10 0.35 0.1 487

Without ) 0.10 0.08 0.07 007 0.10 £
Diphtheria antitoxin (TU/ml)

With PRP:D 0.010 0.008 0.006 0411 N ND

Withaut 0.014 0,008 0.051 0,352 ND ND
Tetanus antitogin (IU/ml)

With PRP.I 0.049 0,108 0512 3.668 ND ND

Without 0.063 0,113 - 0.430 5,688 ND N
Polio 1* - ’

With PRE.D 4 <4 <4 8.7 .7 £70

Withous 12 8.2 ia 1.1 6,1 320
Polla

With PHED 28 17 1.5 2 18 730

Without 14 10 8.8 12 8.3 10
Palie 3

Witk PRP.D 4.5 <4 <4 18 8.8 210

Without 41 =4 <q .

Y ND, net dovermined.

* Reciprocal of end point dilution neutralizing 50 to 100 TCIDw {50% tixene cultutre Infectious dose) unita of virus,
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diphtheria antibody levels (Pearson's correlation coef-
ficisnt, 0,15, P = 0.49),

DISCUSSION

~ The study design permitted us to-investigate the
‘nmune responses to the vaceines routinely used in
Finland, given either alone or together with PRP-D.
In these two groups of children, we measured serum
antibodles to diphtheria and tetanus toxoids and to
inactivated polioc vaccing by routine methods, The
angwer was clear-cut, PRP-D did not interfere with

the antibody response to roytine vaccines at any time .

point, Alse the reactogenicity of these vaccine com-
birations appears t¢ be comparable to that of DTP or
[PV given alone,

Pertussis antibodies were not determined hecause
of lack of uniformly accepted standards of relevant
pertussis antigen and antibody determinations. How-
sver, we have no reason to believe that the response
Lo pertussis antigens should be different. The study
gives no anawer t0 the question of the suitability of
FRP-D and live viral vaccines becayse they are not
used during infancy in the Finnish vaccination sched-
ule,

PAP antibody toncentrations in the PRP-D.vacci-
puted vhildren were somewhat lower than thess re-
ported sarlier,” This may be a result of both the
different vaceine lot and the different vaccination
sehedule.' In an earlier atudy with unconjugated vac-
ging the antl-PRP antibody concentrations were lower

whan 0P vaccine was administered simultaneously -

with PRP compared with concentrations after PRP
aione " On the other hand in two other studies the
6pposite was Lrue,'™? and in a recent study in Finland
we could ot detect any significant inhibitory effect™
‘huse cata are, however, not directly comparable to
ihe present study in which a PRP conjugate was used.
[m anip:a! studies both the anti-PRP and anti-tozoid
antivody concentrations wers increased when Hib
capsuler polysaecharide conjugates were given concur-
rently with the relevant tetanus or diphtheria or
DTP.'%%® We have no data on the possible effect of
DTP un PRP responses becausa all children receiving
PRP-D also received DTP,
fn' summary the results obtained show that Hib
vaceine can be incorperated in the normal vaceination
programs, to be given together with DTP or IPV,
without the need to increase the number of visits to
the ¢hild health centars,
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Outbreak of enterovirus 71 infection in Victoria,
Australia, with a high incidence of neurologic

involvement

GWENDOLYN L. GILBERT, MBBS, FRACP, FRCPA, KAYE E. DICKSON, B APPL 8CI,
MARY-JO WATERS, MSC, MBBS, FRCPA, MARGERY L. KENNETT, B8C, SALLY A. LAND, BSC (HONS)

AND MARGARET SNEDDON

An outhreak of infections caused by entero-
virus 71 occurred in southeastern 'Australia
during the winter of 1986, Infection was con-
firmed by virus isolation or serology in 114
patients, 65 of whom were admitted to hospital,
Fifty-one percent of inpatients were infants
younger than 12 months old and 85% were
younger than 5 years old.

Many cases of hand, foot and mouth disease
occurred in the community during the epidemic,
but 81% (33 of 65) of patients admitted to hog-
pital had central nervous system involvement,
often associated with severe symptoms. Six pa-
tients had encephalitis and one had a poliomye-
litis-like paralytic illness. Various skin mani-
festations other than hand, foot and mouth dis-
ease occurred, especially in young children, and
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25 patients had significant respiratory disesse
including at least 7 with pneamonia.

Enterovirus 71 is one of very few viruses that
cause hand, foot and mouth disease as well as a
variety of other clinical manifestations. The
most imaportant of these is meningoencephalitis,
which causes significant morbidity, especially
in infants and young children.

- INTRODUCTION

The first recognized cases of disease caused by &
new enterovirus, which was subsequently called entes-
ovirus 71 (E71), oceurred in California between 1969
and 1972." Most of the patients, from whom the virus
was isolated, had benign central nervous system
{CNS) infection. However, one isolate was from the
brain of & child who had died of encephalitis, In the
southern summer of 1972 to 1973 the same virus
caused an epidemic in Metbourne.? Aseptic meningitis
was the commonest manifestation but some patients
had vesicular rashes or respiratory symptoms. A sim-
ilar outbreak occurred in Sweden during the subse-
quent northern summer.’® Widespread epidemics of
hand, foot and mouth ch) and aseptic meningitis

July, 1988
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tnduction of Mucosal Immunity by Inactivated Poliovirus

Yaceine Is Dependent on Previous Mucosal Contact with Live
. 1
irus |

Tingke k1. P, T, Herremans,” Johan H, J, Reimerink, Annemarie M. Buisman,
Tjeerd G, Kimman, and Marion P, G. Koopmans

T'he inactivated poliovirus vaceine (IPY) is used for protection against polormyelitls in The Netherlands, It Is not clear, however,
whether 1PV vaccination can lead to priming of the mucosal lmmune system and the induction of IgA, It has been demonstrated
that LPY vaccination is able to induce strong memory IgA responses in the serum of persons who have been naturally exposed td
witd-type poliovirus, This has led to the hypothesis that IPY vaccipation s able to induce poliovirus-specific IgA at mucosal sites
in persens who Lave been previously primed with live poliovirus at mucosal sites, To test this hypaothesis, the kineties of the IgA
response in serum and saliva after IPY vaceination were examined in persons previously vaccinated with oral pollavirus vaceind
(V) or [PV, ELISA and enzyme-linked immunospot assays were used for the detection of poliovirus-specific IgA responses, In
nutiftion, B eell populations were separated on the basis of the expression of mucosal (@47 integrin) and perlpheral homing
reseiiery (L-selectin), Parenteral IPY vacclnation was able {o boost systemic and mucosal IgA responses In previously OPV:
vacelnated persons only, None of the previously vaceinated 1PV recipients responded with the production of IgA in sallvs, Li
wgrocment with this linding, a large percentage of the pollovirus-specific IgA-producing tymphoeytes detected in previous OPV
recipients expressed the ad 37 integrin, It is coneluded that 1PV vaccination alone [s insufficient to induce a mucosal IgA respunsé
apainsi poliovirus, In mueosally (OPV-) primed individuals, however, booster vaccination with 1PV leads to a strong mucosal Igd

response. The Jouwrnal of Immunology, 1999, 162 5011-5018,

”@ oliamyelitis has been effectively controlled through the

i use of two different vagcines: the inactivated poliovirus
. vaccine (1PV)® and the altenuated oral poliovirus vaccine
{OPVY (1), Mucosal immunity protects from (re)infection and is
exsential for the reduction of poliovinus circulation within the pop-
wiation (2-5}, Therefore, induction of mugosal immunity is of par-
tivilar importance for the poliomyelitis eradication program, be-
ciise both polievirus-induced paralysis and poliovirus circulation
st come o @ complete stop to reach the target of & polio-free
worli,

Whether wild-type poliovirus can remain cireulating in vacei-
st populations {silent circulation) is an impertant question for
the eradicaion program. ln theory, silent circulation is possible in
Y -vaceinated populations because im, vaceination with [PV
probably induces hittle or no secretory lgA (S-1gA) at mucosal
sites, Several studies, however, indicate that some degree of mu-
¢esal immunity can be measured in IPV vaccinges, albeit less than
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in people who have been vaccinated with the OPV or infected witl;
wild-type viros (4-9), Most information comes from studies tha:
were conducted at times when pollovirus was still endemie, or iri
regions where OPV was also used. Therefore, the results of these

‘studies are likely to be confounded by additional priming of the

mucosal immune system by infection with live poliovirus (vaccing
or wild-type), Some of the more recent studies have also inciuded
IPV-vaccinated subjects recruited from endemic regions (7, 10),
Therefore, it is still unclear whether the [PV vaccination alone is
able to induce mucosal immunity and is responsible for the induc-
tion of S-IgA in saliva or stool samiples.

We have previously shown that IPV vaccination can induge
strong memory ]gA responses in the serum of persons who have
previously been naturally expesed to live (wild-type) poliovirus
(11), An age-dependent increase in the presence of IgA in the
girculation of the IPV-vaccinated population in The Netherlands,
one that cannaf be explained by TPV vaccination alone, has also
been described (11), Basad on these results, we have postulated
that & memory IgA response after IPV vaccination is dependent on
previous mucosal infection with live poliovirus (vaccine or
wild-type).

To test this hypothesis, both IPV and QPV recipients were given
a booster vaccination with one dose of IPV, The group of OPV
recipients served as & model for previous mucosal priming with
live poliovirus, Induction of poliovirus-specific 1gA was measured
in the plasma, saliva, and stool samples of the volunteers, Polig-
virus-gpeeific 1gG and IgA Ab-producing ¢ells isolated from the
circulation were enumerated by enzyme-linked immunospot
(ELISPOT) assays, The homing potentials of the poliovirus-spe-
¢ific IgG- and IgA-producing lymphooyies found in the cireulation
were also examined to determine their final destination,
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Materials and Methods

Vaccine recipients and booster immunization

Fourteen IPV-vaccinated volunteers from The Netherlands (average age
25.8, range 20~41 yrs) and 11 OPV.vaccinated volunteers (average age
32,5, range 25-44 yrs) from different countries where OPV is used in
hationa! programs were enrolled in the study, Most GPV recipients were
from countries where circulation of wild-type poliovirus has been absent or
at low levels for some time, including Canada, Germany, Belgium, Italy,
New Zealand, Austria, Spain, and Curacac. One 0PV recipient was from
Moroceo, where wild-type poliovirus has been detected ns recent ag 1995,

All volunteers were injected i.m. with a standard dose of the IPV (diph-
theria, tetaus, poliomyelitis vaccines) (National institute of Public Health
and the Environment (RIVM), Bilthoven, The Netherlands) containing 40,
4, and 7.5 D-antigen units for serotypes |, 2, and 3, respectively. This
vaccine {8 also used in the regulat immunization program in The Nethet-
lands, where a total of six 1PV vaccinations are given at 3, 4, 5, and 12 mo,
and at 4 and 9 yr of age. Blood specimens were collected before booster
vaccination and at 3, 7, and 2§ days postvaccination and were immiediately
ptovessed. Saliva samples were collected in plastic vails containing a pro-
tease inhibitor mixture (Boehringer-Mannheim, Mannheim, Germany) at
each of the first 10 days after vaccination and every week thereafter until
8 wk postimmunization, Three stool specimens {wk 0, 1, and 2) were
coilected in special containers and examined for poliovitus-specific Abs.
Stool and saliva samples were stored at —20°C until use,

The study was reviewed and approved by the Ethical Review Commit-
teg of Netherlands Ceilrai Organization for Applied Sciestific Research
{Zeist, The Netherlands). An informed congent form was signed by all
yolunieers at the start of the study,

Isolation of lymphocytes

Blood samples were collected in containers using EDTA as an anticoag-
ulant, The blood samples were layered on an equal voluma of ficoll (His-
topaque; Sigma, Zwijndrecht, The Netherlands). After <entrifugation
(30 min, 400 X g) the lymphocyle-rich interphase was removed by pipette.
The plasmn was collected and stored at ~20°C until testing in the ELISA
assays was done. Cells were washed twice in RPMI 1640/10% FCS (10
min, 250 X g), counted, and adjusted to the required concentration,

Separation of homing receptor-positive and -negative cell
populations

The separation of the Iymphocytes into homing receptot-positive and «neg-
ative populations has been described by Kantele et al. (12), Cells were
sepatated on the basis of the expression of the integrin edB7, which me-
diates trafficking to the intestine and intestinal lymphoid tissues, and L-
selectin {Chemicon, Temecula, CA), which mediates lraficking mainly to
. the peripheral lymph nodes (13~15). Celts (107 celis/ml) were incubated
with 1 pg/ml mAb to L-setectin, or with 2 ug/ml mAb to adf7 (Act-1;
kindty provided by Leukosite, Ambridge, MA, and Dr, Lazarovitz (London
Henith Science Centre, London, Ontario, Canada) for 30 min at 4°C under
rotation in a volume of | mi medium. Cells were washed three times and
incubated with 2 X 107 magnetic beads coated with sheep anti-mouse 1gG
(Dynal M-458, Oslo, Norway)., The beads with the attached cells were
sepatated from the recepter-negative population through the application of
8 magnet, The beads were washed once and the separation was repeated.
‘The receptor-positive cells attached to the beads were suspended in me-
dium, Both posiiively and negatively selected cell populations were used in
ELISPOT agsays. -

FACS analysls

The composition of the negatively selected cell popuiations was examined
after cell separation by FACS analysis, Cells were incubated for 30 min on
ice with primary Ab to Leselectin or adB7 integrin (Act-1). Afer incuba-
tion, the cells were washed three times with 1% BSA in PBS end incubated
with FITC-vonjugated goat anti-mouse conjugate (Cappel, Aurora, OH) for
30 min on ice. Cells were washed and analyzed using FACSean {Becton
Dickingon, San Jose, CA). The average purity of the negatively selected
cell population after separation was 95% and 97% for L-selectin and w487,
respectively,

ELISPOT assay

Microtiter plates were coated with an optimal dilution in carbonate buffer
of bovine anti-potiovirus serotype 1, 2, ot 3 (RIVM), and were incubated
avernight at 4°C. The wells were then saturated with 10% FCS in RPMI
1640 for I hat 37°C, Ag was added it 4 concentration of 40120 DU/ml
IPV and incubated for 2 h at 37°C. Plates wera washed four times with PBS

INDUCTION OF MUCOSAL IMMUNITY BY INACTIVATED POLIOVIRUS W&

supplemented with 0.5% Tween 20. Serial dilutions (2-fold$ of the PBMC

in a volume of 100 wi starting at 10° cells/ml were incubated for 4 b,
allowing the lymphocytes to sectete Abs. Plates were washed, and the Abs
bound to the viral Ag on the plate were detected by alkaling phosphatasa.
conjugated IgG or IgA class-specific Igs (Sigma). Plates werc jncubated for
2 h at 37°C, After washing the plates, substrate (5-bromo-d-chloro-1-ins
dolyl phosphate) in a concentration of 0.65 mg/ml was diluted in 2-aming-2
methyl-1-propanol substrate buffer with agarose 0f 40°C, then added 16 the
wells and allowed to harden, Ab-producing ¢ells were visible ns bluve spor
and were enumerated under a microscope allowing the total mumber of
Ab-producing cells per 10° cells to be taloulnted. Cells were cultired in e
absence of the poliovirus Ag as a conlrol,

Poliovirus-specific total Igd, lgd !, and Igd2 ELISA (plasma,
saliva, and stool)

The 1gA ELISA was perforted s described (11). Pregence of poliovirug
setolype-specific JgA was determined in plasma, saliva, and stool samplcs.
Plasma samples were inactivated (30 min at 56°C) before use in the (gA-
ELIEA and depleted of IgG Abs with Quik-Sep (Isolab, Mechelen, Del-
gium), according to the manufacturer’s instructions, to prevent possible
interisotype competition. Saliva samples were centrifuged (10 min, 3500
rpm) and inactivated for 30 min al 36°C. A 10% w/v suspension of the
stool samples was added 1o the IgA ELISA ala 1:2 dilution. ELISA assnys
were petformed with 1gA1- and 1gA2-specific conjugates {Southers Bip-
technology Associates, Uithoom, The Netherlands} to delermine the sub-
classes of poliovirus-specific IgA, The resuits obtained with the saliva lpa
assay ateé expressed 48 a posiliveinegative ratio lo correct for higlh back.
ground levels that were observed in some recipients, Optimal dilutions of
reagents were detetmined by checkerboard titration. Positive and negaiive
control serum samples were included in all 1gA assays,

Poliovirus-specific secretory 4b cupure ELISA

A capture ELISA was used as described to determine whether IgA deteciad
in plasma samples after IPV vaccination was also present jn its secretary
form (11). Briefly, microtiter plates wete coaled with a mAb sgains! the
sectetory component (Sigma) by overnight incubation at 4°C in carbonate
buffer. Plates were blocked with 5% Blotto (Pierce, Oud Beijeriand, The
Netherlands), Plasma dilutions (1:50) were added, and the plates were in-
cubated for 1.5 h at 37°C. IPV was added, and bound Ag was detected with
horseradish peroxidase-labeled serotype-specific mAb (1 h, 37°CY. Tatea
methylbenzidine was used as a substrate (&1 mg/ml) in 0,11 M sodiomag
etate buffer, and the reaction was stopped aRer 30 min with 2 M 14,50,

Pallovirus-specific subclass and total IgG ELISA (saliva and
plasma)

Saliva and serum samples were tested for the presence of poliovirus sero-
type-specific 1¢G Abs, Assays were performed as desctibed for the IgA
ELISA but with anti-human IgG-alkalinc phosphiatase-labeled conjugais of
with biatin-labeled Abs to the different subclasses of g (TeG 1, -2, -3, and
«4; Sigma). Optimal dilutions of reagents were oblained by checkerboarg
titration, Avidin conjugated with alkaline phosphatose was added 1o the
plates that were then incubated for | h at 37°C. The plates were washed,
and 100 ul of p-nitrophenylphosphate at a concentration af | mg/m in €.}
M glycine buffer was added to each well. Aftar incibution at soom em-
perature for 3O min, the plates were read at 405 nimn.

Poliovirus-binding inkibition test (PoBi)

The PoBI was performed as described te determine the potiovirug seralypo-
specific Ab titer in the plasma samples {i6). The reciprocal of the first
setum ditution that wag pogitive in the inhibition test was laken as the tier
of the test sample,

Poliovirus-specific IgM capture ELIS4
The 1gM-ELISA was performed as described (17). A positive and 2 neg.

ative control serum were examined in ench assay

Statistical methods

Student's ¢ tests wete perfo
fecence between 1PV and
considered significant,

PY redipiepfs. The p
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Resuls
Potiovirus-specific Igd- and lgG-producing cells in volunieers
before and afier [PV booster vaceination

The number of poliovirus-specific 1gG- and 1gA-producing cells in
the cireulation was determined for all three serotypes of poliovims
al days G, 3, 7, and 28 (Fig. 1), Both IPV- and OPV-vaccinated
subjects responded with 1gG-producing cells that were detectable
only at day 7 afier booster vaccination with 1PV (Fig. 1, 4 and ).
High numbers of IgA-producing cells were detected in OPV-vac-
cinated persons 7 days after vaccination (Fig. 1D). In contrast,
nong of the IPV recipients had IgA-producing cells to serotypes !
and 2, und only one [PV-vaccinated subject responded with 230
serofype 3-specific lgA-producing cells/10° cells at day 7 (Fig,
1), No poliovirus-specific 1gG- and IgA-producing cells were
detegied at 0, 3, and 28 days after booster vaccination in either
aroup, On average, the levels of Ag-specific IgA-secreting gells
were higher than for 1gQ secreting cells, but this was not observed
in all OPY recipients.

‘e L-selectin and adB7 positive and negative cell populations
were tested in serotype 3-specific ELISPOT assays (Fig. 2). The
reaiority (77.3%) of the poliovirus-specific lgA-producing cells
sewcieid uf day 7 after booster vaceination in the OPV recipients
cxpressed the pdB7 integrin on their surface (Fig. 24). A median
juvel af 2744 and 808 polievirus-specific IgA-producing cells/10°®
cells was measured 1or a4 47 integrin-expressing and -nonexpress-
g eells, respectvely, Pollovirus-specifie 1gA-producing cells
& detnted in hath the L-selgctin positive and negative popu-
sathuas in the DPVevaceinated group (Fig, 28), A total of 35% of
thy polioviruse-pecifie 1gA-producing cells expressed L-selectin
ap dhwic surfage, There was no significant difference in the propors

i

tion of poliovirus-specific IgG-producing cells expressing the
w487 integrin between the 1PV and OPV recipients (72.3% vs
72.6%, data-not shown), However, 80.9% of the poliovirus-spe-
cific IgG-producing cells expressed L-selectin in the 1PV-vacci-
nated group, while only 46.5% were found positive with L-selectin
in the OPYV recipients (data not shown).

Poliovirus-specific Ig4 in saliva

A significant difference (p < 0,01) was seen in the poliovirus-
specific salivary IgA response for the three serotypes between
OPV and IPV recipients after the IPV booster vaccination (Fig, 3).
Nine of eleven OPY recipients developed a salivary IgA response
to all three serotypes of poliovirus after the IPV booster vaccina-
tion. The poliovirus-speeific IgA appeared in the saliva within 5-6
days nfter the booster vaccination, None of the 1PV-vaccinated
volunteers (n = 14) respanded with poliovirus-specific IgA in the
saliva (Fig. 3).

Poliovirus-specific 1g4 in stool

Poliovirus-specific IgA to all three serotypes was detected in the
stool samples of three cut of nine of the QPV-vaceinated subjscts.
A mucosal IgA response was noi detected in any of the 1PV.vae-
cinated subjects’ stool samples. This difference was not significant
(data not shown).

Poliavirus-specific 1g4 in plasma

Two subjects in the OPV group had dastectable TgA to eil three
serotypes in their circulation before the [PV booster vageination
was given (Fig. 48), and one subject in the IPY group had deteet-
able paliovirus-specific [gA to seratypes 2 and 3 at day 0. There
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irculation at 7 days aftet an {PV booster vaccination in previously 1PV.
and OPV-vaccinaled recipients. Horizontal lines indicate the median
values.

was a clear increase in levels of circulating plasma IgA to all three
serotypes in the OPV-vaccinated group at day 7 after the 1PV
booster vaccination, and the response remained elevated up to day
28 (Fig. 4). IgA responses to all three serotypes of poliovirus were
also detected in the IPV-vaccinated group, but the levels were
significantly lower than those observed in the OPY recipients
(p < 0.01).

Poliovirus-specific Igdl and IgA2 in plasma

Poliovirus-specific Abs were clearly present in both IgAl and
IgA2 subclasses in the OPV recipients (Fig. 4, 2 and F). IgA
responses in the IPV recipients were seen at very low levels and
appeared to be mainly of the IgAl subclass, No poliovitus-specific
1gA2 was detected in the majority of 1PV recipients,

P;)[iovims-specﬁ?c secrefory Abs in plasma

The IPV and OPY recipients also differed in the induction of po-
liovirus-specific Abs bound to the secretory component in their
eireulation (Fig. 5} Poliovirus-specific secretory Abs appeated in
T of 10 OPV recipients for all three serotypes. Such responses
where absent in the [PV recipients for serotype 1, and only 2 of 11

IPV recipients had detectable poliovirus-specific secretory Abs for

serotype 2 and 3 (Fig. 54). In all cases, the secretory Ab responses

INDUCTION OF MUCOSAL IMMUNITY BY INACTIVATED POLICVIRE
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subeluss (Fig, ). However, the 1gG3 subciass response was
e promivest in the 1PV group compared with the OPV recip-
s, and the difference was signifieant (p < 0.05) for serotype |
and 3 pt day 7 and day 28 after vaccination (Fig. 6, £ and F), A low
jevel 1adi2 response was induced in several individuals by the I[PV
bogstar vaecinalion in both groups (data not shown), No clear re-
sponse was seen for [gG4 for all serotypes in both IPV and OPV
recipients (dala not shown). No poliovirus-specific IgG was seen in
he galive alter 1PV booster vaccination in most of the 1PV and
QFY recipient groups, However, two IPY recipients and one
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subject in the OPV group responded with an 1gC response in the
saliva to all throe serotypes (data not shown),

PoRi

At the start of the study, the median levels of PoBI titers were
generally higher in the IPV-vaccinated group than in the OPY
recipients, This difference was significant for serotype 3 (p <
0.01). However, the OPV recipients responded with a similar in-
crease in PoBI titer after IPV vaceination and reached the same
levels at day 28 (data not shown),
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Polio-specific IgM in plasma

Low positive 1gM responses only were detected in recipients in both
study groups at 7 and 28 days afier booster vaccination. in the IPV-
vaccinated group, 3, 2, and 4 of 11 had an 1gM response to serotype
1,2, and 3, respectively. In the OPV recipients, 3, 5, and 5 persons of
10 had an IgM response for serotype 1, 2, and 3, respectively, No
significant differences were detected in IgM respanses between the
OPV recipients and [PV recipients (data not shown).

Discussion

Although tow fevels of mucosal immunity have been found after
IPV vaceination in previous studies, these responses have been less
effective in reducing viral shedding after a challenge with OPV
than those observed after OPV vaccination (4-10). This study was
conducted to determine mucosal immune responses following IPV
vaccination in a country with almost ho circulating poliovirus, Un-
der these circumstances, it is clear that PV vaccination alone is not
sufficient to induce mucosal IgA. From this and previous work, we
conclude that the previously reported mucosal responses after [PV
vaceination are more likely to be the effect of previows mucosal
priming with live viruses than of IPV vaccination alone. It remaing

to be determined whether ot not IPV vaccinees, in the tota) absance

of a mucosal IgA response, are partially protected in challenge
experiments, Reduced virus shedding in IPV recipients after chals
tenige with OPV has been previousty repotted, but again, it was
uncleat in these experiments whether poliovirus immunity was
solely induced by IPV vaccination as opposed to 8 mixed iminu-
nization of 1PV combined with mucosal infection (2, 8-9),

INDUCTION OF MUCOSAL IMMUNITY BY INACTIVATED POLIOVIRUS ¥

| R

The poliovirus-specific IgG levels detected in the sa!i\;a?_c_ﬂ":‘”l’\v"

recipients were low or absent, suggesting that salivary lpG egs.. .

niot play & role in protection from nwcosal infection with poliovi-
tus, We cannot exclude isotype competition in our saliva assay
between Ig(i- and IgA-poliovirus-specific Abs, Howaover, in e -
IPV recipients with no detectable poliovirus-specific IgA in their
saliva, this isotype competition is very unlikely. IgG is thought to
enter the mucosal secretions nonspecifically through paracelluiar
transport. It still remains to be investigated whether or not circu-
lating IgG is able to exert an influence on protection to a mucosal
policvirus challenge. It has been postulated that a critical jevel of
specific serum TgG may be sufficient to protect against infectious
discases by inactivating the inoculum of the pathagen (18).

Assuming that the absence of mucosal IgA reflects a lack of
mucosal protection, our observation may have implications for the
poliomyelitis eradication program in The Netherlands, In the ah-
sence of an efficient mucosal batrier, IPV recipients will remain
sensitive to poliovirus infection. These infections will go unno-
ticed because fully vaccinated persons will not develop any sytmp.
toms of disease, Under these circumstances, 1PV rocipients will
contribute to the (continuous) circulation of policvirus, This poses
# special risk to the religious communities with low vactine cov-
erage that presently exist in The Netherlands. Epidemics of polic-
mtyelitis occurred within these groups in 1978 and 1992, despile
the high national vaccine coverage (19-22). Duting the advancing
stages of poliomyelitis eradication, accomparied by a decrease in
the incidence of the mucosal infection of IPV recipients by live
poliovirus, this effect is likely to be even mare pronounced, re-
sulting in the waring of presenitly existing mucosal immunity in
the general population,

Parenteral IPV vaceination induced a strang and rapid 1gA re-
sponse il previously OPV.vaccinated persons both at mucosal
sites and in the citculation. However, the presence or absence of

“Abs in stool extracts might not be truly representative due to

prompt digestion of intestinal immunoglobuling by the enzymes
present in the stool samples (23}, Similar memory igA tesponses
in the circulation after IPV vaccination were detected in a group of
nenvaccinated but naturally exposed persons {113 Induction of
memory S-IgA responses by parenterally administered inactivated
vaccines has also been described for influenza virus (24, 25),
Pseudomonas aeruginosa, and meningococei (26, 27). In these
cases, natural infection with the agents is very common, and the
authors postulated that the memory [gA response most likely re-
sulted from previous mucosa) infection with the wild-type virus o
bacteria, based on the dogma that mucosal Ag prasentalion s re-
quited for an effective mucosal immune response.

The mechanistm by which inactivated parenteral vaceination esn
restimulate the mucosal 1gA responses is unknown. The memory
IgA-producing cells detected in our expedments most likely have
originally been pritmed at mucosal sites. IPV is applied {.m., there-
fore, the peripheral lymph nodes are theoretically the first iym-
phoid location for'Ag presentation to memory cells (28). Expres-
sion of L-selectin (indicating homing to peripheral lymph nodes)
on paliovirus-specific IgG- and IgA-producing cells was demon-
strated in this study, The memory Iymphocytes will proliferate
after restimuiation and leave the peripheral lymph nodes, A large
proportion (73%) of the circulating poliovirug-specific IgA~pro-
ducing cells expressed the adpf7 mucosal homing teceptor, indi-
cating u preference for homing to the mucosal curfaces. This was
underscored by the induction of polioviris-specific 1A in saijva,
At least a proportion of the polioviris-specific lgA-producing celis
in this experiment expressed both M a487 integrin and L-seiectin
on their surfuce, Tt is Knéwi thar & form
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sigrals acting on both vircylating and local celis (13), The final
combinaiian o homing receptors on the cells’ surface is likely to
saeount for the regional preference of the agtivated cells, The pres-
gnce of memory cells that express both the Leseloctin and o487
fioming rgeepiors are an ideal immune surveillance mechanism to
contrel infections both el the systemic and mueosal level,

The poliovirus-spacific subclass respanse of IgA and 1gG was
determined lo investigate whether there was & qualitative and
quantitave difference in the humoral immune response afler IPV
bougter vaccination in previeusty IPV- and OPV-vaceinated per-
sons. Polipvirug-specific 1gA2 in the circulption was clearly
pigsent in the OPV recipients, and might be derived from lym-
nhocytes thal were originally primed at mucosal sites. Presence of
policvirus-speciiiv igA2 in the plasma might serve as u systemic
marker for mucosal memory rather than the presence of total po-

liovirus-specific !gA, since an IgAl response, albeit small, was
also seen in some of the 1PV recipients,

We detected an IgGl and 1gG3 subclass response before and
afler IPV booster vaecination in both the OPY and 1V recipients
(Fig. 6), Similar results were reported in poliomyelitis patients and
for other enteroviral Ags (29, 30), However, in this study, the IgG3
response in the OPY recipients was significantly lower than in 1PV
recipients, These results might indieate a difference in preforence
for an 1gQ! switch over an IgG3 switch after mucosal priming
with QPY compared with systemic vaceination with [PV, No clear
1g(04 response was observed, and only g few individuals responded
with 1g02 poliovirus-specific Abs, Mechanisms for the observed
differences remain to be investigated,

Not much is known about the induction angd presence of ¢ircu-
lating 8-1gA. Immunoassays indicate that S-IgA can be detected at
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relatively low levels (+/=10 pg/mi) in serum (31, 32), In the
present study, we detected poliovirus-specific S-IgA after booster
vaccination with 1PV in previously OPV-vaccinated recipients,
The response was at low levels and decreased rapidly. The bio-
logical relevance of this finding is speculative and remains to be
investigated. We speculate that it represents an overload of the
secretory system.

Very little is known about the effects of a combination sehedule
of IPV and OPV vaccination on systemic and mucosal immunity,
A combination of both vaccines is able to overcome sotne of the
disadvantages that can occur when each vaccine is used separately
(such as vaccine-associated cases) and is able, at the same time, to
achieve both the high serum Ab levels provided by enhanced 1PV
and the intestinal protection provided by enhanced OPV. Recent
studies in the United States have employed a combination of e[PV
and OPV that effectively induced high neutralization titers, as well
as mucosal immunity (33).

Vaceination with OPV is 2 source of live virus introduction into
the environment, and must, therefore, cease completely in the fu-
ture, This work has demonstrated that after initial vaccination with
OPV, 1PV booster vaccinations are able to maintain the mucosal
IgA tesponse at high levels for years thereafier, These findings
indicate that a combination schedule of OPY and 1PV vaceination
could serve as a powerful tool in the final stages of the eradication
program.
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tguetion of Mucosal Immunity by Inactivated Poliovirus

vaccine Is Dependent on Previous Mucosal Contact with Live
Virus!

‘Pineke M. P, T. Herremans,® Johan H. J, Reimerink, Annemarie M. Buisman,
Tjeerd G, Kimman, and Marion P. G, Koopmans

The inuetivaied pollovirus vaccine (IFV) is used for protection against poliomyelitis in The Netherlands, 1t is not clear, however,
whether 1PY vaceination can lead to priming of the mucosal immune system and the induction of 1gA. 1t has been demonstrated
that 1PY vaccination is able to Induee strong memory JgA responses in the serum of persons who have been naturally exposed to
wild-lype poliovirus. This has led to the hypothesis that IPV vaccination is able to induce polinvirus-specific IgA at mucosal sites
i persens who have been previously primed with live poliovirus at mucosal sites, To test this hypothesis, the kinetics of the IgA
vesponse in serum and saliva after IPV vaccination were examined In persons previously vaceinated with oral pellovirus vaecine
(OPV) or TPV, ELISA and enzyme-linked Immunospot assays were used for the detection of poliovirus-specific 1gA responses. In
addition, B cell populations were separated on the basis of the expression of mucosal (@df7 integrin) and peripheral homing
receptors (L-selectin), Parentersl 1PV vaccination was able to boost systemic and mucosal IgA responses in previously OPV.
vugelnated persons only, None of the prevlously vaccinated 1PV recipienis responded with the produection of 1gA in saliva. In
agreement with this finding, a large percentage of the poliovirus-specific IgA-producing lymphocytes detected in previous OPY
reclpients expressed the ad 37 integrin, 1t is concluded that IPV vacclnation alone is insufficient to induce a mucosal IgA response
wpuinst pollovirus, 1n mugosally (OPV-) primed individuals, however, booster vaccination with 1PV lends to & strong mucosal 1gA

yespinse,  The Jeurnal of Immunology, 1999, 162: 50115018,

"E"”‘% olioryelilis has been effectively controlled through the

& use of two Jifterent vaceines; the inactivated poliovirus
A waccine (1P and the arenuated oral poliovirus vacging
(OPYY (1) Mugosa! immunity protects from (re)infection and is
gssential for the recuction of poliovirus cirgulation within the pop-
Wation (2-3). Therefore, induction of mucosal immunity is of par-
tigular importance for the poliomyelitis eradication program, be-
cause both paliovirus-induced paralysis and poliovirus circulation
must ceme Lo a compiete stop to reach the target of a polio-free
world.

Whether wild-type poliovirus can remain circulating in vacci-
nated populations (silent cireulation) is an important question for
the eradication program, In theory, silent circulation is possible in
1PV-vaceinated populations because im. vaccination with 1PV
probably induces little or no secretory IgA (S-IgA) at mucosal
sites. Several studies, however, indicate that some degree of mu-
cosal immunity can be measured in IPV vacciness, albeit less than
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in people who have been vaccinated with the OPV or infected with
wild-type virus (4-9)., Most information comes from studies that
were conducted at times when poliovirus was still endemie, or in
regions whete OPV was also used, Therefore, the results of these
studies are likely to be confounded by additional priming of the
mucosal immune system by infection with live poliovirus (vaccine
ar wild-type). Some of the more recent studies have also included
1PV-vaccinated subjects recruited from endemic regions (7, 10),
Therefore, it is still unclear whether the I[PV vaccination alone is
able to induce mucosal immunity and is responsible for the indue-
tion of S-IgA in saliva or stool samples.

We have previously shown that 1PV vaccination can induce
strong memory IgA responses in the serum of persons whao have
previously been naturally exposed to live (wild-type) poliovirus
(11). An age-dependent increase in the presence of IgA in the
circulation of the IPV-vaccinated population in The Netherlands,
one that cannot be explained by IPV vaccination alone, has also
been deseribed (11), Based on these results, we have postulated
that & memory IgA response after IPV vaccination is dependent on
previous mucosal infection with live poliovirus (vaccine or
wild-type).

To test this hypothesis, both IPV and OPV recipients were given
& booster vaceination with one dose of IPV, The group of OPV
recipients served as a model for previous mucosal priming with
five pofiovirus. Induction of poliovirus-specific IgA was measured
in the plasma, saliva, and stool samples of the volunteers, Polio-
virus-specific 1gG and IgA Ab-producing cells isolated from the
circulation were enumerated by e¢nzyme-linked immunospot
(BLISPOT) assays, The homing potentials of the poliovirus-spe-
cific IgG- and IgA-producing lymphocytes found in the circulation
were also examined to determine their final destination,
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Materials and Methods

Vaccine recipients and booster immunization

Foutteen 1PV.vaccinated volunteers fram The Netherlands (average age
25.8, range 20-41 y1s) and {1 OPV.vaccinated volunteers (average age
32.5, range 2544 yes) from different countries where QPV is used in
national progtams were exrolled in the study. Most OPV recipients were
from countries where circulation of wild-type poliovirus has been absent ot
at low levels for some time, including Canada, Germany, Belgium, Italy,
New Zealand, Austria, Spain, and Curagao. One OPV recipient was froth
Motoceo, where wild-type poliovirus has been detecied as recent as 1995,

All volunteers were Injected i.m. with a standard dose of the TPV (diph-
therla, tetanus, poliomyelitis vaceines) (National Institute of Public Health
and the Environment (RTVM), Bilthoven, The Netherlands) containing 40,
4, end 7.5 D-antigen units for serotypes 1, 2, and 3, respectively, This
vacciete is also used in the regular immunization program in The Nether-
lands, where & total of six IPV vaccinations are given at 3, 4, 5, and 12 mo,
and at 4 and ¢ yr of age. Blood specimens were collected before booster
vaceination and at 3, 7, and 28 days postvaccination and wete immediately
processed. Saliva samples were collected in plastic vails containing a pro-
tedse inhibitor mixture (Bochringer-Mannbeim, Mannheins, Germany) at
each of the first 10 days after vaccination and every week thereafter until
8 wi postimmunization, Three stool specimens (wk 0, 1, and 2) were
tollected in speclal contairiers and examined fot poliovirus-specific Abs,
Stool and saliva samples were stored 4t ~20°C until use.

The study was reviewed and spproved by the Ethical Review Commit-
tee of Netherlandy Central Organization for Applied Scientific Research
{Zeist, The Netherlands). An informed consent form was signed by all
volunigers af the start of the study.

Isolation of lymphocytes

Blood samples were coilected in containers using EDTA as an anticoag-
ulant, The blood samples were layered on an equal volume of Gcoll (Hiss
topaque; Sigma, Zwijndrecht, The Netherlands), Aftet centrifugation
(30 min, 400 X g) the lymphocyte-tich interphase was removed by pipetta,
The plagma was collected and stored at =20°C until testing in the ELISA
assays was done, Cells were washed twice in RPMI 1640/10% ¥CS {10
min, 256 X g), counied, &nd adjusted 1o the required coneentration,

Separation of homing receptor-positive and -negative ceil
populations

The separation of the lymphocyles into homing receptor-positive and -neg-
ative populations has been described by Kantele et ul. {i2). Cells were
separated onh the basis of the expression of the integrin a4 7, which me-
diates trafficking to the intesting and intestinal lymphoid tissues, and L-
selectin (Chemicon, Temecula, CA), which mediates trafficking mainly to
the peripheral lymph nodes (13-15). Cells {107 cells/ml) were incubated
with | ug/ml mAb to L-selectin, or with 2 pg/ml mAb to a4B7 (Act-1;
kindly provided by Leukosite, Ambridge, MA, and Dr. Lazarovitz {London
Health Seience Centre, London, Ontario, Canada) for 30 min at 4°C under
rotation in a volutne of | ml medium, Cells were washed three times and
incubated with 2 X 107 magnetic beads coated with sheep anii-mouse 1pG
(Dynal M«450, Osla, Notway). The beads with the attached cells were
separated from the recaptor-negative population through the application of
# magnet. The beads were washed once and the separation was repeated.
The receptor-positive cells attached to the beads were suspended in me-
dium, Both positively and negatively selected cell poputations were used in
BLISPOT assays.

FACS analysis

The composition of the negatively selected cell populations was examined
after cell separation by FACS analysis. Cells were incubated for 30 min on
fce with primary Ab to L-selectin ot 437 integrin (Act-1). After incuba«
tipn, the cells were washed three times with % BSA in PBS and incubated

with FITC-conjugated goat anti-touse conjugate (Cappei, Aurora, OH) for’

30 min on ice, Ceils were washed and analyzed using FACScan (Becton
Dickinson, San Jose, CA). The average purity of the negatively selected
cell population after separation was 95% and 97% for Leselectin and x4 87,
respectively.

ELISPOT assay

Mictatiter plates were coated with an optimal dilutlon in carbonate buffer
of bovine entl-poliovirus serotype 1, 2, or 3 (RIVM), and were incubated
aveenight at 4°C. The wells were thien saturated with 10% FCS in RPMI
1840 for 1 b at 37°C, Ag was added it a concentration of 40120 DU/mi
PV and ineubated for 2 h at 37°C, Plates were washed four times with PBS
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supplemented with 0.5% Tween 20. Seria! dilutions (2-fold) of the PRMC
in a volume of 100 pl starting at 10° ceils/ml were incubated for 4 |,
allowing the lymphocytes to secrete Abs. Plates were washed, and the Abs
bound to the viral Ag on the plate were detested by alkaling phasphatase-
conjugated [gG or IgA class-specific 1gs (Sigma). Plales were incubated for
2 h at 37°C. After washing Lhe plates, subsirate (5-bromo-4-chlorn-3-in-
dolyl phosphate) in a concentration of 0.65 mg/m! was diluted in 2-aming-2
methyl-1-propanol substrate buffer with agarose of 40°C, then added to the
wells and allowed to bacden, Ab-producing cells were visible s blue spits
and were enumerated under a microscope allowing the laa! humber of
Ab-producing cells per 10° cells ta be calculated, Cells were cultured in the
absence of the poliovirus Ag as u control.

Poliovirus-specific total Ig4, lgAl, and lgd2 ELISA (mlasma,
saliva, and stool)

The TgA ELISA was performed as deseribed (11). Presefice af poliovirus
serotype-specific IgA was delermined in piasme, saliva, and slool samgles.
Plasma samples were inactivated (30 min at 56°C) befare use jn the igA-
ELISA and depleted of 1gG Abs with Quik-Sep (Taolab, Mechelzn, Hel-
gium), according 10 the matufacturer’s instnictions, (o prevenl paseikls
interisotype competition. Saliva samples were centrifuged (10 min, 1500
tph) and inactivated for 30 min at 56°C. A 10% w/v suspension of the
stool samples was added to the 1gA ELISA ata 12 dilution. ELISA assays
were performed with 1gA 1. and [gAZ-specific conjugates (Southert fiig-
technology Associates, Uithootn, The Netherlinds) to detetmine the sub-
classes of poliovirus-specific IgA. The tesults obtained with the saliva 1gA
ilbsay are expressed as a positivesnegative ratio lo correet for high back-
ground levels that were observed in some recipicnts. Optimal dilttions af
reagerits were determinied by checkerboard titration, Posilive add negative
conirol serum samples were inicluded in all 1gA assays.,

Poliovirus-specific seoretery 4b capture ELISA

A capture ELISA was used as described to detgtmine whether 154 detected
in plasma samples after 1PY vaccinatioti was also present i its secretory
form (11). Briefly, mizsotiter plates were coated with & mAb againsl the
secretory component (Sigma) by overnighl incubation at 4°C i# cashonate
buffer. Plates were blocked with 5% Blotto (Pietce, Oud Beijeriand, The
Netherlands}). Plasma dilutions (1:50) were added, and the plales were in-
cubated for 1.5 hat 37°C. 1PV was added, and bound Ag was detectcd with
horsetadish peroxidase-labeled serotype-specific maAb () b, 317°C, Teten-
methylbenzidine was used as a substrate (0.1 mg/mi) frn 0,11 M sodinmac-
etate buffer, and the reaction was stopped after 30 min with 2 M H,50,.

Poliovirus-specific subclass and total 1gG ELISA (saliva and
plasma)

Saliva and serum samples wereesled for the presence of paliovirus sors-
type-specific [gG Abs. Assays were performed as described for e 1gA
ELISA but with anti-human [g(-alkaline phosphatase-labeied conjugnte o
with biotitt-labeled Abs to the different subclasses of 13G (1gG1, «2, -3, fnd
<4; Sigma). Optimal dilutions of reagents were obiained by checkerboand
titration. Avidin conjugated with alkaline phosphatase wes added to the
plates that were then incubated for | h at 37°C. The plates were wnshed,
and 100 nl of p-nitrophenylphosphate at a coneentration of | mg/mt fn 0.1
M glycine buffer was added to each well. After incubation at foom fem-
perature for 30 min, the plales were read at 405 nm,

Poliovirus-binding inhibition test (PoBI)

The PoBI was performed as described to determine the poliovirus serotype-
specific Ab titer in the plasma samples (16). The reciprocal of the first
serum dilution that was positive in the inhibition lest was taken as the titer
of the test sample.

Poliovirus-specific IgM capture ELISA

The 1gM-ELISA was performed as desctibed (17). A positive and a nege
ative control sertim were exatiing

Statistical methods
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FIGURE 1, Poliovirus serolype 1-, 2-, and 3-specific IgA- and IgG-producing cells in the circulation at 0, 3, 7, and 28 days after an IPV booster
vaczinalion in previously 1PV- and OPY-vaccinated volunieers determined by ELISPOT assays, Horizontal lines indicate the median values.

Results
Poliovirus-specific igd- and JgG-producing cells in volunteers
bejore and after 1PV booster vaccination

The number of poliovirus-specific IgG- and IgA-producing cells in
the circulation was determined for all three serotypes of poliovirus
al days 0, 3, 7, and 28 (Fig. 1). Both 1PV~ and OPV-vaccinated
subjects respondsd with 1gG-producing cells that were detectable
onty at day 7 afler booster vaceination with IPV (Fig, 1, A and B).
High numbers of 1gA-producing cells were detected in OPV-vac-
cinated persons 7 days afler vaccination (Fig. 1), In contrast,
nane of the 1PV recipients had 1gA-producing cells 1o serotypes |
and 2, and only one IPY-vaccinated subject responded with 230
serotype 3-specific 1gA-producing ceils/10° cells at day 7 (Fig,
1), Ne poliovirus-specific 1gG- and 1gA-producing cells were
detected at 0, 3, and 28 days after booster vaccination in either
group, On average, the levels of Ag-specific 1gA-secreting cells
were higher (han for 1gG secrating cells, but this was not observed
in all OPV recipients,

The L-satectin and a4f7 positive and negative cell papulations
wers fested in serotype 3-specific ELISPOT assays (Fig, 2). The
majorlty (77.3%) of the poliovirys-specific JgA-produging cells
duiested at day 7 afler booster vageination in the OPV recipients
expressed the w87 integrin on their surface (Fig 24). A median
lavel of 2744 and 808 paliovirus-specific IgA-producing cells/10°
sells was measured for ad 87 integrin-expressing and -nonexpress-
ing cells, respectively, Poliovirus-specific 1gA-producing cells
were detected in both the Leselectin positive and negative popu-
tions in the QPV-vaceinsied group {Fig. 28), A tolal of 39% of
ne poliovirys-specifie [gA-producing cetls expressed L-selectin
on thelr surface. There was no significant difference in the propor-

tion of poliovirus-specific 1gG-producing cells expressing the
o487 integrin between the IPV and OPV recipients (72.3% vs
7:1.6%, data not shown). However, 80.9% of the poliovirus-spe-
cific 1gG-producing cells expressed L-selectin in the IPV-vacci-
nated group, while only 46,5% were found positive with L-selectin
in the OPV recipients (data not shown),

Poliovirus-specific Igd In saliva

A significant difference (p < 0,01) was seen in the poliovirus-
specific salivary IgA response for the three seratypes belween
OPV and IPV recipients afier the IPV booster vaceination (Fig, 3),
Nine of eleven QPY recipients developed a salivary 1gA response
to all three serotypes of peliovirus after the IPV booster vaccina-
tion, The poliovirus-specific IgA sppeared in the saliva within 5=6
days after the booster vaccination, None of the I1PV-vaccinated
volunteers {1 = 14) responded with paliovirus-specific IgA in the
saliva (Fig. 3).

Poliovirus-specific IgA in siool

Poliovirus-specific IgA to all three serotypes was detected in the
sioal samples of three out of nine of the OPY-vaccinated subjects,
A mucosal IgA response was not detected in any of the IPV-vac-
cinated subjects’ siool samples, This difference was not significant
(data not ghown), :

Pollovirus-specific Igd in plasma

“Two subjects in the OPY group had detectable IgA to all three

serotypes in their circulation before the IPV booster vaceination
was given (Fig. 48), and ong subject in the IPV group had detect-
able potiovires-specific IgA to serotypes 2 and 3 at day 0, There
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FIGURE 2. Expression of the homing receptors L-seiectin and ad 7
integrin on the poliovirus serotype 3-specific lgA-producing cells in the
circulation at 7 days aflet an 1PV booster vaccination in previously IPV-
ahd OPV-vaceinated recipients. Horizonlal lines indicate the median
values,

was a clear increase in levels of circulating plasma 1gA to all three
serotypes in the OPV-vaccinated group at day 7 after the [PV
booster vaceination, and the response remained elevated up to day
28 (Fig. 4). IgA responses to all three serotypes of poliovirus were
also detected in the IPV.vaccinated group, but the levels were
significantly lower than those observed in the OPV recipients
(p < 0.01).

Poliovirus-specific Igd! and Igd2 in plasma

Poliovirus-specific Abs were ¢learly present in both IgAl and
[gA2 subclasses in the OPV recipients (Fig. 4, D and F). IgA
responses itt the IPV tecipients were seen at very low levels and
appeared to be mainly of the [gA | subclass, No poliovirus-specifie
IgA2 was detected in the majority of 1PV recipients.

Poligvirus-spectfic secretory Abs in plasma

The [PV and OPV recipients also differed in the induction of po-
liovirus-specific Abs bound to the secretory component in their
citeulation (Fig. 5). Poliovirus-specific secretory Abs appeared in
7 of 10 OPV recipients for all three serotypes. Such responses
where absent in the IPY recipients for serotype 1, and anly 2 of 11
1PV recipients had detectable poliovirus-specific secretory Abs for
serotype 2 and 3 (Fig. 54}, In alf cases, the sectetoty Ab responses
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vitues,

infi} subclasy (Fig. 0), However, the 1g(3 subclass responsg was
gy prominent i the 1PV group compared with the OPV recip-
ients, and the difference was significant (p <0 0.05) for serotype ]
andd 3 a1 day 7 and day 28 plter vaccination (Fig, 6, ¥ and ). A low
levat 1g(i2 response was induced in several individuals by the 1PV
bogster vagcination in both graups {(data not shown), No clear re-
spanse wag seen for 1gG4 for all serotypes in both 1PV and OPV
recipients (data not shown), No poliovirus-specific 1gG was seen in
tha saliva after IPV booster vaceination in most of the 1PV and
OFY recipient groups, However, two [PV recipients and one

subject in the OPY group responded with an igQ respense in the
saliva to all three serotypes (data not shown).

FPoBl

At the start of the study, the median levels of PoBl titers were
generally higher in the 1PV-vaccinated group than in the OPV
recipients. This difference was significant for gerotype 3 (p <
0.01), However, the OPY recipients responded with a slmilar ins
crease in PoBl titer after |PV vaccination and reached the same
levels at day 28 (data not shown).
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in the plasma of previously IPV- and OPV-vaccinated recipients at 0, 3, 7,
and 28 days afler [PV booster vaccination, Horizontal lines indicate the
median values.

The poliovirus-specific IgG levels detected in the saliva of [PV
recipients were low or absent, suggesting that salivary lgC does
not play a rele in protection from mucosal infection with poliovi-
rus. We cannot exclude isotype competition in our saljvs assay
between IgG- and IgA-poliovirus-specific Abs. However, in the
IPV recipients with no detectable poliovirus-specific IgA in their
saliva, this isotype competition is very unlikely. 1gG is thought to
enter the mucosal secretions nonspecifically through paraceilular
transport, It stili remains to be investigated whethet ot not circu-
lating IgG is able to exett an influence on protection to a mucosal
poliovitus challenge. It has been postulated that a critical tevel of
specific serum IgG may be sufficient to protect against infecticus
diseases by inactivating the inoculum of the pathogen (18),

Assuming that the absence of mucosal IgA reflects a lack of
mucosal protection, out observation may have implications for the
poliomyelitis eradication program in The Netherlands, In the ab-
sence of an efficient mucosal barrier, IPV recipients will remain
sensitive to poliovirus infection. These infections will go unno-
ticed because fully vaccinated persons will not develop any symp-
toms of disease. Under these circumstances, IPV recipients will
contribute to the (continuous} circulation of policvirus, This poses
a special risk to the religious communities with low vaccine cov-
erage that presently exist in The Netherlands. Epidemics of polio-
myelitis occurted within these groups in 1978 and 1992, despite
the high national vaccine coverage (19-22). During the advancing
stages of poliomyelitis eradication, accompanied by a decrease in
the ingidence of the mucosal infection of IPV recipients by live
poliovirus, this effect is likely to be even more pronounced, re-
suiting in the waning of presently existing mucosal immunity in
the general population.

Parentera! [PV vaccination induced a strong and rapid IgA re-
sponse in previously OPV-vaccinated persons both at mucosai
sites and in the circulation. However, the presence or sbsence of
Abs in stool extracts might not be truly representative due to

IO TOURELGET sy i JI0LG paprOOaO(

i®

prompt digestion of intestinal irimunoglobuling by the erzymes o

Polio-specific IgM in plasma present in the stool samples {23). Simiiar memory IgA responses S
Low positive TeM responses only were detected in recinients in both it the circulation aftet IPV vaccination were detected in-a group of  §
LOW posiiive Igli responses onty we n reclp o notvaccinated but naturally exposed persons (110, Induction of &
study groups at 7 and 28 days after booster vaccination, In the 1PV- : et L
inated 12 and 4 of 11 had an TeM ¢ A memoary S-1gA responses by parenterally administered inactivited >
vacoinaled group, 2, <, and 4 o ac an Jgh response to serotype vaccines has also been described for influenza virus (24, 25, 3.
1,2, and 3, respectively. In the OPV recipients, 3, 5, and 5 persons of X . ‘ . =
10 had an [aM S 12 and 3 tivelv. N Pseudomonas aeruginosa, and meningococei (26, 27). In these =
. .; ar: dgﬂ' r:sponse rorderUttygel ,I 1\’4“ ’ FBSPZC::)B v tho cases, natural infection with the agents is very commaon, and the '&i
signilicant dilierences were cetected In 1M responses between he authors postulated that the memory IgA response most likely re- =

OPV recipients and IPV recipients (data not shown).

Discussion

Although low levels of mucosal immunity have been found after
[PV vaceination in previous studies, these responses have been fess
effective in reducing viral shedding after a challenge with OPVY
than those observed after OPY vaccination (4-10). This study was
conducted to determine mucosal immuné responses following TPV
vaccination in a country with almost no circulating poliovitus, Un-
det these circurnstances, it is clear that IPV vaccination alone is not
sufficient to induce mucosal IgA. From this and previous work, we
conclude that the previousty reported mucosal responses after [PV
vaccination are more likely to be the effect of previous mucosal
priming with live viruses than of 1PV vaccination alone, It remains
to be determined whether or not IV vaccinees, in the total absence
of a mucosal IgA response, are partially protected in challenge
experiments. Reduced virus shedding in IPV recipients after chal-
lenge with OPV has been previously reported, but again, it was
unclear in these experiments whether poliovirus ithmunity was
solely induced by IPV vaccination as opposed to a mixed immus
nization of [PV combined with mucosal infection (2, §~9),

sulted from previous mucosal infection with the wild-type virus or
bacteria, based on the dogma thal mucosal Ag presentation is re-
quired for an effective mucosal jmmune response.

The mechanistn by which inactivated parenteral vaccination can
restimulate the mucosal IgA responses is unknown, The memory
IgA-producing cells detected in our experiments most likely have
originally been primed at mucosal sites. 1PV is applied i, there-
forg, the peripheral lymph nodes are theoretically the first Iym.
phoid location for Ag presentation te memory cells {28). Expros-
sion of L-selectin (indicating homing to peripheral lymph nodes)
on poliovirus-specific 1gG- and IgA-producing cells was demon-
strated i this study. The memory lymphocytes will proliferate
after restimulation and leave the peripheral lymph nodes. A lurge
proportion (73%) of the circulating poliovirus-specific [gA-pro-
ducing cells expressed the adB7 mucosal homing reeeptos, indi-
cating a preference for homing to the' mucosal surfaces, This way
underscored by the induction of poliovirus-specific IgA in saliva,
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signais agting on both circulating and local cells (15), The final
combination of homing receptors on the celis’ surface is lkely to
sccoumt for the regional preference of the activated cells. The pres-
ence of memory cells that express beth the L-selectin and a4p7
homing receplors are an ideal immune surveillance mechanism to
goiirul infections both at the systemic and mucosal level.

The paliovirus-specific subelass response of IgA and IgG was
Jetermined 1o tnvestigate whether there was a qualitative and
guantitative difference in the humoral immune response after [PV
bupster vaccinption in previously IFY- and OPV-vaceinated per-
sons. Pollpvirus-specific [gAZ in the circutation wes clearly
present in the OPV recipients, and might be derived from lym-
proCYLes that were ariginglly primed at mucosal sites, Presence of
poliovirus-gpeeific 1gA2 in the piasma might serve as p systemic
macker [or musosal memory rather than the presence of total po-

liovirus-specific 1gA, since an [gAl response, albeit small, was
also seen in some of the [PV reciplents,

We detected an 1gG1 and 1gG3 subclass response before and
after [PV booster vacgination in both the OPV and [PV recipients
{Fig. 6), Similar resuits were reported in poliomyelitis patients and
for other enteroviral Ags (29, 30), However, in this study, the IgG3
response in the OPV recipients was significantly lower than in IPY
recipients, These results might indicate 4 difference in preference
for an IgGl switch over ap [gG3 swilgh after mucosal priming
with OPV compared with systermic vaccination with 1PV, No clear
Ig04 reaponse was observed, and only & few individuals responded
with 15G2 poliovirus-specific Abs, Mechanisms far the observed
differences remain to be investigated,

Not much is known about the induction and presence of cireu-
lating 8-1gA, Immunoassays indicate that 8-1gA can be defected at
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relatively low levels (+/—10 pg/ml) in serum (31, 32). In the
present study, we detected poliovirus-specific S-IgA after booster
vaccination with 1PV in previously OPV.vaccinated recipients.
The response was at low levels and decreased rapidly. The bio-
logical relevance of this finding is speculative and remains to be
investigated. We speculate that it represents an ovetload of the
secretory system.

Very little is known about the effects of a combination schedule
of IPV and OPV vaceination on systemic and mucosal immunity,
A combination of both vaccines is able to overcome some of the
disedvantages that can octur when each vaceine is used separately
{such as vaceine-associated cases) and is able, at the same time, to
uschieve both the high serum Ab levels provided by enhanced [PV
and the intestinal protection provided by enhanced OPV. Recent
studies in the United States have employed a combination of eIPV
and OPV that effectively induced high neutralization titers, as well
s mucosal immunity (33).

Vaccination with OPV is a soutce of live virus introduction into
the envirotient, and must, therefore, cease completely in the fu-
ture, This work has dermonstrated that after initial vaccination with
OPY, [PV booster vaccinations are able to maintain the mucosal
IgA response at high levels for years thereafter, These findings
indicate that a combination schedule of OPV and 1PV vaccination
could serve as a powerful tool in the final stages of the eradication
program,
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SECTION TWQ; Licensed vagcings

Poliovirus vaccine—inactivated

e:ical " nzreductlon

Moe sinee the intoduction of rabies vaccine by Louis Pasteur
wag public ingerest in vaceines scirred as much as by the devel-
upraent skl testing of inactivated poliovirug vaceine ([PY), and
pog sinue Binstein did a sciendst receive the public adulation
secueded 1o Jonay Salk, che vaccing's inventor, Coneributing to
s phienomenun were the gise of paliomyelitis as an epidemic
discase, its notoricty wich che public [augmented by the paraly-
sis suffered by US President Franklin Roosevelt), the publicity
diffused by the March of Dimes Foundation in its efforts to raise
money for research, and the involvement of hundreds of thou-
sgnds of US children in che [igld trial that demonscrated the
efficacy of IPV.

The c[fiwcy triat was organized by Dr. Thomas Francis and
sponsored by the National Foundation for Infantile Paralysis,
Ir wag a hallmark in vaceinology and the prototype for many
fater eificacy trials.i! Francis insisted on a double-blind pro-
weal, with partial suecess. Of 217 study areas in 44 states,
yi followed a placebo-conuolled design, bue they involved
419,000 vaceinees and 330,006 placebo recipients. Unblinded
ubwwatiuna were also made on more than 1 million children,

42 000 of whom were vageinaced, The trial began in April
l‘m A, and vhe successhul results were ennounced on Apri] 12,
1955.° Licensure lollowed rapidly, with rapid and broad vaccine
aduyiion,

MNevercheless, in the carly 1960s, IPY was eclipsed by oral
poliavirus vageing (QFV), except in some northern Eurgpean
councries. More than 50years after jts initial development
iV 1s zenascent, owing to improvement in its manufacture,
its outstanding safety record, the accelerating disappearance of
poliomyelitis as an epicemic disease, and recognition of both
sporadic vaceine-associated paralytic poliomyelitis {VAPP) cases
and epidemics of circulating vaccine-derived poliovirus causing
paralysis due to the continuing use of OPV, A large number of
countries have adopted the use of I[PV and more are likely to
do =0 as the world moves taward the eradication of poliovirus.®

The disease itself is ancient, A famous Egyptian stele dating
from 1403 to 1365 n¢ shows 4 man with flaceid paralysis of a
ieg. However, presumably owing to almost universal infection
under the protecddon of maternal antibodies, only sporadie cases
were described until the 19th century. Barly in that century,
smell outbreaks were noted in Europe, usually among infants
living in rural areas, In 1870, Jean-Martin Charcot described
the patiwlogic lesions in the gray matter of the spinal cord, and
in 1890 Oscar Medin described a major outbreak in Sweden,
where epidemivs subsequently continued to occur. Epidernics
were teporeed in the United States a¢ the end of the century,

Emmanusl Vidor
Stanley A, Plotkin

and in 1916 thousands of children were paraiyzed during an
epidemic in the northeastern United States, Fartunately, in
1908 Kar! Landsteiner and Eric Popper isolated the virus of
peliomyelitis, and sclentific study of the agent began.’

The key discoveries that led to IPV development were os
follows:

1. Definition of the three serotypes of poliovirus by Bodian,
Burnet, and colleagues.?

2. Determination that poliovirys viremia precedes pacalysis.!

3. Confirmation that neutralizing antibodies protect against
disease, "

4, Demonstration by Enders and colleagues that the virus
could be grown in cell culeyre,

These discoveries permitted Salk, fresh frorn his success in
developing an inactivaied influenza vaccine and also experi-
enced in working with poliovirus, to start IPV development,
Large quantities of virus were grown in roller tubes from mon.
key testicular and kidney cells, and the kinetics of inactivation
by formalin were studied, Salk concluded that if aggregates of
virus were remaoved by filtration, poliovirus could be inactivated
at a constant first-order rate, permitting complete killing if the
process was of sulficient duration, Pools of trivalent vaccine
were prepared at Connaught Laboratories in Toronta for use in
a fleld tria] of efficacy, which was conducted by Francis and hig
associates in 1954, Although it did have some flaws,? the trial
decisively demonstrated that IPV was protective, and in 1955
IPV was licensed and launched in the United States.'* Very soon
after, other [PVa derived from the sarne concepts were launched
in different countries.'* The Cucter incident, described in the
following section, in which reciplents of IPV were paralyzed by
residual live virus in the vaccine, underlined the necessity of
removing viral aggregates to permit inactivation, but did not
stop the use of [PV,

Years later, major developments improved the quality of TPV,
The first, by van Wezel of Holland, was the development of
technigues to select the best sources of monkey kidney calls,
to grow the cells to high density on microbeads, and to con-
centrate the virus produced.'” The second development was the
adaptation of the Yerq continuous African green monkey kidney
ceil line to the production of poliovirus by Montagnon and col-
leagues at the Institut Mérieux (now Sanofl Pasteur| of Lyon,
France.'f The result of these improvements was the historically
named enhanced-potency IPY (referred to as eIPY), which Is the
subject of this chapter,

Licensure of IPV was the first result of the cell culture rev-
olution that permitted the development of many other vac.
cines, At the time of licensure, more than 20,000 cases of polio
were reported annually in the United States, and polio was o
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Figure 27-1 The antigenic siles of poliovirus are highlighted in white on
the structure of the virus (top ight), a pentamer consisting of tive copies
of sach of the capsid subunits {top left), and the individual major capsid
proteing VP1, VP2, and VP3 (bottom left 1o right). VP, blug; VP2, vellow,
and VP3, red. (Courlesy of James Hogle and Arthur Oison.)

worldwide disease with an incidence in the tropics that was
a5 high as that in the developed world, but it was unrecog-
nized due to the concentration of cases in infants younger than
2-years-old .8 o
The desctiption of poliomyelitis as a disease, in addition te
its virology, pathogenesis, and epidemiology, is ¢overed in the
Chapter 28, However, it is important to mention that the polio-
viruses are made of four capsid proteins, numbered VP1 w 4

{Figure 27.1), The first three are arranged on the surface with

itosahedral symmetry, whereas VP4 is an Internal protein.!?
There are five epitopes present on Y71 to 3 that are important
to neutralization: sites 1, 24, 2b, 3, and 4. These vary between
serotypes and between strains,

Passive immunization’ -

A feld trial using human y-globulin verified the importance
of viremia in the pathogenesis of the disease and proved the
toncept that antlbodies were protective, This experience, con-
ducted in 1952 by Hammon and colleagues,’® involved more
than 54,000 children, half of whom received ¥-globulin and half
of whomn received gelatin, From the second to the eighth week

after injection, patalytic poliomyelitis was reduced by 80%.

Unfortunately, despite the Jarge y-globulin dose used in subjects
(0.3 mL/kg), the pratection proved temporary [§weeks), render-
ing y-globulin impractical as a public heaith strategy except in
household contacts,

Maternally produced antibodies ansmitted via the pla-
centa are also protective, but their half-life is only 28 days, By
6months of age few unvaccinated infants remain protceted,

Prior approaches to inactivated poliovirus vaccines

Before the work of Salk, two disastrous attempts were made
in the 1930s to inactivate polioviruses obtained from mon-

key spinal cords for the purposes of vaccination. Formalin was -

used by Brodie and Park? whereas Kolmer!® used ricinoleate.
Both failed because of inadeguate inactivation and probably
also inadequate immunogenicity. The occurrence of polio cases
likely caused by the vaccines terminated theit development and
instilled a sense of caution.

Description of inactivated poliovirus vaccine

TPV i3 a mixture of the three polioviruses made by hatvesting
cell culture supernatants and submitdng them to purification
and inactivation by formalin {one of the histotical 1PV, devel-
aped by Lepine® at the Pasteur Institute in Paris, was inactivated
by formalin and B-propioponolactone). The first versions of 1PV

were produced from primary rhesus monkey kidney cell cul-

tures, with all of the problems of finding healthy monkeys and
of excluding simian viruses that might be latent or replicating
actively in cultured cells. The poliovirus strains used by Saik and
still used by most current manufacturers are Mahoney ltype 1,
Brunenders strain {attenuated) is still used by one manufac.
turer in Denmark with no available information on antigenic
and immanogenlcity differences versus the Mahoney steain, see
PV manufactured fromy Sabin steaing”), MEF-1 [type 2), snd
Saukett [type 8}, The final vaccine mixture is adjusted to achieve
the right concentration of antigens {see the following section).
Although the resuits of the historical Prancis trial were posi-
tive {see "Efficacy of IPV and cotrelates of protection”), the Cutter
incident {see “Adverse events”) led o a change in manufactuting
processes that lowered the immunogenicity of the early vaccine ™
The resuzgence of paralytic pollo i vaccinated children during
the late 19508 weakened confidence in IPV? However, several
technical advances during the 1970s permitted the developmens
of the eIPY, which, althaugh based on principles similar to those
of the first-gerieration vaceine, differs tn three Imporant aspecen!

1, The cell substrate on which the virulent virus seeds are
inoculated includes secondary or tertiary subcultures of
kidney cells from pathogen-free monkeys, contitious
culture of human diploid cell strains, or continuous euloare
of the Vero African green nsonkey kidney cell lne, tather
than pritnary cultures from newly captured monkeys.

2. To increase density, cells are grown on, microbeads in lasge
bioreactors.

3. The virus harvest is concentrated before inactivation to
increase the final antigen content,

The production of eIPV in Veto cells is outlined in
Figure 27-2.29 The substrate cells are expanded from a worle
Ing cell bank adapted to grow on microbeads {Figure 27-3) in
large bioreactors until high cell density is reached {Fighre 27-4),
Growth medium is then removed, the cells are washed, and one
of the three types of poliovirus is inoculated. By 72 to 96 hours
of incubation at 37°C, the cells have been lysed by viral replica-
tion, and the supernatants arc collected. Alter clartfication, the
virug is concentrated 500-fold by witrafilttation. ‘T remaove cellu-
lar proteins and DNA, the concentrated virus is passed through
size exclusion and lon exchange chromatography to vield puri-
fied material, At this point, there Is less than 10 pg of DINA per
human dose, a level considered to pose ro hazard to recipionts.™

The concentrated purified virus is inactivated by the addi-
tion of formalin to 2 final concentration of 1:4000, folinwed
by incubation at 37°C for 12days. By 4 days viral inactivation
should be almost complete, as confirmed by sampling for resid-
ual live virus, During inactivation of the virus, it is impartant to
avold viral clumping and to maintain a neutral pH. An extra fil-
tration i included during inactivation to remove viral clumps. ¥

Recently, polioviruses have been produced in Vers cells
grown in serum-free medium,? The final monovalent mate-
rial is subjected to tests for residual infectivity, which of conrse
must be negative. “Uhe three monovalent antigenic materials
are then mixed to form trivalent bulk antigen generally stored
in concentrated form, Contents of the threc vaccine types are
adjusted by determination of the poliovirus D antigen (which is
expressed anly by intact poliovirus particles] historically using
xyme-linked immunosorhent
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Figure £7-2 Production of enhanced-patengy Inaclivated poliovirus
vacging, ¥, sampling of an equivalent of al least 1,500 hurnan doses for
control of effeclive inaclivation

Figure 273 Kidngy cells from African graen monkeys (Vero ¢sils) grown
on MICracarner Deads, (Courlasy of Or. B, Montagnon, Inslitt Mérieux, Lyon,)

andd 32 ¢f type 3 poliovirases, respectively, The D-antigen con-
wents of the wriginal [PVs were variable, but all were below this
current formula,

Tigtermination and standardization of the D-antigen content
is 4 key issue b1 making potent IPV. An international reference
vaceing has been characterized by the World Health Organization
SWHO) after o study showed test variability between labarato-
rigs ¥ Suggesuons have been made [or the improvement of

vrs in the pedormance of this assay include: [1) the
¢ {polys or mcooclonal and their specificitylies]) of the

v

Bt :
2

Figure 27-4 Bloreaclors of 1,600-1. capacly in whigh cells arg grown
for virus cultivalion, (Coyriasy of Sanall Pastewr, Lyon.)

antibodias used for antigen capture, (2) the nature {poly- or
monoclonal and their gpecificity]ies]) of the antibodics used for
antigen detection, |3 the method of caleulation of results (sig-
moid curve, parallel line, or four parameter curve methods), and
(4] the nature of the reference antigen used in the assay, In addi-
tion, as some reagents may detect the presence of polio C antl-
gene {associated with noninfectious viruses| and, consequently,
provide 2 false evaluation of the D-antigen content of the vac-
cine, this can result in formulation and release of subpotent
vaccines, Thus, the measured D-antigen content is the result
of the combined activity of multiple antigenic sites, conceivably
present in varving proportions in the tested preparations. Not
all IPY manufacturers nuse the same set of reagents and method-
ologles to asscss the D-antigen content of their routinely manu-
factured preparations, which makes it difficult for comparisons,
With the development of Sabin [PV the situation js further
complicated (see the following sections).* Mareover, prediction
of immunogenicity from antigen content has been uncertain *
The immunogenicity {in vivo potency) of 1PV preparations is
measured by immune responses obtained in maonkeys, rats,
guinea pigs, mice, or chickens. The rat model is still used in
some countries {or release purposes, and different release speci-
fications are described in various pharmacopelas, The variabil-
ity of the methods of measuring neutralizing antibodies in these
assays may also complicate the comparison of potencies of dif-
ferent IPVs, Finally, the relationship between immunogenicity
phserved in animal models [in vivo potencles measurements)
angd in humans might not be straightforward,

All of these parameters are orrelates of the clinical protec.
tive effect anticipated in humans vaccinated with IPV. To more
closely approximate that effect, mice transgenie for the CD-155
poliovirus receptor*® have heen employed to determine relative
immunogenicity before clinical trials. ¥

IFV manufactured from Sabin strains

The methods described carlier have become even mare impor-
tant in view of the WHOQO's efforts to promote the emergence
of new 1PV mannfacturers relying on the use of attenuated
straing for fear of inadvertent release of wild viruges from facili-
ties {see “Rationale for the Use of IPV").* This push has led
to the emergence of several inltiatives, some of them benefit-
ing from the experience of technology transfer Several stud-
ies have evaluated the biochemical differences between Sabin
strain-derived and Salk strain-derived IPVs, and particularly
the effect of formaldehyde inactivation an the antigenic struc-
tures-of potloviruses.* Using reactivity to monoclonal antibod-
jes profiled by enzyme immunoassay (ELA}, it has been shown
that inactivation with formaldehyde destroys some antigenio
gites of the polioviruses,**4" Depending on the characterigtics
jzeagents) of the D-antigen assay to measure the potency of

578
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resulting inactivated viruses, such alterations might not nee-
essarily be measured.* " Due to their genomic differences, the
epltopes presented by the Sabin straing are different from the
epitopes presented by the Salk strains; therefore, they have 2
different sensitivity to formalin inactivation, A study* docu-
mented that the antigenic site 1 of the Sabin poliovirus 1 can be
damaged by formalin, whereas the same ancigenic site present
at the surface of the wild-type Mahoney poliovirus 1 strain is
not. One consequence of this difference in antigenicity in terms
of immunogenicity is that the repertoire of antibodies induced
in humans by Salk 1PV or OPV are different %50

Historically, the first attermpts to validate the concept in
rnan were made at the Japanese Poliomyelitis Research Institute
{TPRI) during the mid-19805%5 and at the Lederle Laboratories
it the United States®® foillowed by the Rijksinstituut voor
Volksgezandheld en Milieu {RIVM) in the Netherlands, which
is still particularly active in the development of Sabin strain-
detived IPVe.® More recently, a group from the Institute
of Medical Biology, Chinese Academy of Medical sciences
(Kunming Instituce) has embarked on such development.s®s
Other poliovirus vaccine manufacturers claim to be engaged
in the development of Sabin strain~derived IPVs, but no con-
crete information is publicly available. Since 2011, the WHO-
promoted approach foliowed by RIVM has embarked on a
stepwise phase I clinical program in the Buropean Union (U}
This step should be followed by further developments from
RIVM partners through technology transfer projects following
the WHO-awarded Request For Proposals. ‘The requirements
and challenges in the clinical development of this novel IPV
have been recently reviewead, 586

Studies done using transgenic mice have shown that whereas
animmunogenic TPV ¢an be made from Sabin strains, differences
in neutralizing epitopes result in antibody specificities that are
less broad than those produced by wild strains.?'&5 The impor-
tance of this difference was illustrated by 4 study done at the
US Food and Drug Administration [FDA) using the transgenic
pollovirus receptor mice model to evaluate a Sabin type 2 IPY
prepated by the JPRE" I this study, 4 type 2 IPV prepared from
MEF:1 gtraln (Salk steain] elicited broader immutte tesponses
(heterotypic) atid beteer protection sgainst paralysis after viru-
lent challenge than an 1PV prepared from Sabin polic type 2
strain, Similar findings were observed previousty with a Sahin
strain-derived type 3 TPV but not for Sabin strain-derived type
1 [PVl These findings raise the issue of the antigenic match
between the inactivated Salle strains and the inactivated Sabin
straing and of its potential consequence in terms of clinical pro-
tection against wild-type poliovirus strains that can be induced
in humans by Sabin IPV versus Salk [PV, Therefore, the crite-
tia on which national regulatory agencies will base their future
reviews for licensing such vaccines are not yet fully clear.

Procfucers

Table 27-1 lists the current manufacturers of IPY drug sub-
stance (bulle antigen} that are principally based in Europe. The
majority of the IPV antigens currently manufactured are from
viruses grown on the Vero cell line, The only other cell substrate

Tabla 27-1 Manufacturers of IPV (bulk antigen)

. Manufacturer... " Where made: .- ;
Sanofi Pasteur France, Canada Vero, MAC-5
GlaxoSmithling Belgium Vera
Novartis ltaly T Veroh
NV| The Netherlands Vere
Stetens Serum Institut Denmatk Vero

in use for IPV production is a human diploid cell line {MRC-5).
Because all IPV now in use is eIPY, hereafter the designation
IPV will be used to refer to eIPV vaccines, Current (2010) global
production capacity for bulk antigen is at more than 100 mil-
lion doses of final product equivalent per year. Considering that
the cutrently existing facilities can produce 400 to 450 million
doses per year after fuil scale-up of facilities utilization, large
demand can be satisfied, 8558

Dosage and route

Salk established that the immune response to 1PV is directly
related to the dose of viral antigen (Table 27-21.8" When 1PV is
used for primary vaceination of infants, the ideal schedule is two
to three doses administered during the first 6months of life, fol-
lowed by a first booster given during the second year of life and
another booster before school entry. The formulation of ail ene
rent IPVs proceeds from a series of several dose-response clinical
studiest™7 performed in infants from 1977 to 1979, whicl were
aimed at determining the optimal D-antigen content necessary
for providing reliable protection after two doses of the 1PV and-
gens combined with other vaccine antigens (D), T, and whole
cell pertussis {wP), which wete already routinely administercd
in infants at that age). This strategy was implemented by jonas
Salk and Charles Mérieux with the objective of developing a0
1PV formulation that was useful in Africa and that requited cwo
doses with a relatively long interval becween thems that could
overcome the negative effect of circulating maternally transmic
ted poliovirus antibodies on the imraune resporises.
This work was made possible by the pionesring wotk dane
at the RIVM [the ancestor structure of the Netherlands Vascine
Institute; NVI} by van Wezel on large-scale culture of cells on
nierobeads. These studies led to the current 1PV formula with
40-8-32 13-Ag units for poliovirus type 1, 2, and 3, respectively.
‘Two doses are sufficient as priming for a first bovster in the
second year. When [PV is included in DTPbackboned combi:
nation vaccines, up to three doses cin he given during the Hes
year of life. In any case, the first two doses should be followed
by a third dose at least 6 months later [acting 16 4 boosier] i
genérate persistenic immunity.”! It should be noted that sarme
of the historical saidies have docurmented the capacity of 1TV
to induee antibody levels even after the fitst dose®™ confirmed
also by a one-dose clinical efficacy of 36% (95% canfidence lim-
its, 0% to 67%) measured in Senegal®-19 {see “Efficacy of [PV
and correlates of protection”),
In the United States, infants immunized with 1PV receive
doses at ages 2manths, 4months, 6 to 18 months, and at pre-
school age (4-6years), In most Buropean countries the first three
doses are given earlier at 2, 3 and 4 or 2, 4 and 6 months of ags,
whereas in Scandinavia and Italy the schedule is spread out,
with only two doses before Lyear of age. The different pediatric
routine primaty series schedules used in various countrigs are
shown in Table 27-3. The subject of additional boosters after
the preschool age is discussed later {see “Duration of iminus
nity”], In some countries, along with routine pediatric IFY-nnly
schedules, supplemental immunization activities (SIAsi with
OPY are organized (see “Results of vaccination prograrma’},
Ideal dosage for 1PV in truly unvaccinated adolescents and
adults is three doses. The first two doses can be given 1 or pref-
erably 2 mosths apart, with the third dose given 6 wo J 2Zmonths
later. If there is urgency, the third dase cain be given carics, hut
the achieved antibody titers will not be as high {(Sanofi Pastear,
unpublished data),
Adolescents or adults who are already primed and whose Tast
polio vaceination occurred ten to bwenty vears agn tecd only
one booster dose to redevelop high titers [Sanofi Pasteur, unpuh-
lished data).” In subjects with an unknown polio vaccination
two doses of any kind of IPV.containing combination vaccloes
givert 1month apart are syffitient to induce vety high seropro-
tection rates and lasting clrculating alﬁg\djes,"'”
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From Satk J, Salk ), Vactination against poliormyelills. In: Voller A, Friedman H, eds, New Trends and Developments in Vagcines, Lancashirg, UK: MTP Press;

117-154, 1878, W‘im_pemwiss‘»on,

Table 27-3 Schadules of IPY Administration for Primary Immunization in infant/Toddlers/Children in Couniries Recommending

E-anty schedulas'
Schedulel " = Count
2+1+1 2, 4, and 18months, 4-6 years® United States

3,5, and 11-12months, 5-6years Sweden, Slovakia, ltaly, Norwey, Denmark, Finland
3, 5, and 12months, 14years Iceland
2, 4, and 8-18months, 4-6years Greece
2, 4, 6, and 18months Spaln
2,3, 5, and 18months Malaysia

‘ 3 F 041 ~ 2,4,and Bmonths, 4years Austrafia, Irstand, Portugal, Korea
2, 3, and 4months, 4-6years Unlied Kingdom
2, 4, and 8months, 4-6 years* United States _

P " 2,4,6,and 18months, 4-6years Switzarland, Austria, Canada, Croatla, Israsl, Romania
2, 3, 4, and 11-18months, 5-7 years Hungary, Belgium, Frange, Luxerbourg
2,3, 4, and 11-14months, 9years Germany
3, 4, 5, and 18months, 10years Czech Republic
3, 4, b, and 12months, 4years Netheriand
3, 4.5, 8, and 18-24months, 8-7years Estonia, Lahva, Lithuania

“Trie cuifanl 1acommandalions call fora 2 + 1+ 107 83 + G + 1 scheduis as ihe third dose Gan be given any lime batween & and 18/monihs ol age.

A, A May 2012, see hnp/fapps wha, mLﬂmﬂ‘-unuzaucn _moniloring/envglobalsummary/SehaduleSelect.eim

1PV may be given subcutapeously or intramuscularly, and
these s no published information on the relative immunogenic-
ity of 1PV administered intramuscularly versus subcutaucously
dhnough ramdomized controlled trials) howgver, as it s adminis-
--,.rd aore and more frequently as [IPV-contaiping multivaient

Upased vaceings {including possibly alse Hib and hepatitis
wi, andd with the objective o minimize local adverse
: Vi uow almost exclusively administered intramus-
ulariy v when used as a stand-along vaecing,

i um_

Avaiiable vacomes

U s avaiduble as o stand-along vaceine and as \etravalent, pen-
pmyaleni, angd hexpvaient combination vageings with diphtheria,
as, acellular pertussis, hepatidis B, or Hib antlgens, In che
Seawes, 1PV s available as a stand-alonc vaccing and gz
it aid twa pentavalent combinations with diphtheria,
aeeliviar pertussis, Hib, ar hepatitis B antigens, In the
cest of the wodd, [PV is available as a stand-alone vaceine and as
wirgvalent, pentavalent, gr hexavalent combinations with diph-
therks, winug, acelluiar pertussis, Hib, and hepatitis B antigens

with variable situations across countries depending on licensure
status of these products, Inn some countries stand-alone [PV vac-
cines formulated, filled, and packaged by local manufaciurers
and using IPY bulk antigens imported from another manufac-
turer are licensed and used, Most of the [PV stand-alone vaceines
are WHO prequalified, and are starting to be used in & number
of UNICEF-driven vaccinadon programs. The most widely used
IPV-containing combinations are produced by Sanofi Pastenr
and GlaxoSmithKling, For a more compreheusive review of the
available IPV-¢containing combination vaceines, see Chapter 40,
Several whole-cell pertussis [PV-containing combinations were
available, bu¢ there are none now. Some manufacturers have
embarked on the (reldevelopment of wheole-cell pertussis-based
combination vaccines including IPY antigens.

Vaccine canstituents other than immunizing
antigens

Regarding the vaccines produced in Vero cells, streptomycin,
neamyein, and polymyxin B are used during the manufactur
ing process to control bagterial contamination, but they arwe
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largely eliminated during purification. The use of polymyxin
B has been shown to have some effect on the quality of the
viral replication, which can be achieved in the process.” Trace
amounts of these antibiotics {£200ng of streptomycin, <5ng
of neomyein, and S25ng of polymyxin B) may still be pres-
ent. Preservation of the final product is conferred by residual
formalin (0.02%) and 2-phenoxyethanol (0.5%). Thimerosal
cannot be used to preserve polio-containing vaccines because
it destroys the polio antigens.® The MRC-5.produced vaccine
containg trace atnounts of streptomyein and neomycin as well
a8 formalin (37 ppm), 2-phenoxyethanol [0.5%), human albu-
min (0.5%), and Tween 80 {20ppm}, When used as part of
multivalent combination vaccines, the quality of the IPV bulk
antigens and of their other constituents are of extreme impor.
tance in the behavior, potenicy, and stability of the formuiated
final drug product.

The role of adjuvant on the immunogenicity of IPV antigen
has been known since the pioneering work done with mineral

oil and oxide alumninum salts,”’ Later, through several IPV--

coritatning wP-based combinations, the positive role of caleium
aluminum salts has been advocated.” Since then, it has been
conifiermed through severat randamized controlled studles that
the immutogenicity of the I[PV antigens {3 improved when the
antigena are injected In the presence of aluminum salts, 116120
In tecent years, through the strong pressure of WHO [see
“Rationale for the use of IPY"}, new adjuvants are being consid-
ered for IPV, Preclinical studies with conventional IPV or with
Sabin-IPV have shown that some new adjuvants (squalene-
based emulsions supplemented or not with TLR-agonists; poly-
mezs) may decrease the amount of antigen needed to achieve
desired immunogeniclity with the potential of lowering costs pet
dosg, and some adjuvants may enhance the mucosal immune
response to [PV30-82

Stability

IFV is relatively heat stable, The vaceine {8 stable for 4years
at 4°C and for 1month at 25°C, At 37°C, thete is loss of
potency of the type 1 component after 1 to 2 days, and of types
2 and 3 after Jweeks, Freezing diminishes the potency of IPV
and should be avoided. All manufacturing intermediates are
also rejatively heat stable, allowing flexibility in managing
manufacture.

Results of vacgination

Immune responses

Although it is possible to measure serurn antibodies to poliovi-
rus by a variety of methods, poliovirus-neutralizing antibodies
ate consideted the best correlate of protection®* and are the only
tesponses considered here,

1PV is u killed antigen vaccine, and immune responses
depend on the concentration of antigens, the number of doses
fwhert tsed fot primary immunlzation), the interval between
doges, the age at first dose (and, consequently, the level of
maternally acquired poliovirus antibodies present at time of
vaccination that can suppress the immune response), and
finally the type of I[PV-containing product used (stand-alone
unadjuvanted versus aluminum-adjuvanted [PV-containing
combinations), Several parameters are used to express the lev-
els of seroneutralizing antibodies against polioviruses when
assessing the overall responses obtained in a group of vacci-
nated individuals: the geometric mean titers (GMTs| (some-
times median titers are used which can lead to different results
compared with GM'Ts); the percentage of subjects with neu-
tralizing antibodies above the 1:8 threshold now tonsidered
ag the serologic correlate of protection (Historically the 1:4
threshold has been used) and very often referred to as the seros
protection tatey and the percentages of subjects presenting with

¥y

a greater than or equal fourfold rise in their neutralizing St

body titers between their prevaccination titers and postvacei-
nation titers, adjusted or not for matecnally derived antibody
decay, and referred as to the seroconversion rate. If maternal
antibody decay is not factored in, calculated seroconversion
rates could be lower than the actual propottion of persons who
mzke a significant immune respouse, On the other hand, it
is known that maternal antibody does inhibit the immune

. tesponse to IPV.* The percentage of subjects with neutralizing

antibodies above the 1;8 threshold at a time when mateenally
transmitted antibodies should have disappeared probably gives
the best measure of the proportion of persons with protective
immune responses to IPV.

The neutralization antibody assay is used by the vast major-
ity of leboratories assessing the immunogenicity of these vac-
cines.® The assay procedures ate variable and have been shown
to be sensitive to the nature of the cells used to grow the target
virus {HEp-2 or Vero), viral inoculums’ size, the duration and
ternperature of serum-virus Interaction before celi culturg, the
number of serial dilutions of the tested $era, and the nature
of the viral strains (Sabin or wild-type) tsed in the tast. 947 Iy
addition, the type of assay readout {cytopathic effest or mets
abolie inhibitien) has an infivence, Numerous attermipts Rave
beent made to standardize this assay,** but there is no broad-
based acceptance of international standards for its use.® Under
sotme assay conditions neutralizing ticers are higher when sera
from subjects vaccinated with IPV manufactured from wilds
type strains are tested against wild-type strains than those
tested against Sabin straine.*®” lack of specific desctiption
of the serum panels used in standardization studies makes
evaluation difficult. Some studies refer to the use of the triva-
lent reference serum lot IIA4 from the FDA that was prepared
from vaccinated monkeys, whereas others refer to pools of sera
obtained from humans in the United Kingdom probably vac.
cinated with OPV or naturally infected, As described in "IPV
manufactured from Sabin strains”, 1t 1s conceivable that the
patatopes [antigen binding sites) of the neutralizing antibodies
exhibited by OPVavaccinated subjects of by [PV manufaceared
from Sabin strains might differ from the paratopes exhibited by
Salk-derived-IPV vaccinated subjects, and that the overall levels
of neutralizing antibodies measured in these subjects might be
influenced by the nature of the viral strains used in the deiec-
tion system. All of the landmarle historical studies, which led to
the current IPVs, 5 have based their neutralization assay non
wild-type—derived poliovirus strains. The absence of clear indi-
cation that this variable might be important and the progressive
logistical constraints imposed on the laboratories manipulating
the wild-type—derived strains, particularly for those iocated in
polio-[ree aress ot in tropical low or middie-income countries,
have induced most of the laboratories to switch to the use of
the Sabin straing for this assay. This parameter should be con-
sidered when interpreting and comparing immunogenicity data
from different clinical trials, particularly trials done with ;PVs
manufactured from Sabin strains,

An enormous mumber of studies and trials have been con-
ducted over the last 30years with IPV-containing vaccines
given in schedules of two or three doses during the first vear
of life. These studies used different formulations of PV, study
designs, and schedules and were conducted in a vasiety of coun-
tries with different ethno-ecological situations. A number of
reviews of these studies have been pubjished.®-#429 Fgr exam-
ple, data collected from 30 study groups where IPV- mtxtq'mmg
vaccines were administered to more than 4,500 subjects in 4
two-dose primary series, usually at 2 and 4 months of age, are
summarized in Table 27-4. At commpletion of the immuniza-
tion series, seroprotection rates ranged fmm 89% to 100% for
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Tablo 27-4 Summary of Immunogenicity of IPV Atter Two or Tves Doses in the First Year of Life Ona Month After Last Vaccination

L ypet _ Type. e

e T e - Approximate. .. -
Schedule . - Seropositives  GMT* . . Seropositives * GI Seropositives  GMT ...+ . groups.......no. sublects ., :
pmoning  BS100% 17055  92-100% 17708 70-100% 801200 % 4500
24and 94100% 4952629 98-100% 15186637 B7100% 12564332 10 2000
1818 months
2A4Bmorins  96-100% 1432458 96100% 78-2697  96-100% 1873010 48 6000
daSmonins  85100% 110-475  98-100% 02.044  86-100% go-1244 B 500
23-4monins  S3+100% 143-595  B9-100% 01561 95-100% 221.1493 18 2200

TTaT peometne mean aniibody ter,
1P, inacuvated polic vines,

inrec doses are clearly better than after two, partieularly when
tiw sciredule is 2-4-6 months, However, schedules of 3-4-5 and
2-i-dmonths also glve good responses, although lower than
afrer 2.4-8, particularly when responses are described using the

M7 parameter {the Expanded Programme on Iimmunization

P schedule will be discussed in the next section). After

nwn o three duses in the first 6 months of life, antibody levels
ial} nithough the vaccinees usually retain seroprotective titers
until the firsy booster is given during the second year of life
sud s thind or fourth jnjection gives a marked anamncs-
vonge. Five studies conducted in the Uniced States are
tedd 1 Table 27-5, Nearly all infants were already sero-
o ultes the secondd dose, alchough their antibody titers
WETE pens Leduw 100 {1/dil), Data on MRC-5 cells or in
ponsary inonkey kidney cell {PMECj-produced 1PV are pro-
vided in Table 27-4 and demonstrate similar immunogenicity
o preducts.

Colitalaemsediated imrnune responses and other components
of atluized immmunily have not been comprehenslvely studied
and imay not be ercical for protection.’>¥ Ethnicity background
fas never been observed to play a role in the immunogenicity
profie of [PV,

It sorne suadies, immune responses have been detected even
afiei e st dose of [PV.containing vaccinesf707al6018 qpnd
depending on study designs and on seroconversion criteria def-
mitiog, un 1o 90% seroprotection rates and above 50% sero-
convession rates have been observed, As summarized under
“Eificacy of 1PV and correlates of protection”, a one-dose sched-
ulc has been shown « provide limiced clinical efficacy [36%
with 95% condidence limits ranging from 0% w 67%] against
puliovirus type 1. Nevertheless, these data are important in
the context of current efforts by WHO toward development of
aiiurdsbie [PV sokutions for the developing world [seg “Rationale
for the use ol [PV}, The rale that could be played by sequential
schizduies ol [PV followed by OPV is discussed in the chaprer on
wal polio vaccines {See Chapter 28}

wl experience with Sabin-glerived IPVs

The first version of the |PRI Sabin strain-derived [PV {sIPV)
was Jopmuisted o contain 30-45-45 D-Ag units for poliovirus
wee 1, 2, and 3, respectively [formulation using monovalent
hulks drraced againse the WHQ reference 91/672 and using che
paralle! Hne method for ticer calculations) per 0.5mL, This for-
pidda was deternuned mainly from in vivo potency studies done
on tats with the objective of having a formulation able to induce
neuiralizing antibodies against wild-tyoe strains,

In comparison, wild-type—derived TPV-containing products
P TPV are now all {formulared to contain 40-8-32 D-Ag units
for poliovirgs types 1, 2, and 3, respectively, Strict comparison
of the relatve D-antigen contents between JPRI vaccine [and
all other s]PVs) and conventional 1PVs is not possible due to

Prest

pid

fur s

£

the different characteristics of the in vitro and in vivo potency
assays used to formulate and release these vaccines (D-Ag deter-
mination by EIA and immunogenicity in animals)3637~458
With regard to clinical experience, JPRI reported only two stud-
ies including 118 subjects.® [n the firse trial, the vaccing was
given in two subcutaneous doses to 10 scropositive adults at
d-week incervals, Safety was excellent, Antibody data ohtained
2weeks after the second dose [against Sabin straing and wild-
type strains) showed high neutralizing responses in all volun.
teers, In the second trial, the vaceing was given by the same
regimen to 108 infants {3-90-months-old). Most infants were
seronegative [SN tieer < 1,4} before immunization, except for
type 2 where 40% were seropositive, fnununogenicity results
2weeks after the second dose showed high neutralizing
response o all infants against types 1 and 3, but low for type 2,
Seroneutralizing GM'Ts against the homotypic Sabin strains
were about 2,000 for polio type 1, 300 for polic type 2, and 500
for polio type 3, 8N titers were 4 o 1,3-fold lower against wt
stralns than against the homotypic Sabin strains,

Later, JPRI worked on animal models {rat and green mon-
keys) to refine the D-Ag content of the sIPV (o target a 3-100-
100 D-Ag units per human dose formula, and is now embarked
on an antigen supply agreement or has licensed its technology
with severa] Japanese DTUP manufacturers (Biken, Kaketsuken,
and Takeda) who are developing DTaP-sIPY combinations for
Japan. Phase II and II trials are in progress but no resulis are
available from these DTaP-sIPV vaccines,

Murph et al* ag Lederle in the United States manufactured
a Sghin strain—derived trivalent [PV containing 20-12.5-35
of D-Ag units {per 0.5mL| of polioviruses type 1, 2, and 3
grown on PMKC, A study done in 1986 comprised 18 sern-
positive adults who received vaccine containing 10-6.25-17.5
of D-Ag units, 20-12,5-35 of D-Ag units, or 40-25-70 of D-Ag
units per dose and 9 seronegative adults who received one dose
of a 20-12.5-35 of D-Ag units formuladon, In the seropositive
adults, the three vaccine formulations were able 1o boost serum
neutralizing antibody ievels with & noticezble dose-respanse
cHect, In seronegative adults, a response against the three palio-
viruses was observed. The drawback of this study was that no
subject was najve to polio antigens as they all had previoualy
received OPV or 1PV during infancy, Infant studies with this
vaccine were never reported,

Finally, scientists at the Kunming Institute have performed
a multistep phase I study in adults, children, and infants with
several formulations of sIPVs ¢ontaining from 15-16-22.5 to
45-64-67.5 D-Ag units for poliovirus types 1, 2, and 3, respec-
tively, with good immunogenicity data and a dose-response
effect.® Pollowing this study, a dose-response and compara-
tive against OPV and conventional IPV study was done in
infants with very preliminary reported results.# Optimal con-
tent of D Ag units for this Chinese vaccine were defined for
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the Phase III as 30 for type 1, 32 for type 2 and 45 for type 3.
The dase-response effect was confirmed and some differences
were reported between the antigenicities of sIPV formulations
and conventional IPV (wild-type derived}. Cross-neutralization
evaluation of vacvinees’ sera against a large panel of poliovi-
rus strains {Salk, Sabin, wild-type isolates, and vaccine-derived
polioviruses [VDPV] isolates) are under investigation,

Although Sabin strains can mutate on cireulation and
acquire the phenotypic neurovirulence and transmissibility
characteristics of wild viruses, the public health risk of a break
in containment from a manufacturing plant using Sabin viruses
is much less than a break with wild strains in areas of low vac-
cination ¢overage, making Sabin straing potentially attractive
for use and expanding the base of 1PV manufacturets. The reg-
uatory pathway for licensure of Sabin strain~derived 1PVs is
far from clear Due to differences in the breadth of antibodies
induced between inactivated Salk strains and inactivated Sabin
atrains because of differences in the viruses,® it will be critical
to assure that antibody responge in humans is broadly cross-
teactive against wild-type strains, In addition, the Industrial
feasibility {latge capaciey of viral culture attaining the vield of
currently existing processes at an affordable cost of goods) of
such an gpproach still needs to be demonstraced,

Effect of maternal antibodies and of neonata!
vaccination

Many studies have documented that high fevels of maternally
transmitted poliovirus antibodies present during the course of
primary setiea diminish the height of the antlbody response o
an IPY primary series schedule and can decrease seroconversion
rates, 105 Thig is partlcularly evident when seroconversion rates
are used but less so if evaluating seroprotection. This effect can be
minimized by giving three doses of 1PV during the first year of life,

Neonatal vaccination with IPV has been evaluated on sev-
eral occasions. Swartz and colleagues® showed that a single
dose of IPV at birth primed infants for 4 uniform response to
a second dose given at dge 6months. lsraeli infants immu-
nized at birth with IPV concomitantly with hepatitis B vaccine
showed higher mean antibody levels for polic types 2 and 3 at 1
and 3 months of age than infants who received IPV at 2months
of age, but the difference disappeared at 7 months of age after
both groups had received one additional dose of IPV and two
doges of OPV,1!

Hovi et al'% showed priming for higher titers in Pakistani
Infants whose three OPV doses at 8, 12, and 14 weeks of age
were preceded by a birth dose of 1PV, Linder ot ai's® documented
the immunogenicity of [PV given at 2months of age with or
without a preceding 1PV given at 5 to 10days of age in prema-
ture Israell infants. In infants who received 1PV within the first
2weeks of life, 100%, 100%, and 97,9% presented neutralizing
antibodies at titets greater or equal to 1:8 against poliovirus
type 1, 2, and 3, respectively, 1 month after the dose given at
2 months of age versus 96%, 100%, and 71% of infants who had
niot received prior [PV,

Jaizt et al'® documented the immunogenicity of a pure IPV
schedule given at 0, 6, and 10weeks of age in Indian neonates
and was able to demonstrate better seroconversion (80% sero-
converced against all three poliovirus types] with this schedule
than with an BPI schedule using OPV {at 6, 10, and 14 weeks of
age] supplemented by [PV or OPV at birth {72% and 72% sero-
converted against all three poliovirus types, respectively).

Thus [PV at birth appears to prime the immune systern, but
this vaccination strategy has not been implemented in public
health practice, When IPY intimutization is started early in life
after birth {eg, 6weeks of age as in the BPI schedule) and in
the presenice of high levels of maternally transmitted poliovirus
antibodies, serocomversion rates decrease compared to vaccina:
tion of Infants with low levels of maternal antibodics.

Combination vaccines containing [PV

IPV has been combined with DTwP {first combination of such
nature was licensed in 1964 in France, but today these D'Twb.

[PV-containing combinations no longer exist), DTal hepatitis B, -

and Hib vaccines® 112 fsee alsp Chapter 40! and thase combi-
naiions are now used worldwide for primary series use in infants
and toddlers {Table 27-7), New DTwP-IPV backboned combina-
tions are currently in development {relj, One of the technical
challenges is the effect on antigen potencies of the residuaj {thi-
meresall, or pro-actively introduced (thimerosal, 2-phenaxy-
ethanol}, preservatives in the final formuation particularly i
mulltidnge presentations are targeted."® The combined vaccines
containing IPV induce itnmune responses against poliovirises
supetior to IPV stand-alone vaccines due to the effect of the
aluminum adjuvant present in such combinations,'='2 This
is particulatly visible after primary immunization of infanes in
which randomized control trials [RCTs) have consiseently shown
GMT approximately twofold higher with combined vaceines,

When considering-all of the factors, datz cleatly indicate that
the main dtivers of the imimunogenicity of the IPV antigens when
used for primary series vaccination are the following jin decteasing
importance): use of an 1PV-¢ontaining combination vaceine {the
role of the gquantity and of the quality of ahsmiznum saits Js still
pootly known), the number of primaty series injections, the age at
first dose, the interval between doses, and ethnosecological factors
{passively trahgmitted antibodies, etz.),

Ifi addition to the pediattic comibinations, several coti:
binations of 1PV with low-dose diphtherls, tetatus, and lows
dose acellular pertussiy antigens have aiso been developed and
licensed for preschool, adelescent, and adult {including elderly)
booster immtnization with good inumunogenicity tecords.'2=14

intracermal use of IPV

The fitst report of use of the intradermal route with the IPV ant-
gen came from Salk,'**!¥ These studies showed that the inta-
dermal injection of 0.1mL of aqueous formulation of TPV was
immunogenic in children and adults. Soon after the availability
of the first commercial IPVs in 1955, several countries obtained
good epidemiclogical results from vaceination programs with [PV
delivered intradermally (using the Mansoux technique) ¢ maxi-
mize the vse of the limited quantity availabie at that tizne, !4

Table 27-7 Licensed IPV-Containing Cgrpbinations
L Other valerices

- Manufacturer - In combination :

Sanofi Pasteur DTapP2
DTaPs CA, LA, AA
DTaP2/Hib EU, LA, AA
DTaP5/Hib US, CA, LA, AA
DT Eis
Tdaps US, CA, As, EU
Td EU, AA, LA

GlaxaSmithKline oT EU
0TaP3 CA, T, LA, AA
DTaP3/Hib EU, LA, A
DTaP3/HepB EU, AA US|
DTaP3-HepB/Hib EU, LA, AA, CA
Tdap3 EU, CA, LA, AA

Statens Serurn Inst. DTab1 EU
DTak1/Hib EU

-*AA. Asig and Alrida: CA, ada:.EU. Eutope; LA, Lalin méﬁc-é;
US, Unlled States,

_ 1Orly in France,
ek diphiberia, tetarus, and adsilular {8 vaceks; HapB, hepatitls B
vaccing; Hib, Haem phlly_g iﬂihtj rizagtyne baneing,

- l.,-l-‘\i-'\:/\‘_ﬁ.?/.
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Pollovirug vacing—inactivated &7

during the sarly 1990s by fohn's team in India wsing the
pvader 1Y These studies demonstrated that ene fifth of the
yaramusendar dose 8 Unmuonogenie in humans when delivered
intnaderinally with needles, but jone of these studies were ran-
dumized agunst [ull inramuscular doge, 5%

sore recently, WHO sponsored twa RCT studigs in Cuba
aad i Qrnan with wo differeng 1PV vaccings using two different
sehedules (6-10-14wecks and 2-4-8months),'#41% The vaccines
ware pdministered by the intradermal route with a DCN jer-
intector (Binjector 2000 from Bioject, customized for intrader
mal adminisizationt or by the intramuscular route with regular
sytinge ang needle, The primary study objectives were to show
gonderiasty {using s low stringent definition for noninferio:-
uf the responses in the lnoadermal groups versus the intra.
ar groups, The primary end point wag seroconversion
virus. Both studies demanstrated clinically relevant
spenicity but lower responses with the 6-10-14-week
s gy with 1o the 2-4-6-mionth schedule. {n the Oman
v, infants were challenged at 7 months of age with mop-
argleng wpe L OPY wod 7 days later shedding prevalence was
74 8% in the 10 group versug 63.1% o the IM group, A third
ROT done in the Philippines compared the two routes of admin.
istration using the classical Mantoux technique for the intrader
mal injection and with vaccines administered in a 6-10-14-week
gehedule, ' again demonstrating noninferjority of responses of
the intradernmal group versus the intramuscular group,

A study conducted in Indis {Moradabad district] reported
infuswor wionung responses with IPV administered by the intra-
derimal route by a similaz jer-injector {Pharmegjet] customized
[us inpadermal administeation, The study design included vac-
cinat:on of several groups of infants, aged 6 to 9month, who
Juats previcusly teceived multple monovalent OPV type | and
HOPY doses, randomized o receive one of two different [PV vac:

i delivered intrarmusculagly, an [PV vaccing administercd
ermolly fope fifth of the TM dose), or one of two different
enc PV type | vaceines, Due to the very high levels of
sation autibedies againse all chree polioviruses and to a
tikh fadure of the injection device to deliver the full
0.1 il voiwne of vaceine intradermally, the study failed to show
that a fractional dose of 1PV by the intradermal route was as
msnnegenic as full-dose TPV ingramuscularly, but did reveal an
wadisputable booster effect of the intradermal administration.'*!

Finally, 3 recent study from Cuba® gvaluated whether
a schedule of two fractional 0.1mL [PV doses administered
inivadermally (jer-injector; Pharmajet} provides comparable
seroconversion with a two-dose schedule of full ¢.5ml 1PV
dascs administered intramuscularly at 4 and 8months of age,
Seraconversion was assessed in each group after the first and
second dese of study vaceines, and the preportion of subjects
that responded with a priming immune response after the firs
dose of 1PV was determined. Results showed high seroconver-
sipn after the first dose of both fractional and full-dose 1PV, with
significantly lower median titer for intradermal arms, and prim-
ing evidence in more than 90% of the subjects who did not sero-
convert aftes first dose. The second IPV dose, delivered by either
routc closed che remaining seroconversion gaps and resulted in
Bigh antibody titers, altheugh the titers were higher in children
vaccinased by the intramuscular route,

Nelson et al*% recently reviewed studies of intradermal IPY
and suneiuded that the route was promising but still required
aptirnization of dose and of administration, However, a critical
faotor in making intradermal TPV use practical would be the
development and Yeensure of a simple delivery device, In addi-
uon, a clear and [easible leensing pachway is still not clear,
Pirst, the nature of the safety and of the immunogenicity data to
e submcied o Natonal Regulatory Agencies is not yet defined.
second, this Ycensure pathway implies partnership between a
gven vaccine manufactuwrer and o given device manufacturer

to asseynble a specific application file claiming for the wse of
given [PV with a given 1D device in a given ID regimen, The
WHO s supporting substantial research to develop affordable
and effective intradermal delivery devices,

IPV In the expanded program on immunization
scheduie

To achieve rapid immunization in developing countriss with
high endemicity, vaccines are given on a 6-10-14-week sched-
wle, which is not opsimal for immune response against a variety
of antigens due o the early age for starting immunization and
the short interval between doses,

Since the early studies sponsored by the WHO, 920414 geveral
studies have been done ih a wide range of epiderniological aet-
tings with IPV.containing vaceines, The results, which must be
interpreted considering the previously listed variables [including
the fact that many of these studies were conducted in countries
where QPY was the standard vaccine used and couid therefore
have exposed vaccinees ta OPV via contact with vacgines or
their contacts] are surnmarized in Thablg 27- 8,10 1033314-161 Ong
should note particulasly the predominantly high seroprotection
rates achieved at completion of {mumunization in addition to
the more variabje seroconversion rates probably due to the high
maternal antibady levels observed in some studies, #4444

In one study in South Africa, antibodies were measured at
17 months of age after three doses of [PV contained in a hexava-
lent combination vaccine given in infancy, and persistence ol
antibodies with good anammnestic response to a fourth dose were
noted."* In infznts who received DTaP-[PV-HepB-Hib at 6-10-
1dweeks of age, 100%, 99.5%, and 97.8% of them still had neu-
tralizing antibodies at titers greater than or equal to 1:8 againgt
poliovirus type 1, 2, and 3, respectively, at 17 months of age,
and a 40 to 56-fold increase in their GMT was cbserved from
prebooster to postbooster.

A direct comparative study of the 2-4-6-month schedule [the
standard schedule in the United States) and the EPI schedules
was performed in Puerto Rico, where OPV is no longer given, '
Seroconversion rates for types 1, 2, and 3, respectively, after three
doses an the US standard schedule were 100%, 100%, and 99%,
whereas after the EPI schedule they were 86%, 86%, and 97%,

Overall, the data clearly demonstrate that IPV js iImmuno-
genic in an EPI sehedule although the titers achieved and the
seroconversion rates may be lower compared with vaccination
of children at older ages. The immunogeniity of 1PV in an
EPI schedule appears ta be superior to the use of OPV in such
schedules in developing countries.

Immunogenicity of sequential schedules
with IPV and OPV

From 1997 to 1999 the United States relled on sequential
use of IPV and OPV vaccines, In which two doscs of IPY were
administered at 2 and 4 monchs of age, followed by two doses of
OPV administered at 6 to 18 months of age and again at schoal
entry.'* 15 Table 27-5 summarizes the excellent jmmunogenic-
ity obtained with this schedule.

Israel and Denmark have also used mixed schedules, with suc-
cessful induction of immune responses and protection. In laracl,
ewo schedules have baen used: IPV at 2, 4, 6, and 12months of
age with OPV administercd at 7 and 13manths of age or IV at
2, 4, and 12 months plus QPV at 4, 6, end 12 months. Porsistent
polio in the Gaza strip despite extensive use of OPY induced the
authorities to change to a mixed sequential and combined scheds
ule, which caused a prompt drop in wild strain isolations, '

A study in the United Kingdom showed the advantages of a
mixed schedule comprised of one dose of 1PV followed by two
doses of OPV in terms of immunogenigity, '

A particular use of mixed schedules was undertaleen in
Romania because of an unusually high rate of VAPP due to
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es Given at 6. 10, and 14 Weeks of Age

Table 27-8 GMT and Percentages of Sutjecls with Pofiovirus NA After IPY Vaccin

..... .

sl

Oman, 1990-1992101.92442

P4wooks; N = 161.169

Product usad DTwPIPV

aMT NA 447 571 251
% with NA2 1: 8 88% 92% B1%
Qambia, 1690-1991 ot ieatk B4weeks ; N=87-108

Product used DTwh-IPY

GMT NA 79 144 241
%withNA21:8 81% 82% 08%
Thattand, 1991-199210\16a 14 24weeks; N = 92.134
Preduct used DTwPIpY

amt NA 49 88 138
%wih NAZ 1: 8 £6% 83% b2%
Sauth Africa, 1908 “oweeks;N = 119 18weeks N = 119

Product used DTWRIPY/HIt -

) GMT 20.3 23,4 160 118 g3 166
% with NA2 1: 8 83.1% 73.0% 46,7% 99.2% £9.2% 89.2%
Philepines, 20001 Bwesks; N = 85 " iBweeksi N =86
Product used DTaP.IPY.Hib
GMT 845 384 13.5 863 758 801
% Wih NAZ 1: 8 81.5% 81,5% 76.9% 100%  100% 160%
Moldavia, 1698 T 18weeks N = 150

* Product used DTaR-IPV-HepB
GMT NA 535 154 731
% withNA2 1: 8 98.7%. . 98% B8,7%
Moldavia, 19681 1Bwoaks; N = 136-137
Product used DTwP-IPV/HID
amT NA 170 88 544
% with NA2 1: 8 , 0eg%  e7%  100%
"Cuba, 2001 Swooks: N = 52 ' 18wooks; N = 52
. Product used DTwP.IPV/Hib : , .
GMT _ 33 22 <8 304 304 858
% wihNA21:8 NA NA NA 04% e% 100%
South Alrica, 20011 Bweeks; N = 184.180 18waeks; N = 213-214
Product used DTaPJPV:HepB-Hib _
aMT 7.8 16 48 1226 661 1249
% withNA2 1: 4 51% 72% 30% 100% © 100% 100%
Philippines, 20031 6wasks; N = 181183 _ 18weeks; N = 102-194
Product used DTaP-IPV/Hib .
GMT 10 14 10 533 760 1968
% with NA2 1: 8 © 58% 8% /TW0%  100% 100%

65%

CAF 8

Maria Bernards Pelay
Farmacgition
Go - Dueciglfa Toenlca
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Takle 27-B GMY and Parcenisgug of Subjaats with Pallevirug NA After IPY Yaocinas Given at 6, 18, and 14 Weeks of Age-~aonty/

' Gountry;

“Types

St

date (reforoncs) Type: Voo Typea.

Philisgines, 2008® Bweeks; N = 191-193 1Bweaks; N = 192194

Produet used DTaRIPY/HIb

GMT 10 14 .10 533 789 1088

%withNAZ 11 8. 58% 85% 56% 100% . 100% 100%

Puerto Rico, 2003 {Bwesks; N =225 =

Produci used 1PV

GMT NA 222 147 724

HwithNAZ1:8 85.8% 882%  9BS%
* South A!ricé, 2005152 18weoks; N = 202208

Froduct used DTaRIPV/HIb

GMT NA 1453 1699 2395

% with NAZ 1; B 100% 100% 100%

Indlia, 20068 Bweeks; N =213 18weeks; N = 212-213

Product uged DTaPIPY/HIb '

GMT 18 20 10 440 458 1510

% with NAZ 1: 8 74.6% 74.2% 61.5% 100% o BeI% 100%
" Bowtn Afica, 2006 ' o o | 18waeks; N = 220

Produet used ' 7 DTaPPV-HepB-Hib

GMT NA 579 620 78

%with NAZ 16 - 100% 98.5% 100%

-D¥aF: d'iphlheria, totanus, and acelular panu'asls vaccine; GMT, geometrk:' mean antl'body iiter; He;ﬁa. habatitis Bvaccing; Hib, Haemaophilus influenzae typa b

vacelng, IPY, inactivated polio vaccine; NA, neuralizing antibodies

concurrent intramuscular injections.'®* For a time, infants in
one province of Romania received IPV at 2, 3, and 4months of
age together with OPV at 4 and 9months of age.'® The schedule
was well toleraced and highly immunogenic, No cases of polio
opgurred subsequently in chis region, but too few children were
Involved to draw conclusions about the prevention of VAPP

The previously mentioned WHO study'®™ '™ compared
four doses of QPV three doses of IPV, and a mixed sched-
wie consisting of four doses of OPY and three doses of IFV,
Seroconversion mates and GMTs were highest In the mixed
QPY/PY groups, In addition, when children of the three groups
were challenged with another dose of OPV, virus fecal exeretion
wag a8 low In the mixed vaccine group 4s in the OPV group,
confirming the presence of inteatinal Immunaity.

Anather mixed schedule was tested in the Ivory Coast, with the
abjective of correcting deficiencies in response to OPV in tropical
settings. ' A single dose of IPV or OPV was given after three doses
of OPY. Of those 9-month-old children who remained seronegative
after the third dose of QPV, 81%, 100%, and 67% seroconverted to
types 1, 3, and 3 polio, respectively, after the IPV booster. The cor-
responding percentages for an OPV booster were 14, 27, and 5.

Similagly Sutter et al'® gvaluated the performance of IPY
veraus three {formuiations of OPV [monovalent OPV type 3,
Lederle tOPY, and Glaxo8mithKiine tOPV) used as a booster in
S-month-old Omani infants who had teceived five previous doses
of OFV, This supplemental dose of IPY had excellent immunoge-
nicity and led to higher increases in potio type 3 antibodies than
did OPV, In addition, mucosal tnununity was assessed by admin-
istering a challenge dose of monovalent poligvirus type 3 OPV at
the 15-month visit. Overall, 13.2% of the infants excreted

poliovirus type 3 and there were no significant differences in the
rate of excretionof paliovirus type 3 among the study groups,

In Pakistan, infants were randomly vaccinated with OPV
along; OPVY and IPV at &, 10, and !4 weeks of age; or were given
QPV at those times plus a single dose of IPV at 14 weeks, The
immune responses were better for types | and 3 for the mixed
OPV/IPV association, but the single dose of IPV at 14 wecks did
not improve the OPY.only responses.'!

More recently, the WHO conducted a study in India in which
£~ to 9-month-old infants who had previously recsived multiple
doses of trivalent OPV and monovalent OPV type 1 were given
a single dose of 1PV, Nearly 100% of children who were seroneg:
ative to types 2 and 3 at the time of the dose seroconverted, '

Finally, a study in the Netherlands showed that IPV vacci-
nation was able to boost systecmic and salivary IgA responses
in previously OPV-vaccinated people. In contrast, persons who
received only past IPV did not produce a salivary IgA response,'®

To conclude, several types of IPV/OPV sequential and com-
bined schedules have been created and are being used through-
out the world with good immunogenicity.

Immunogenicity of IPV in the immunocompromised
subject and in preterm infarls

Due to ite nature and because IPV js the indlcated polio vac-
cing for immunocompromised subjects even in gountries that
recommend QPV the immunogenicity of IPV in these subjects
is an important igsue.

Prematurity does not appear to reduce the response to IPV-
vontaining vaccines when the vaccines are given at the usual
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postnatal age. Preterm infants all develop neutralizing antibodies
after three doses of 1PV, although titers might be lower than in
term infants'é’~1" particulatly if the infants are chroniéally il

Veceination of full-term infants at birth results in lower
immune responses than does vaceination fater in life, presum-
ably because maternal antibody levels are higher in newbotns,
and not due to immune immaturity'® [see “Effect of maternal
antibodies and nieonatal vaceination”),

Children infected with HIV who were given two doses of IPV
in early infancy responded reasonably well, probably because
their immune systems were largely intact.'™ In hemophiliac
adults, however, HIV seropositivity had a negative effect on titer
levels after IPV] although all adults responded to some degree, 17t
Chronic renal dialysis patients also seroconverted in 90% or
more of cases.'” In patlents who had undergone bone mar-
row transplantation and were reimmunized after transplanta-
tion, vaccination was usually successful in inducing antibodies,
although at least two and often three doses were needed, {777

Follow-up of 134 stem cell transplant recipients who were
given three doses of IPV at 12months after transplantation
found that 94%, 94%, and 90% were seroprotected fot types 1,
2, and 3, respectlvely. Those patients who had chronie graft ver-
sus host disease had less persistent antibody.!”?

Taken together, these results demonstrate that IPV can be
Imntunogenic in many immunocotmpromised subjects.

Mucosal immunity

In general, nasophatyngeal immunity induced by IPV, as mea.
sured by the levels of secretory IgA in secretions, may be less
than the levels of such antibodies induced by OPV. However,
nasopharyngeal immunity as measured by resistance to chal.
lenge by OPV viruses appears equivalent to such immunity
induced by OPV. On the other hand, intestinal immunity
Induced by IPV, whether measured by secretory IgA ot resistance
to challenge, appears to be inferior to such Immunity generated
by OPV, Many of these data come from Ogra, ' who found that
OPV recipients developed nasopharyngeal and sometimes duo-
denal poliovirus-specific secretory IgA, whereas IPV recipients
produced lower quantities, 181192

Serum IgG can transit into the nasopharynx and intestine
after both vaccines. Local [nasopharyngeal} and systemic antibody
responses after three doses of IPY, OPY, or a mixed IPV/OPV schedule
have been observed (summarized in Table 27.91%, but nasopharyn-
geal mean antibody levels were the highest following the OPV-only
schedule. Another study showed equal secretory IgA levels in pha-
ryngeal and stool samples of prior IPY and OPV vaccinees, %

Both premature and full-term infants developed nasapharyn-
geal 1gA after immurization in about 90% of the cases, 1% Hovi#
has studied IgA production in the intestine of IPV vaccinecs,
but found little IgA until the vacciness had been chatlenged
with OPV, A correlation was found between the detection of
intestinal igA and diminution of viftia excretion,

Effact of IPV on poliovirus excretion after natural or
experimental challenge

Early in the history of IPV, it was shown that 1PV vaccinces
could exctete poliovirus in the stools and in nasopharyngeal
secretions aftet challenge,'*®!% which has been considersd an
important disadvantage versus OPV. Time has tempered this
vision particulatly due to the progressive observation that 1PV-
induced nasophatyngeal immunity could limit the virus shed.
ding from this site after challenge. Thus, in epidemiological
settitigs where the primary mode of interhuman transmission
in affected communities is oral to oral |vs. fecal to oral), IPV can
effectively terminate transmission,

Studies in monkeys demonstrated that pharyngeal excretion
of poliovirus was inhibited in 1PV vaccinees equally ot even
more thah in OPY vaccinees, %! Then, Marine, 1% who fol.
lowed families exposed to natural wild-type 1 virus, found that
pharyngeal Infection was prevented by low levels of cireulat-
Ing neutralizing antibodles induced by 1PV, higher levels ware
associated with reduced intestinal infection {Table 27-10), A
sitilat correlation between the height of the serum antlbody
titer and prevention of excretion was seen in lsrael ! In 4
more recent study, children who had received three doses of
IPV or OPV were challenged with two different doses of type 1
monovalent QPV.!¥ The resulis (summarized it Tabie 27.11)
reveal that, whareas few subjects in elther group excreted virus
from the pharynx, intestinal infection oecurted in both gtoups
but was significantly lowar in the OPV group [82% vs. 31%
for the high titer chaflenge and 46% va. 18% for the ow titer
challenge). Nevertheless, the fact that high serutn-neucealiz-
ing antibodies ate a correlate of intestinal or nasopharyngeal
immunity is still debated, The persistence of local immunity
after polio vaccination has not been well studied, but there jg
evidence that reslstance to reinfection wanes and that protec-
tion against paralysis ultimately depends on the level of serum
antlbodies, 12719515

Table 27-10 Parcent Excretion of Wild Poliovirus Type 1 in Ghildren
According to Level of Vaceine-Induced Se  Neutralizirg Anilbody
LT S o mwatetion sl given lime a8t i '

B-84 7 &1 54 _
>64 25,88 B2

R pharyni sarmple; S, stool sampié{. ]
Data frorn Marine WM, Chin TOY, Gravalle GR Am J Hyg 76:173-195, 1962,

Table 27-9 Levels of

Serum neutralizing 100

antibodies (%) 7 )
aMT . 1470 3578 1522 1954 5835 5187 0044 10693 2348
Nasapharyngeal sigA 100 100 100 88 - 81 89 76 81 at
antibodies (%) o o o . _ o OON
oMY S M % E W R &
GMT, geomairio mesn titer; (M inacivated pollovinug vacclhe; OBV, ata poliovirg vaseine. 7 A
Fram Faden, H, Motiin J, Thomag ML, et al. J Infact Dis 162:1291-$207, 1990. With patmisaien, DANE S //\« ]
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"By, nadivead polivius vaccine: OPY, cral paliovirus vascine: TCIDS0, mediar lissue cullur Infaciive coss.

From Onoraio v, Modin JF McRean AM, et al. J Infect Dis 163:1-8, 1981. With permiaslon.

several challenge studies of IPV vacciness have been con-
ducted using type 3 monovalent OPV, In one, 93% of [PV-only
vacelnated Finnish infants excreted type 3 virus in stools after
challenge with 300,000 median tissue culture nfective doses

(TCID, ), but there was 1o control group,?” The median length

of poliovirus exererion was 35 to 42days, and the excreted peak
virus titers were 10%¢ TCID,, per gram.”® In the second study, a
challenge with 600,000 TCID,, induced only 5% ta 10% stool
excretion in Pakistani infants who received OPV alone or a
sequential and mixed IPV/OPV schedule. '

One study done in the United States had the advantage of a
control group that was unvaccinated, In this study, two doses of
1PV or OPY were followed by 2 dose of OPV.'¥ Stool excretion was
measured after that dose, in comparisen to a group receiving OPV
for the first time. The results are summarized in Table 27-12,
which shows, in line with prior studies, that excretion of poliovi-
rus In TPV vaccinees is significancy Jower and shaorter than in the
unvaceinated, but more than in OPY vaccinegs,

The 1eent Cuban study of IPV given by the EPI schedule
showed virus isolation rates 1 week after challenge with OPV of
94%, and 8 mean log,, viral titer of any serotype of 3.46. The
titers of virus shed were about 0.5 log lower in 1PV.vacclnated
children post challenge compared to unvaccinated children
being vaccinated for the first time with QPV#

Until recently, OPV was the only polio vaccine used in
Mexico. A study done in contiguous border wowns showed that
[PV-vaccinated American infants did not become infected with
PV despite high-level poliovirus importation,”

In the city of Cordoba, Argentina, use of IPV much reduced
the circulation of OPV straing; although Sabin viruses were still
accasionally detected in sewage, some of which had reverted to a
more newrovinglent phenotype, no cireulating VDPVs (cYDPVs)
were detected. ™ Mexico now routingly immunizes infants with
IPY supplemented by biannual national immunization days with
OPV. A study showed that revertant and nonrevertant Sabin-strain
viruses could be lsolated from [PV-vaccinated infants 10weeks
after the campaign and from sewage for at least 13weeks 27

The controversial question is whether or not the decreased
titers of polioviruses shed in stool and duration of shedding
observed in IPV vaccinees, results in less risk of transmission
than In unvaccinated populations or OPV vaccinees, and
therefore could contribute to the herd protection effect!® (see

#Herd immunity”). A recent review of intestinal excretion of
polioviruses after IPV vaccination concluded that IPV does not
reduce the ingidence of excretion but dogs reduce the quan-
tity of virus shed. 2™ The unresolved ssue ia whether or not
decreased quantity means decreased transmission,

Studies have also examined the effect of IPV on the mutation
profile of OPV strains in the intestinal tract,"&*® This phenome-
non, referred o as reversion to vinilence, is a regular feature of the
replication of attenuated poliovirus strains, whereby the muta-
tions in those strains responsible for attenuation in humans revert
to the virulent genotype. Although the supgestion has been made
that prior 1PV inununization potentiates that reversion,?'a®
a relatively large study failed to show a significant difference in
the mutation of excreted virus between IPV and OPV-vaccinated
groups3® Recent analysis made on the virus samples isolated dur-
ing use of & sequential schedule in the United Kingdom'® found
that reversion occurred [aster in vaccinees given IPV or OPV
than in previously unvaccinated infants, suggesting that the virus
attempts to increase its fitness in the presence of antibodies 243

Efficacy of IPV and comelates of protection

The efficacy of IPV in its original version was proved beyond
a doubt in the original field trial conducted by Francis et al 142
In that trial, ~400,000 children randomly received vaccine or
placebo, and another 200,000 were vaccinated and observed
together with unvaceinated children. There were 71 cases of
paralytic polio in vaccinges versus 445 in control subjects, In
the placebo-controlled part of the study, 70 cases occurred in
the placebo arm versus 11 in the vaccinaced arm.?* The caley-
lated efficacy of the vaccine was 80% to 90% against paralytic
polio and 60% to 70% against all forms of polie,

The efficacy of IPY was later confirmed in several settings.
Melnick® caleulated an efficacy of 96% through two polio sea
sons in Houston. In Senegal, two doses of 8 DTwP-IPV combi-
nation vaccing were given in the Kolda area, which suhsequently
suffered gn outbreak of type 1 polio. A case.control analysis
revealed an efficacy for one dose of 36% (95% confidence Jim-
its, 0%-67%) and for two doses of 89% [95% confidence Umits,
£2%-97%j,208-210 Iny another study conducted in the North Arcot
region of India, John?" compared OPV in one district with IPV
vaccination in two other districts, Veccination coverage with
three doses rose to 85% to 90% in the OFV districts and 75%

T

1 week post OPV

Tabla 27+12 Viral Shadding in 8tool of Any Typa After Trivakent OPY Administration lo tPV Vaccineas, OPY Vacelngs, or Unvaccinated Infarits .
e Twee ‘3weeks post OPV. -

82 (80-98) 48

* prior vagenat N

81 (67-91) 827

Geometric Mean copy no.*

None
ORVx 2 41 22 (11-38) 42 5 (1-16) NA
Pyx2 . . 42 76 (61-88) 98 07 (2264) 165

vt ﬁoslllvﬂ Sid@la.

P, inagiivalad palio vaceine; ORY, oral poliovirue veceing; PCR, polymarase changs reaction.
Adapled from Laagsr M, Lotianbach K, Balshe A, el al., J Infect Diy 192:3092-2008, 2008, With parmission,
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to 80% In the IPV districts. Case-conttol analysis revealed an -

eificacy of 92% for IPV and 66% for OPV. During the introduc-
tion of IPV into Canada, efficacy of the vaccine was caleulated
at more than 90%,212

Correlate of protection

Neutralizing antibody levels above the 1:8 dilution threshold are
now well accepted by all national regulatory agencies as corralates of
protection whett reviewing license applications for [PV-containing
vaceines,? although a 1:4 dilution may alse be protective,

Herd immunity

The best evidence for a herd immunity effect of IPV is the expe-
rience In the United States where 1PV was introduced itito rou-
tine use in 1955 and was replaced by OPY in 1962. A shap
drop in the numbers of cases of paralytic and nonparalytic polio
was evident during the years 1955 to 1962 {Flgure 27-5), The
apparent reduction it the number of cases observed exceeded
the expectation based on the percentage of children vaccinated
{Figure 27-6).21 Mote specific regional data were published that
suggested 4 greater than expected reduction in poilo cases. 2
The second exanmple of herd immunity comes from the
Nethetlands where vaccination is tefused by a religious com-
munity that is well dispersed throughout the countty, although

IPV 18 routinely admiinistered to the sest of the population. Two
vutbreaks of polio have oceurred in this religious group, one

ceused by type 1 virus in 1978 (110 cases] and the second by
type 3 vitus from 1992 to 1993 (71 cases). Despite the wide cir-
culation of the virus in this comtmunity, there was only one case
of pollo In other Dutch communities. Approximately 400,000
unvaccinated individuals not belonging to this religious com-
munity also remained unaffected.21$2202% The virulent vituses
also spread to similar religious groups in North America, but
cases only resulted from the 1978 outbreak.22-2¢ Qostvogel
et al®* did an analysls of the circulating viruses in schools

affected by the outbreak from 1992 to 1998, Proof of recent

type 3 infection was found in 59.5% of the unvaccinated chil.
dren and in 22.2% of the vaccinated children,

The evidence for herd immunity comes from countries where
oral-to-oraj ttansmission was probably the dominant mode of
interhuman poliovirus transmission, 1t is less clear If 1PV is
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able to induce herd immunity in countries where the fegal-to-
otal route is thought to be the primary role in transmission.

Duration of immunity

Several studies have been conducted to assess the long-tern
persistence of antibodies following different infant. regimens
for the ptimary series with IPV-containing vaccines with ot
without boosters with 1PV.containing vaceines administered

A

B
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during the second year of life and/or during preschool age. This
seccion will not review Jong-term pergistence data from studies
where primary series polio inmunizations have been done with
sequential IPVAQPV schedules, because they are much less fre-
quent and because their overall conclusions do not differ from
the ones desertbed In the following gections. The vast majority
ol studies have involved cohorts of subjeets followed for vary-
ing perinds of tme that have been vaceinated within the con-
texr of clinleal trials aimed at documenting the garly responses
induped hy IPV-containing vaceings under development and/for
licensure. The studies have been grouped by type of IPV vaccine
used and then subgrouped by type of primary series regimen.
The first group inciudes studies done with the older 1PV-
containing vaccines formulated before elPV was available.
These jow-potency vaccines contsined quantities of antigen
that were lower than the current formulations. Bottiger™* eval.
uated 30 Swedish children given two primary doses of IPV at
approximately 9 and 10months of age and a booster dose at
2years of age. When tested at 10years of age (8years after the

" lase dose], 100% of the children still had seroprotective levels

{z1:4) of antibody to all three paliovirus serotypes, In addition,
in the same study, Bottiger cvaluated 220 Swedish children
given the same low-dose vaccine with three doses at 9 menths,
10months, and 2years of age, and a later booster dose at Gyears
of age. At 18years of age {12years after the last dose), 100%
of subjects were still seropositive (21:4] to all three serotypes.
The decline of antibody titers was greater during the first 3years
after the 6-year booster (0,13-0.22 log, , fold-reduction per year|
than during the next 9years {0.05-0.10 log, fold-reduction
per year). In another study conducted in Sweden by Taranger
et al,2% pwo primary series immunization schedules were evalu.
ated. All subjects were given an older low-dose 20-4-16 D-Ag
units TPV concomitanty but at separate sites from DTaP and
Hib vaccines, One group of 103 children were immunized using
the standard Swedish schedule at 3, 5, and 12months of age,
the other group of 118 children were immunized at 2, 4, 6, and
15 months of age. At 4years of age, 93% ta 100% of children on
the 3-5-12-month schedule and 96% to 100% of children on the
9-4-6- 1 5-month schedule still had sereprotective titers (21:4} to
the three poliovirus serotypes.

The second group of studies includes studies done with
modern IPV-containing vaccines, and is further subgrouped
aceording to the type of infanttoddler schedule used. That is,
two doses in infancy followed by one dose in the second year
of life (2 + 1), three doses in infancy with no booster dose in
the second vear of life (3 + 0), or, finally, three doses in infancy
[6+10-14weeks of age, or 2-3-4 months, or 2-4-6 months of age]
foliowed by a booster in the second year of life {3 + 1), Their
tesulis are summarized in Table 27-13,293%24 All of the avail-
able data show persistence of antibodies only up to the pre-
school age, because all of these cohorts have received a preschool
bonster with an [PV-containing vaccine. No daia are available
ins cohorts of subjects primed with these different infant/toddler
sehredules who have not received a preschool baester with
an IPY-containing vaccine, Overall, these studies show that
the persistenge of poliovirus-nentralizing antibodies is well
gstablished at least uncil preschool age by the 3 + 1, 2 + 1,
and 3 + O schedules, with slightly higher titers in favar of the
most complete schedule (3 + 1), In all studies where evaluated,
aheibady titers deelined more rapidly during the first 2years
after the last dose {0.45-0.60 log,, fold-reduction/year for each
of the three serotypes) but remained more stable during the
{ollowing years, When a preschonl beoster is given following

. these different infant-toddler primary immunization schedules,

there iy evidence of a marked anamnestic response with high
titere when measured in the month following the prescheol
hooscer, Based on data from the. historical Swedish data noted
earlier, duration of protection is expected to be long term, if not
liielong, Whether additional boosters will enhance long-term

protection is still debated,®@ but some countries recommend
post preschool age additional doses, A compromise position
would be to recommend four to five doses af IPV with the laat
one administered at preschaol age, as, for example, in the cur-
rent US schedule, which is ages 2, 4, and 6 to 18 months and
41o6years (2 + 1 4 Lord + 0 + 1) or in the UK, which is
ages 2, 3, and 4montha and 3 to 6years (3 + € -+ 1} (but in this
case, the UK recommends & fifth dose at 13-18 years of agel; or
in some other Buropean countries, which is ages 2, 4, 6, and 18
to 18months and 4 to Gyears (3 + 1 + 1),

Experience ia very limited with regard to duration of persis-
tence of antibody in countries that do not reconumend baosters at
preschool age or Jaier, Thus, itis not clear if immunity will peraist
long term in the absence of such preschool or [ater boosters
Therefore, given the present state of knowledge, it seems prudent
to recommend that a preschool booster be part of any [PV rou-
tine immunization schedule. The need for subsequent boosters
in countries relying on five consecutive doses of IPV from birth
to preschool entry {3 + 1 + 1 schedules) has not yet been estab-
lished. The availability of TPV-containing combination vaccines
licensed for adolescent and adult populations [Tdap-IPV) will
facilitate adolescent and adult boosters, but available data do net
sugaest such boosters are needed. In fact, few countriea recom-
mend such boosters, However, few studics have evaluated per-
sistence of poliovirus-neutralizing antibodics beyond childhood
following primary imnwnizations® (see also Figure 27-7}, as the
first countries who put in place routine and exclusive use of mod-
ern IPV-containing vaccines schedules started in the mid-1980s.
Thus, the cohorts of infants having received such schedules are
just starting to reach their thirtes.

Saik argued that immunclogic memory s established by
primary vaccination with IPV and that no further immuniza-
tions are necessary**% He showed that, whereas unprimed
individuals reacted with only low tesponses to a single dose
of IPV, previously vaceinated Individuals, even those origl-
nally given fraceional doses, developed anamnestic responses
(see Tahle 27-2), In his opinion, the vaccinees would respond
similarly to an infection, thus preventing viremia and disease,
Swartz'* and colleagues showed that newborns could be sensi-
tized to develop an anamnestic response to TPV at age § months
if they were given a dose at birth, In contrast, Dutch work-
ers identified a group of elderly IPV-vaccinated but now sero-
negative subjects who were challenged with OPV*¥ Although
& third had anamnestic serum antibody responses suggesting
prior exposure to type 1 virue and immunelogical memory,
those responses did not appear to protect them againat intesti-
nal inlection with the virus, :

Adverse events

1PV is a very well-olerated antigen™* When infants are
injected intramuscularly with 1PV stand-alone vaccine, injec-
thon atte erythema is seen in 0.5% to 1.6% of infais, induration
in 3% to 11%, and tenderness in 14% to 29%.% The combina-
tion aof IPV with other vaccines, such as DTwF/DTaP (supple-
mented or not by Hib and hepatitis B), does not sesm to add to
the reactions expected with those vaccines alone {Sanofi Pasteur
and GlaxoSmithKline, published and unpublished data) ##2.20

IPV-containing vaccines are now Heensed in more than 100
countries* and it is estimated (2010) chat 25 to 30 million
newbomn infants and approximately 15 milllon children, ada-
lescents, and adwits receive them every yesr. Overall, the num-
bers of adverse events reported to the manufacturers have heen
low, and the types of reactions reported have been classical and
without concentration in a single category,

The US CDC Vaccine Adverse Event Reporting System data-
base assembled betwesn 1991 and 1998 was reviewed for reac-
tions attributed to JPV2¥ The putative reactions were compared
with reports of reactions to OPV, No significant change was
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fFigure 27-7 Eight- lo nine-year follow-up study of poliovirus
nautralizing antibodles in children immunized with MRCS-praduced
IV, Vaccinees received a two-dose primary serles at 2 and 4 months
of age and hooster vaccinations at 18 months and 4 1o Byears of age
{indicated by the syringe symbaol}, (A) Percentage cf children with a
neutralizing antibody titer of 4 or greater. (B) Nalural logarithm of the
GMT. (Reprinted from Murdin AD, Barrsto L, Plotkin 8A, Vaccine 14:735-746,
1996, Wilh parmission from Elsavier Science }

seen in the types or frequency of veactions such as fever, convul-
sions, and local reactions. Both vaccines generally were admin.
isteved In association with other vacclnes such as DTwl so
these events cannot be attributed necessarily to IPV or OPV,
Safey data  accumulated by Sanofi  Pasteur
Glaxo8mithKline on combination vaccines congalning IPV also
have not shown wnexpected reactions attributable to the IPY
vaecing, Ag one example, amang dozeus, in ong study of 2,195
infants given & DTRIPV vaccine associated or combined with
one Hib vaccine et 2, 3, and 4 months of age, there were no sei-
zures and no hypotonic hyporesponsive episodes, fever higher
than 40°C in only 0,1%, and inconsolable crying in only 0,15%.%%
With regard Lo major adverse events, the events reported
within the context of the “Cutter Incident” are unique in the
history of [PV. Between April and Tune 1958, shortly aiter
licensure in the United States, 204 cases of type | polio were
ohserved in association with use of the vaccine manufactured
by Cutter Lahoratories ¥4 After investigation, 60 cases In

and

vaceiness and B9 in family contacts were judged to he caused by
two lots of vaccine in which infectious virug had not been com-
pletely inactivated, About 70,000 children received the two lots,
and half were prohably seronegative to type 1, Virologic studics
rovealed infection in 10% to 28% of vaccinated children and
found an incidence of | paralytic case in every 100 to 600 infec-
tions, The incriminated lots all had passed release tests, includ-
ing monkey newrovirulence and tissue oulture infectivity, but
ather lots similarly manufactured had failed, A requirement for

serial lots to pass safety tosts was then introduced at that time,

The Cueter incident was due to a lack of regulatory supsrvi-
sion of companies that had no experience in making IPVs, and
serves as 4 lesson In vaceine safety.?™ Since the Cutter incident
and the safety measures instituted as a result of that experience,
there has heen no evidence for defective manufacture of [PV,
Several hundred million doses of IPV produced by the major
manufacturers have been used without assoclatlon with sub-

. sequent polio, or other serious reaction f#20435 Ag mentioned

previously, augmented use of IPV in routine vaccination in the
US since 1997 and later in countries like the UK, Australla,
Mexico, South Africa, and Turkey has permitted additional
accwmwlation of data, again without indication of a causal rela-
tionship to serious adverse effecta,

Recently, a retrospective safety issue has been raised, Like OPY,
early versions of IPV contained simian virus 40 (SV40) derived
from primary rhesus monkey kidney cells, Studies showed that

. V40 transformed cells in culture and caused tumors in animals,

© After the discovery of the virus, SV40 was eliminated from I[PV

in 1963. Nevertheless, SV40 antigens have been discovered in
mesothelial tumors, brain tumers, and non-Hodgkin's lympho-

mas, and even In individuals not exposed to polio vaccines before.

the vaccines were cleared of the virus, %~ The still unresolved
issues are whether or not $V40 was successfully removed from
the seed materials; whether SV40 infects humans from sources
other than polio vaccines; whether if, having come from polio
vaccines, it now has an independent human-to-human transmis-
slon, and whether or not It s a passenger virus in the mors and
not the causative agent, Although epidemlalogic studies have
been negacive so far, the jury is still out 254

Flare-ups of disease were reported in ppproximately 6%
of systemic lupus erythematosus patients who received [PV,
However, about the same rate was secn in OPY recipients, and
no contro} growup was studied,

Recommendations for IPV

Infants

IPV-containing vaccines are now recommended in routing
public vaccination programs in many countries including in
American infanes and children, V%2 In the United States, the
routine schedule is 8 single dose at 2, 4, and 6 to 18 months fol-

lowed by a fourth dose at 4 10 6years of age (preschoo] entry). As

of the end of 2011, IPV-containing vaceings are routinely rec-
ommended for infant vaccination againsg poliomyelitis in nearly
60 countries inclwding Canads, almast all Furopean countrics
including Eastern Euwrope, Australia, New Zealand, Mexdco,
Turkey, South Africa, Costa Rica, Taiwan, end Malaysia, ™

Childran

For children who need rapid protection because they are wavel:
ing o a zone where polio ia endemic or epidemic, or for those
who have not been vaccinated previously, the recommended
schedule is two doses 1month apart followed by a booster
6 months later (or, if pressed for time, at least 1 month later),

Adufts, including travelars

Routine | re}#accirmtion of adults is nat recommended in the United
States,” but is recommended in some European countries,?
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I adults need primary polio vaccitiation, they should always
receive IPY, becauss VAPP after OPV appeats to be mote common
after 18years of age. IPVecontalning comblnatlon vacclines made

of low-dose diphtheria and tetanus toxoids plus IV (some includ-

GP’VZ‘_*“ Some of these experiences are reviewed in the next sec-
tion for several WHO regiona.

By Madical asgociations |

-

Table 27.14 Countries whers [PV is Recernmended by Health Autnifties™ ™

Reuting Pediatric Immuntzation (2010),*

or

- Pony chadise

IPV/OPY saquential schediles

intg also low-dose acellular pertussis antigens) have been developed ' Amarica- Samoa ‘Bakamas
and licensed in many eountrizs, % In principle, vaceination of pT— Barain =
previously unvaceinated adults, to protect them from VAPE is rec- aidel .
ommended wheit they are in coneact with children excreting OPY,  Australia Belarug -
Adults traveling to polio-epidemic or polio-endemic areas shouid Auetrla Bogria-Harzegoving
tecetve IPV as a booster befors their first trip. Laboratory per- Bl Cote Rioa e
sotinel working with wild pollovituses should have previously sigium . 8t Rica
completed vaccination. Health care workers should also be vaceis Bulgana ~ Jorden
nated because they may come into contact with wild poliovirus or Canada Kuwalt
reverted attenuated viruses excreted by vacciness, e 8
IPV is univetsally recommended for subjects with known _ Croatig _ lebanon —
congenital or achuired immuml}(deﬂctiﬁncy, inchuding H1V infec- Cyprus Malaysla
tiott, In view of the VAPP risk in those patients after use of o v FUTTRTAR
ODPVi#et Thoge recelving systemic sterold therapy or chemother- Czech Aepubllo ... Mershallslands
apy are included In this indleation. In developing countries PV~ _ Denmark o Meleo
I8 recommended for asymptomatic HIV-seropositive people, Estonia Montetiegro
because the risk of polio from wild viruses is considered larger B e
than the tlsk from VAPP In industtialized countries where QPV Finian s BleBling .
is still routinely used but IPV is avatisble for some indicatlons, France foland
family eontacts of immunocomprorised people should receive armany "~ Busstan Fodetation
1PV instead of OPV to avoid transmitting the vaccine viruses to Garmary N - n Faderation,
the imtnunocomptomised host, : Groscs . SeudiArabia
. _Hong Kong ___ Syrian Arab Republlo .
Hungary o Ukrine s s
S i ERLPE iceland United Arab Emirates
Formal contraindications to 1PV conasist of previous severe reac. freland _ Oman o
tioh t0 ey vaccir}e ot known orldocumer}ted allergy to stiep- larael IPV/IOPV combined schedules
tomycin, neomyein, or polymyxin B. Neither pregnancy nar - s - -
breastfeeding is a contraindication. ftaly Turkey
] ] Latvia South Alrlca
Simultaneous use with other vaccines Lo o
No clinically relevant interference effects have been deseribed Luxembourg
when: [PV is used in association or in combination with Malta
licenséd DTwP/DTHE Hib, or hepatitis B vaceines. The largest i
experiences with IPV combinations have been between the mid- ~ __Monaco
1980s and the mid-1990s with DTwP-IPV and DTwP-IPV/HIb Netherlands
in France and Canada, and since the mid-1990s with DTaP. New Zealand
- IPV-backboned combinations including HepB and/or Hib in the -
United States, Canada, Eutope, and elsewhere (see Chapter 40), _ Nlue
In combination vaccines, IPV is compatible with DTaB Hib, Norway
and hepatitis B, although peneralization s difficult owing to Palt
the pharmaceutical specificities of all of these drug substances, - - :
which are the key driver of the mixability of these antigens. Portugal :
. . Externporancous mixing of two distinet liquid finished products Romanla
' should not be made by vaccinators, -
‘San Maring
Slovalda
o e s South Kores
Results of vaccination programs with [PV Span
Bxperience with IFV in national programs has been longest in Sweden
Europe and in Canada. Some countries have used IPV exclu.
\ . N . Switzenand
sively since the mid-1950s, and some as part of mixed or
sequential schedules with OPY, a8 reviewed by Murdinx» _ Talwen ,
Plotkin,** and Botinet and Dtuitta,® United Kingdom
Tuble 27-14 lists the nearly 60 countries (2010} where IPV- & Northern Irefand
contaihing vaceines are recommended for routine pediatric vac- United States ’ \ = =
cinatlon as [PV-only schedules or as part of sequential schemes - L S
with OPV or as IPV-only schedules supplemented by 51Ax with *Either as [PV-only schidules oilas mlal IPV/OPY echedules

of u8 part of IPVOPY Sombinad dules.

IPV; Inactivated peolis

chis; O

R R lone

Mariz {.%ﬁf(narr @ Holay

Farnpoddiing
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European reglon

Many countries of this region have been early adopters of IFV.
sweden has used 1PV since 1957, Tn 1989, modern [PV replaced
the original vaccine. Indigenous circulation of wild poliovi-
ruses was stopped by 1962,%7 although a subsequent outbreak
pecurred i osn unvacoingted religious community without
spread o the whole population.®™

§imilagly, IPV has been used in Finland for many years,
starting with frst-generation vaccing and changing to mod-
ern 1PY in 1983, The only putbresk of polio reported since
the introduction of 1PV involved 10 cases in 1984 under the
following circumstances, Y™ The type 3 component of the
frst-generation [PV was of low potency, with a minority of
vaccinees respanding with antibodies and vaceination cover-
age had slipped to 80% before outbreak anset.*” Investigations
revealed that the type 3 wild-type virus was Introduced,
probably from Turkey, and was genetically distinet from the
Saukett virus strain used to manufacture the vaceineg® and,
becauge of that it escaped neutralization.?™ A wypsin-treated
vaccine was developed in an attempt to carrect the specific-
lty of the type 3 response, ¥ buy tests showed that it did not
improve the immunogenicity.¥¢ OPV was brought in to stop
- the outbreak, after which the Finns returned to using 1PV,
lwut 10 the form of the modern vaccine, The modern IPV did
induce neutralizing antibodies ta the Finnlsh mutant virus,
and no spread of polio virus to Sweden occurred during that
guthreak e

Denmark started with 2 mixed and sequential schedule in
1968, Srarcing in 1970, Danish infants received IPV at §, 6,
and 15months of age, followed by OPV at 2, 3, and 4years of
age. Single polio cases were diagnosed in 1969, 1976, 1980,
and 1986, and the last two were imported. No wild-type virus
has been identified in sewage samples since 1968, Not surpris-
ingly, seroimmunity has been vircually 160% at all ages of the
Danish population, 3 No VAPP has cceurred among 1.5 mil-
lign Danes who have received two or more doses of IPV, and
Denmark changed to an all-IPV schedule,

In the Netherlands where modern [PV had its roots in the
late 1970s,%¢ polio has been prevented in the genersl popu-
lation by combining DTWP-IPV o1, more recently, DTaP-IPV
vaceine. In 2001, a survey of immunity in the general Dutch
population revealed seropositivity rates of 7%, 93%, and 90%,

respectively, for polioviruses types 1, 2, and 3.7 As described

carlier, however two outbreaks have ocgurred in Protestant
religious eommunities refusing vaceination without spread to
athers (see “Herd immunity”),

Pclio disappeared from Iceland in 1960 after the intro-
duction of JPV vaccination in 1956.% Norway started vac-
cination with IPY in the late 19508 but switched to OPV
in 1965, After that switch, there were six cases of VAPE, of
which five were in unvaceinated people and the sixth in an
individual given IPV l0vyears earlier (L. Flagstrud and H,
Naoikieby, personal communication). Because most of the
population had received 1PV previously, it appears that VAPP
had begn almost egmpletely prevented by prior IPV vacei:
natlon. Norway switched back to IPV in 1979, and since
then the only reported policmyelitis has been imported from
ghroag 2®
 France is » good example of a sizable country exposed to reg.

wlar poliovirus importations that hag kept the discase at bay
with TPV vaeeination oply. Prance started vaccination with
IPY in 1968, but in 1965 OPV hecame the secommended vac:
gine. Both OPV and 1PV were in use until 1983, when mod-
ey JPY was recommended, VAPP acpurred sporsdically
during the use of OPY but ceased to be seen after 19867434
The last wild policvirus AFP case was reported in 1982, and
attempts to find indigenous wild-type viruses in sewage have
not been sucgessful since 1989 740 :

In Germany, & switch from OPV to [PV was made in 1998,
beeause in the prior decade there were 15 cases of VAPP compared
to only 2 cases caused by Imported wild viruses, Dosges were rec-
ommended at 2, 4, and 11 to 14months of age, with a booster in
adolescence. However, because JPV-containing contbination vag-
cines are in general use in Germany, most infants recelve [PV
doses at 2, 4, 6, and 11 to 14months of age.

The United Kingdom switched from OPV use to an exclu.
sive use of IPV in 2004 when a pentavalent aPIPV combina-
tion became Hoensed and was then recommended, Many other
Furopean countries use all-IPV schedules. In addition, ag the
use of pentavalent and hexavalent combination veccines con-
taining 1PV becomes more general, more countries are likely
1o switeh,

Arnericas region :

All Canadian pravinces have used [PV, OPV, or a mixed sequen-
tial schedule since the inception of vaccination in 1955, and
the experlence has been particularly large in Ontario, Canada's
most populous province, Since 1997, all provinces are using
PV through the use of IPV-contgining acellular pertussis come
binations. The last indigenous case of polio occurred in 1988,
and was related to importation of the virus, Introductions of
paliovirus from the Netherlands in 1979 and 1992 and from
the Indian subcontinent in 1996 failed to spread to the gen-
eral population,'®21238 Qnearlo, the largest province with the
largest inumigrant population, has had the most introductlons,
but provinces using OPV have also had wild pollovirus intro-
duced, In every case, the wild virus wae confined to vnvacci-
nated immigrant groups or unvaccinated religious cults, while
the general population was unscathed,

In the United States the early use of first-generation 1PV
was discussed previously {see “Herd immunity”}. Despite
incomplete application of the vaccine, polio incidence fell 95%
between the intreduction of the vaceine in 1958 and its sban-
donment in 1961 {see Figure 27-3}. The remaining cases, many
of them in IPV vaceinees, sepped confidence in the vaccine and
caused its replacement by QPV32% The last cases of indig-
enously acquired wild-type paralytic poliomyelitis in the United
States occurred in 1979 among unvaccinated Amish children
in Penmsylvania, Missouri, lowa, and Wisconsin, The evolu-
tion in polie vaccine policy in the United States is summa-
rized in Table 27-15. Opinion gradually shifted away from OPY

" and toward IPY, but with the preference for a combinatjon vac-

cine. Although a combination vaceine containing [PV was not
licensed at that time, IPY was relntroduced into recommended
use in the United States in its enhanced-potency form in 1997
as part of a sequential schedule consisting of two doses of IPV
at 2 and 4months of age, {ollowed by two doses of OPVY at 12
to 18months and 4 to years of age** VAPP cases immedi-
ately decreased to three in 1997 and one in 1998, All of these
cases oceurred in children whose physicians had elected to start
immunization with OPV rather than the recommended 1PV,
Three vears later, in 2000, the United States chose four doses
of IPV gs the reconumended regimen 43 The primary rea-
son for the reintroduction of IPV in the United States was the
perception that polio was vanishing from the world, whereas
paralysis associated with OPV was exacting an average yearly
toll of § cases, 20776624338 Before the switch occurred, concern
was expressed that the use of stand-alone IPY vaccine might
decrease immunization rates because of the necesslty of addi-
tional injections, However, this was not the case, and immuni-
zation rates were unaffected by the change to partial and then
complete [PV schedules. 5025728

Mexico {since 2007) and Costa Riga (since 2010) have relied
on the use of IPY, contained in a pentavalent aP-IPY combina-
tion vaceine, with continuation of SIAs with OPY twice 4 year
in Mexico,

—
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1961

Polio citbreak shows partial effestiveness of IPV; epldemiclogic data show that IPY does not complotely prevent

pollovirug gircutation
1963 tOPV licensed, replaces PV as recpmmended vaccine .
1964 Surgesn General's committas concludes that 57 cases of VAPP oocurrad betweet 1961 and 1884 (reQérsim to virulence
first recognized in 1955)
19708 Van Wezel and Cohen at RIVM improve manufacturing processss of IPV
1877 IOM report racommends OPV for chitdren, IPV for adults
1978 Institut Mérleux develop techmléﬁi;s -fdr-rﬁanufaoturing IPY 'Ih Vera cells; monkey ce_lls no !6ngsr naeded h
1988 IOM report racommenda staying n_rith_va_unuI IPV combination available or 90% coverage rgachéd _
195 1OM workehop fscommends g towerd PV | .
1807 Seduential schedule adoptad by AGIP )
1809 ACIP recommentis saquential schaciula of all IPV; OPV alone not recomimerided
2000 IPV anly schedkile recommended -

ACIE Advisory Comtniiee on immunization 'Practloeé:-léb;hliﬁs:‘ﬁuta of Matiicing; Py,
Your Volkegezardhald an Miler; VAP vatcine-ssnociated pataiylic poioimyaltis.

Inaciivated poliovin vactine; OPY, ral poliovU vaocine; AIVM, Rt -

Eastarm Mediterransan region

Israe! has used both polio vaccines in an attempt to solve their
patticular epidemiologic situation in which two tommunis
ties that live close together have different hyglenic conditions
and levels of vaceination coverage. After a brief experience
with IV Israel searted routine OPV vaccination 1n 1960.
Vaceination coverage reached high levels among both Jewish
and Arab childten, Nevertheless, sporadic poliomyslitis con-
tinued atmong Jews, and small epidemics continued to ocour
in the West Banl and Gaza, 2% In view of the failure of OPYV
to control polio, in 1978 the Israclis introduced a combined
mixed schedule: OPV was administered at 1, 2.5, 4, 5.5, and
12 monthe of age, and IPV (as a D'TwP-IPV vaccine) was given
at 2.5 and 4months of age. For a time in the 1980s, thers
were no cases in Israel proper and only sporadic cases in the
Palestinian areas. -2 All wag well until 1988, when an epi-
demic of 15 cases of type 1 polio oceurred In Israel® local-
{zed in ona of two distticts that had adopted IPV vaccination
of infants, Although the analysis of this epidemic iz contro-
verslal, it Is clear that antibody responses to OPY ware sub.
optimal among Israeli young adults, resulting in a low level
of resistance, Conversely, the wild virus may have circulated
among infants immunized with 1PV only, allowing spread to
their parents, ‘The response to the epidemic included mass
vaccination with OPV and the institution of three doses of
DTP-IPV in the routine vaccination scheme together with four
simultaneous doses of QOPV* Since 1988, no cases of polio
have been reported in Israel or its territories, despite an out-
break in neighboring Jordan from 1991 to 1992 that caused
wild virus circulation in Gaza?

Western Pacific region

Since 2007, an IPV introduction program has been put in
place in the entire Yogyakarta provinee of Indonesia, and 1PV
is the exclusive EPI vaccine used. Polioviruses were only iso-
lated a few times in sewage samples after the switch to 1PV, but
some challenges in the environmental sampling ocourred,
Seroprevalence/seroconvetsion surveys and vactination cover-
age evaluations have not yet been reported.

* Australia and New Zealand are now using IPV-contalning
agellular pertussis combinations based on a cost analysis show-
ing that the introduction of IPV in a combinatjon vaceine cost-
ing 310 or less is cost-effsctive.®¢

- Rationale for the use of IPV

Since the early 19603, the well-tecorded vaccinology contro-
versy s the choice of 1PV or OPV for routlne vaccination in
infaney. ‘Thble 27.16 summatives the advantages and disadvan-
tages of [PV.only, OPV-only, or mixed and sequental IPV/OBRY
schedules.2 In cssence, the key arpuments for 1PV usage are
safety (no VAPP and no induction of VDPVs), predictable and
consistent immunogeniclty, and the possibility of its inclusion
in combination vaccines. The ley arguments for OPV usage
are induction of better mucosal intestinal immunity, ease of
administration to large populations, and low cost, The argu-
ment for a mixed schedule is to fuse the immunogenteity
advantages of each vaccine with 1éss or nutl dsk of VADP when
IPV ia started first,

VAPE which ie discussed In detail in Chapter 28, is an ines-
capable phenomenon that has been consistently observed with
OPV201208 In our view, the following circumatances should lead
to the choice of IPV for routine vaceination of infants in a par-
ticular country:

» Absence of paralytic polio and likelihood that wild
polioviruses are no longer circulating. This ctiterion applics
to countries where eradication of poliv has been certified,
even if Importation is possible by migrants,

¢ High vaccination ¢overage with routine D'TP equivalent to
90% or better in infants and children, so that introduetion
of wild virus is unlikely to result in spread.

+ Ability of the medical systems or of vaccinees to afiord the
costs of IPV-containing vaceines, although the tost issue
is not straightforward, particularly when a full pharmaco.
economical cost-effectiveness analysis is made, including
the cost of National Immunization Days with 0PV,

A dose of OPV costs $0.13 to $0.14 for UNICEF or for other types
of public markets, whereas a dose of 1PV stand-alone costs €25,
but this price may be unduly high because volume orders arc low.
In private markets, the price of stand-alone IPV vaczines and IPV.
contajning combination vaccines vary widely, depending on the
type of markets and the type of vaccine used [the [PV-containing
combinations representing #ie vast majorlty of volumes distrlb-
uted), and prices statt at gévers ottty
also vary considerably depending
purchased, and contract gondig
ditions, the prices of IPVE
Marig &

en the right con-
vaegines (today
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Table 27-16 Advaniages @ndﬂDi‘sadvantagaa of AI-OPY, AR-IPY, o IPV/OPY Mixed Vacaination Schedules

. Feature. - a A PV :
VAPP 1 gaae per 260,000 to 800,000 No cases Estimated reduction of 60-100%
Toligwing first vaoginationg? in YAPF cases
"Safety (other fhan VAP and  Excellent Exceilent Excellent
VDRY) '
8ystermig immunity Gaod Giood Good 7
Intestinal immunity  Excellnt Shorter excretion and "~ Excellent
reducsd titers in excreta after
challenge
! Transmisseion Impact variable
Oropharyngeal immunity Excallant Excailent ' o Excellent
_ fiﬂlcacy T Expelent - “Excellent * Exceliant
Tranemisslon loontacis and  Yes No gome
gecondary vacaination
CEsainjecions 0 No Yes if standalone Same as for afl IPY
No'if part of combination
vaceine
Reduced comp]ianc_e Ng Possible if stand-alone Possihle if stand-alone vaccine
vaccine . :
Availabllity of combinations None Yes Yes
Cost Low Higher, athough price Intermediate

difference depends on
volume, use of combinations

“TIWHO oaimale s belween 1/250,000 and /800,000 firsl ORY doses, From WHO. Wiy Epidermiol Rec 86:206-220, 2011,

1Py, inactivaled polio vaccine; OPY, orgl pollavins vaceine; VAFF, vaccine-associaled paralytic polio; VOPY, vaccine-tevived polloviusee.

all of them are acellular pertussis combination vaccines| could be
in the §5 to $8 ver dase range. If the IPV-containing combinations
were based on whole-cell pertussis rather than acellular pertussis
vaceines and ideally manufactured from non-Western manufac-
turing units with lower manufacturing cost structures, the prices
would be lower., Although these priees per dose are greater than
the price of OPY the human and financial costs of VAPP and
VIPY the high amount of wastage of OPY, and the cost of keep-
ing the oral vaccing frozen must be taken into account. An analy-
sly commissioned by the Bill and Melinda Gates Foundation®”
concluded that if requested, current manufacturers could supply
1PV for all che world's children, although several years would be
required for ramping up. The report also estimated that this level
of production could lower the price per dose to between $0.50 and
$2.00, However, the price of [PV in combination vaccines was not
calculated, Thesc prices are still substantially higher than the cost
of OPV and WHO is undertaking efforts to bring them down to
those of a course of OPV (see the following section}. Khan™* con-
cluded that if the risk of recrudescence of wild or vaccine strain
polic is taken into account, the cost of IPV replacement of OPV
would be less than continued use of OPY,

In the scope of its Global Polio Eradication Initiative Strategic
Plan 2010-2012, WHO has actively engaged in promoting
research and development activities toward the emergence of
affordable IPY solutions, The major focus for IPV research has
been an jts use post wild poliovirus eirculation eradication when
QFY use must siop becavse of the potential for cVDPVs, although
sesgarch on possible pre-eradication IPY vaccination has also been
conducted, The hope for post-eradication IPV use is to minimize
the risks of reintroduction and spread of polioviruses as cVDPVs,
ar through lsboratory containment breaks, spread from chronic
immune-defleient poliovirus shedders, and even the potential for
reintroduction of polioviryses aa part of bloterrorism. By assuring
gontinuing population immunity through 1PV, those risks could
be markedly reduced. The Polio Research Committee,* the polio

working group of the WHO Strategic Advisory Group of Experts,
and the Independent Monitoring Board®? are regularly reviewing
progress made from a multipronged approach, This approach
includes developing a better understanding of the role that can be
played by IPV in boosting imumune responses, particularly intes-
tinal immunity in populations shown to be poorly responsive to
OPYV, to the development of new PV vaccines, or to new ways of
using existing vaccines. The “low-dose” option consisting of the
use of the I intradermal route {described above), or of one-dose
IPV regimen followed by one or more OPV {“light” mixed sequen-
tial schedule), or of twa-dose IPV-only regimen is being explored
[see “Immune responscs”]. The use of classical {aluminum salts)
or new (squalene-based emulsions or other} adjuvants aimed at
reducing the amount of antigen is also under active investigation,
The most advanced option is the use of the $abin strains allow-
ing potential new manufacturers, particulasly those in the devel-
oping world who may be able to produce vaccine more cheaply,
to play a role in IPV supply {see “IPV manufactured from Sabin
straing”). Finally, the developrient of new and alternate poliovi-
us seed strains usable for [PV manufacturing based on stabilized
Sabin-like strains or on more innovative options based on the use
of noninfectious genetic material transfected in expression sys-
tems is under investigation,

The most recent position of WHO® is that “The national

; choice of vaccines and vaccination schedules during the pre-

eradication period must include OPV or IPY, or a combination
of both, and should be based on assessments of the probabilities
and censequences of wild poliovirus importation”. However,
WHO notes that after eradication, use of OFV will have to siop
and the vaccine may become unavailable.

The criterla for adopring mixed sequential schedules bogin.
ning with IPV and ending with OPV are the same, but with the
addition of a public health policy factor; the desire to prevent
polio by all possible means, taking advantage of both vaccines
but also eliminating VAPP,W#H0
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Role of IPV in poliomyelitis eradication

The role of IPV in facilitating eradication and its verification
is much disputed, ranging from no role at all?®3 to complete
substitution of IPV for OPVa2 '

Continuous wild poliovirus circulation has been eradicated
from several of the WHO regions, but isolated importations of
polioviruses have occurred in some of them, such as in Russia®®
recently and may cotitinue to occuit. :

The principal weapon n the eradication efforts has been
OPY, given in national campaigns, although the same goal was
achieved in many Butopesn countries using 1PV, OPY earipalgns
are also having 4 marked impact on the incidence of polio in tra-
ditionally endemic areas, such a8 the Indian subcontinent and
Africa, ! However, confidence in the feasibility of eradication has
wavered 2 First, because in 2003 false journalistic rumors con-
cerning HIV and estrogen contamination of OPV caused cessation
of vaccination in Nigeria, which subsequently led to poliovirus
circulation and spread to 18 countries;? second, because the
phenomenon of epldemics due to VIDPY atmibutable to extensive
mutation and recombination after circulation was recognized;i1é
and third, because the costs of the program began to cause donor
fatigue. Although successful elimination of wild polio in India has
been made with a never befote attained low level of polic inci-
dence at the end of 2011, some Indlan sclentists have been
particularly vociferous in calling for greater use of IPV1547 The
viewpolnt of the WHO 8 that only OPV should be used as the
principal tool for eradicating polio in developing countries, %33
However, John,* working in Southern India, showed that 1PV
ean be highly effective In preventing polio without the problems
of OPV {VAPP and the need for repeated administration to obtain
uniform seroconversion). Nevertheless, India may have eradi-
cated polio using an OPV-only approach, As of May 2012, only
one case of acute flaceid paralysis due to wild poliovitus had been
reported in India during 2011, a case in West Bengal, with onset
in Tantuary.® The WHO recognizes that there may be s many a8
500 VAPP cases per yeat thtoughout the world,*# that VDPV has
become a real threat to eradication,?? and that monovalent and
bivalent OPVs are needed to increase efficacy. ™™

Various strategies for the “endgame” have been suggested,

The stated strategy of WHO is to stop using OPV once eradica-
tion has been certified.?? WHO advisory groups are now delib-
erating on what the role of IPV should be post-eradication, It
is likely that at & mintmum, 1PV will be used in alt countries
that manufacture IPV, and it is also likely that IPV will be made
available to other counttles that wish to use it. What is more
cotitroversial is whether IPV will be recomrmended for all coun-
tries or If it will be left to individual countries to make thelr
own cholces, The risk for countries that do not uge IPV is the
potential for late recognition of a return of polioviruses. Since
so many infections are subclinical, by the time cases would
be tecognized, it could be very difficult to contain, particu.
larly if underlying population immunity s 0% among cohotts
born since the stoppage of OPV. This strategy involves simply
absetving for poliovirus circulation and for cases of poliovirus.
induced paralysis in the absence of vaccination and then rein-
troducing monovalent OPV to contain any outbreaks that are
detected 22432 Moreover, teports of immunosuppressed individ-
uals who excrete poliovirus for long periods of time®* raise the
specter of reintroduction of the virus.

A second strategy would be to continue OPV vaccination
while attempting to detect circulating wild poliovirus, but today
the difficulty would be in detecting the wild virus in a sea of
excreted attenuated viruses, some mutated toward virulenee and
some recombinants with other polioviruses. 2547 VAPP would
continue to ocour, so paralysis caused by polioviruses would not
he truly eradicated, Even more concern has been generated by
© the tealization that revertants of Sabin strains became epidemic
in Egypt, Haiti, the Dominiean Republic, Madagascar, China,

i
st

and the Philippines, ‘although with the exception of Nig‘éiia--'r--l
recently, most of these outbreaks were quite small regarding

+ the number of cases they caused 430329220 Op the other hand,
. the Nigerian outbreak of cVDPVs indicates the potential these

viruses have for regaining the full neurovirulence and transmis-
sibility characteristics of wild viruses,

A third strategy could be proposed, consisting of a grad-
ual swicch from OPV to combined pediattle vaccines con-
taining IPV leg, DTP/Hibthepatitis BAPV) as wild pollovirus
disappears from tnore and more countries. Vaceination with
IPV would facilitate the search for poliovituses in the environ-
ment, because screenitig would not be ehseured by OPV vaccine
straing and yet protection against polio would be maintained,
Such a strategy may be all the more valuable because it has been
calculated that, even after a 5-year perind without polio cases,
there is still a 0.1% to 1.0% probability of silent transmission,

Also, under active consideration, is simultanenus OPV/DYV
use in mass vaceination campaigns in high risk areas to max-
imize immunity induction per child contact. The issue ig
whether coverage with an injectable vaccine used under a cam.
paign mode can be high enough to get the improved population
immunity or whether decrease in coverage would outweigh any
benefits of Increased immiumlty of using both vaccines simulta.
neously. The potentlal role of IV in the tOPV-to-bOMV switch
under actlve consideration, because WPV2 seems to have been
etadicated, 1s worth mentioning, An advantage of IPV would be
providing continuing type 2 itmmunity to prevent re-emergence
of type 2 wild viruses or cVDPVe and in boosting Immnunity
against types 1 and 3, which could hasten eradiéation of those
two types,

The results of the IPV introduction program in the
Yogyakarta province in the Philippines in place since 2007
illustrates the impact of an OPV-to-IPV switch strategy. Since
the adoption of an 1PV stand-alone vaccine [with 2 341 reg-
men) in Septeraber 2007 in a population of 3,571,865 with an
aninual birch eohort of 52,723, no drop in vaceination coverage
tates during 4 consecutive years of follow up {termatned » 95%
has been observed. Envitonmental sampling (inbet sewage| con-
firmed the maintenance of absencs of WPV circulation, and &
very rapid decrease of isolated polioviruses with only 5 samples
with Sabin.like and no VDPVs (with the caveat that 24 months
out of the 55 month period of follow up were missed). Finally,
seroprevalence and dose 3:to-dose 4 serocorwersion survey

* done on 188 infants revealed 100% seroprutection post-dose 3

and increase In GMT from dose 3 to dose 4,

It is evident that high-income and many middle-income
courteries are already using or will soon switch to 1PV, principally
to avoid sporadic ot epidemic VAPP associated with the wse of
OPV, Some of the more affluent developing countries will also
avail themselves of IPV. In view of the possible use of poliovirus
a$ a biologle warfare weapon, many countries will continue to
use IPV even if eradication of wild vitus citculation Ig achieved, %
Developing countries may also be loathe to tisk resurgence of
polio if OPV immunization is stopped as a result of uncertain:
tles concerning persistent clrculation of wild or revertant vaccine
viruses in normal and immunosuppressed individuals, 32428

The principal arguments offered against conversion from
OPV to IPV in many low-income developing countries are cost,
crigin of vaccine supply, and decreased intestinal inimu pity, 33
To some extent the first two points are related because large pro-
duction volutnes reduce costs of manufactuting and of quality
controls and allow better planning, but put all the cards in the
hands of a limited number of players, So far, companies had
no incentive to produce more IPV. However the more cogent
Tesponse to cost is that TPV should not be used as a stand-alone
vaccine with the attendapegxpenses of separate administration,
but as part of & combindtiol vaccine instead.?* Combinations
containing IPV based ¢ 8
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truly affordable pentavalent or hexavalent combination probe
ably made on g whole-cell pertussis DTP backbone {assuming
that the pharmaceutical technical challenges around the effect
of preservatives in multidose presentations gre solved), If there
were a demand {remember the oft-stated desire to bring new
vaceines o the EPT schedule], the cost of IPY would be negli-
gible as part of such affordable D'TP-based combinations, But in
this context, the key driver for future IPY performance will be
the caverage rale achigved through routine immunization. The
guestipn of the value of the communisy protection induced by
1Y in a context of vacgination coverage rates ranging from 60%
to 80% still needs to be clarified. If the oniy way to raise this
vactination covesage would be through National Immunization
Days with OPY, then the added value of IPV usage might be
more difficult to prove, :

An annval production of between 200 and 300 million doses
of IPV is feasible in the inamediate future, To reduce the need for

:

7. Moniagnon BI, Fangec B, Nieolay AJ. The large-acale cultivation of Voro cells
in micro-earrier ewlture lor vipus produgtion: prefiminary results for kilted
peiiavirus vaceine, Dev Bipl Stand |981;47:85-64.

42, Dragnsky EM, Ivanov AR Wells VR, et al. Evaluasion of immunogenicity
ahil proteetive properties of inactivated poliovirus vaccines: a new sureogate
method fur predicting vaceine efficacy, | Infect Dig 2004;100:1404-12,

0. Rezpkin G, Nevergy A, Cherkasova B et al. Repertoire of antibodies against
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humans, Dev Biol Stand 1978,41:119-32,

69, Salk ], van Wezel AL, Stoeckel B et al, Thepretical and practical
considezations in the applicacion of killed peliovirus vaceing for the control
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a larger supply, the use of IPV in developing countries could be
targeted to countries or regions of countries surrounding areas
where poliovirus is supposedly eliminated; thus the appearance
of the virus could be recognized by isolation from excreta rather
than by outbreaks of paralysis.

Although OPV vaccination must be continued in countries
where wild-type polioviruses still circulate or in countries at
substantial rlsk of suffering from reintroduction of wild-type
polioviruses, other countries with high veccination coverage
and where there is an absent wild-type poliovirws circulation
or moderste reintroduction risks should consider switching
to sequential 1PV/QPV schedules or to [PV alone, Moreover,
countries that discontinue QPV after putative eradication of
wild poliovirus should consider adding [PV to their vaccination
schedules to protect thelr populations againse reintroduction of
polioviruses,
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1982;14:204-12.
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ImmumzmgAgentsand Allergenic Extracts

Steven P Gelor g;;"PH‘ar'm=D "

Immunizing agents and allergenic extracts ara twoof the main
groups of drugs that are classified ne biolagics by the Food and
Drug Administration (FDA), The properties of these agents are

sufficiently uniqua that they are under the sontrol of a separate

division of the FDA; 1, the Conter for Blologies Bvaluation and
Research (CBER) rather than the Center for Drug Evaluation
and Researeh (CDER), Thia s parhaps one of the things that has
confused many laymen and professionals alike into thinking
that blologienls ave not drugs. To the vontrary, they were tha
first group of drogs to fall under Federal Control and wers orlge
inally defined in the Publie Henlth Service Act of 1002, Moie

importantly, the biologies as a group and, mare specifically the -

active immunizing agents, have likely prevented mors morbid-
ity and mortality than all other drugs combined, Vaccine vge-
cine must be considered the most effective drug to date since it
has totally eradicated smallpox from our world, A similar sue-
cess for the poliomyelitis virus vaceines appears imminent,

Characteristics of Biologics

Biologics (Table 89-1) are drugs in every sense of the word it
they have unique characteristies that are helpful to review be-
fore considering tha specific groups and individual agents, To
be sure, none of the characteristies listed below is completely
unique to biclogies but, considered tagether, they describe what
make these drugs special when compared to what are called
conventional drugs for the purpose of this discussion,

1. Biologics are natural products. Virtually all of the drugs in this
group are derived from onee living organisma including man,
higher animals, plarits, and microovganisms, Although there may
ultimately be a few exceptions to this rule, even the so-called syn-
thetie proteing today are produced in living systems.

Biologics are velatively ernde produets by contemporary pharma-
ceutienl standards, Most of these products contain cells, Yssucs,
or even entire organisme. Even the relatively pure products that
contain no biological structural clements are often mixtures of
chemicals with varying degress of activity.

3. Tha active constituents of biologics are macromolecteien, proteins
and/or, less commonly, polysaccharidas, This is & partieularly im-
portant consideration with respect to formulation, administra-
tion, #nd pharmacokinetics,

Most biologics are standardized by bidassry, The doses of very
few af these produets enn be expregsed in the conventional units
of masa of active conatituent but vather are usually expressed in
unite of biological activity that are characteristic to the individual
agent, ’

Biologics ave immunogente, Conventional drugs with low niolecu-
lar weights can Induce immune responses by dcting ae haptens,
but thid Is a relatively uncemmon ocenrrence with most druga. Bi-
ologica virtually always contain complete imniunogens (proteins
and polysaccharides) thut are highly immunogenie by them-
Belvey, Even the ineredaingly common human or humanized pro-
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teins aroravely complately identicn] to their natural analogs and
are Usunlly more imMunogenic than conventional druge. There s
nothing more central to-understanding biologics than knowledge
of the principles of Immunolegy. )

8 Biolog&s hava some vary unigus haeards, Adverse tovie, idiosyse
erntfo and, aa noted above, altergie renctions gan eesur with bio:
logies na with other drugs. But some blologies conaist of liviag
microorganisny that actually infost the patient and, on odeasion,
iy aven be tranamitted to others, Bonte biologles carey n signil:
leant visk of microbial eontamination besause of thelr souroe. Cor-
teinly any product containing cells’ carrles-some risk of sarrying
a4 unknown biologieal contaminand, Thoss vaceines that are used
for mass [mmunization have & very unique ability te alter the spl
demialagieal patterns of disease that may have both advantages
and disadvaniages within a community,

IMMUNIZING AGENTS

Immunizing agents are among the oldest of modern drugs and
can be dated to the beginning of immunolegy in 1798 when Ed.
ward Jenner introduced his vaccine for smailpox. The active
immunizing agents are also, from virtuslly all perapectives, the
most successful and powarful drugs yet daveloped, First, their
main action s to prevent rather than to treat disesse; most of
tha commonly used agents are highly effective and several have
been singularly successful as noted earlier. Second, in spite-ofa
number of real and potential hazards, they have generally
‘proven to be remarkably sefe in actual practice. Finally, and
vory importantly, active immunizing agents are generally
available at a relatively low cost.

Passive immunizing agents date to the early part of the 20th
century following the discovery of antibodies. Various antitox-
ins derived from animals held an important place in therapy
prior to the development of antibiotics but these products, in
contrast to the vaceines, had a number of problems with respeet
to both efficncy and safety and for a numbet of years their util- -
ity waa guite limited. Presently, antibody preparations are
rapidly gaining prominence in therapeutics largely betaunse of
the following developments: availability of human immune
globulins; develepment of intravencus dosage forms; mono-
cional antibody (MAD) technology: and the ability to prepare
humanized MAbs.

Immunity
Immuynity in the broadest sense may be defined simply as in-

‘born or acquired resistance to disense and necessarily involves
all of what may eollectively be called the host defenses (Fig 88-

1), It is conimon practiga

o restrict immunity and related terma
4e resistyard iy denate. thoss that are
N\and ene will sas the

MLP. 15,48




Table 89-1, Biologicals®

Active Immunizing Agents (Vaccines)
Allargenic Extracts
Biologlcal Response Modifiers (Cytokines)
Blpod and Bicod Derlvatives
Cellular Therspies
Diagnostic Praducts
In vitro aptibedies and antigens
In vivo diagnostic skin test antigens
Enzymes and Yenoms =
Fassive Immunizing Agants {Antibody Products)

7 Progucts considerad in this chapter ara Indicated In bold
type. Consult Fstablishments and Products Licensed under
Sactinn 351 of the Public Health Services Act at the FDA Web -
site (hitp:thargw.fda,oqv] for 8 complete List of currently

ficensed biglogics,

tarms used in a variety of different contexts, What is most im-
porlant Lo understand is that much of the terminology of im-
munclogy is context-based, and the observer must be caveful in
trying to-apply rigid definitions,

Immunizing agents are broadly classified on the basis of
the typs of immunity that they induce and knowing the prop-
griiog of the different types of immunity is fundamental 1o
the undevstanding of lmmuniging -agents and their applica-
tions, Aetive immunity is 8 form of acquired {mmunity that
devslops in an individual in response to an immunaogan, This
may he naturally acquired by exposure to an infectious dis-
gase or artificially acquired by reeeiving active immunizing
agents (vaceines), The term vaccination is used a8 & synonym
for active imumunization. There is a lag time of several days
after first exposure to an immunogen and protective levels of
immunity are typieally not achieved for 1 to 2 weekas, Because
of the phenomenon of immunologic memory, second and sub-
sequent exposures to the same immunogen usually result in
fuster and strongér vesponses, However, it i important fo
recognize that immunelogie memory is not infinite and will
wane in the absence of periodic booster doses of the im-
munogen, .

Passive immunity involves the transfer of the effectors of
immunity, usually the specialized molecules called im-
munoglchuling or antibedies, from an immune individual to
another, This ccours naturally by the active transport across
the placenial barrier of IgG antibodies from mother to fetus
and, to o lessor extent, by the transfer of slgA antibodies in
the inother's milk, Passive immunizing agents include those
derived from humans (homelogous) or other higher animals
{heterologous), The onset of passive immunily is nuch
quicker, but the duration is much shorter because there is no
active immune responge to the immunogen and thus no mens-
ory. Immunoglobulins, especially if derived from foreign
sources, are highly immunogenic proteins and may slicic an
active immune response that is the basis for serum sickness
and other allergic reactions,

Hott Pafenies
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ACTIVE IMMUNIZING AGENTS

Active immunizing agents are immunogenie drugs thal are
usually administered to a patient prior ta their being exposed
to a disease with the intention of providing long-term, even
permanent, protection against the disease. Often there is the
sscondary goal of preventing the patient from serving as a
rosepvolr and thorshy transmitter of the discase. Actlve im-
munization can eonceivably and, perhaps, one day will be used
for a variety of conditions vanging from cancer to druy abuse,
But all of the cwirently available active immunizing agents
{Tables 89-2-89-5) are employad in the control of infectious
disesse and the discussion of these agents s reatricted to thia
perspective,

Types of Products

Vaccine may be defined ns pharmacsutier] suspensian oy solu-
tion of an remunoegenic substanca or compeund(s) that & in-
tended to induce aetive iminunity. In the paat it was common to
limit the term to products that contained whole microorgan-
ising; but teday the term may be applled to all active immuniz-
ing agents and the process of active immunization in called
vaccinetion,

The majority of vaccines still conalst of entire microorgan-
jams that may be either inactivated (killed) or live alteny
ated, Attenuated refers to strains of yrganisms that have a
reduced disease-causing capacity but that retain the major
Immunogenic characteristics of the so-valled wild strains
that cireulate in the community. It can be seen that viruses
comprise most of the live attenuated vaccines while most of
tha bacterial vaceines contain killed bacteria or their compoe-
nents, Tt is-important to understand that the live vaecines
contain less immunogen than the killed and must actually
cause un infection and replicate withiu the patient in ovder to
induce a protective immune response. In evaluating a vac-
cine, the first two things that should be Jooked at are (1) the
identity of the immunogen(s), ie, the diseasa(s) protected
against, and (2) whether the product contains live or inacti-
vated immunogen.

Toxolds. ave protein toxing that have been modified {og, by
treatment with formalin) to reduce the toxielty without signifls
cantly altering the immunogenicity, Two of ths oldest and best
known active immunizing agents are diphtheria tixold and
tetanus toxold that protect against the baeteria exotoxins elab-
orated. by Corynebacterium diphtheriae and Clostridinm tetani,
respeatively,

Better methods of producing and purifying macromolecules
in recent years have led to signifieant advances in the pro-
duction of vaccines containing more highly purified com.
pounds that represent important virulence factors of the
micrporganisms, The antiphagocytic capsular polysaccharides
of Hemaphilus influenzae type b, Straptococeus pneunioniae,
and Neisserig meningitidia have een wsed to propare effbetive
vaceines ggainst these important bacterial pathogens, The
hepatitis B virus vaceine is the first to be preduced by recom-
binant technolegy and containg a synthetic protein that has
immunogenic epitopes of the hepatitis B surface antigen. Sov.
eral acellular pertussls vaceines have heen licensed and are
expected wltimately to veplace the killed whole cell vaccine of
Bordetella pertussis,

The produgts described above are formulated as aqueous
suspensions.or lyophilized powders for reconstitution. In some
casos the antigen Liag been adsorbed on an adjuvant (eg, alum
gr aluminmn hydroxide) that enhance the immune response,
probably by delaying absorption and prolonging the perlad of
immunogenic stimulation, The diphtheria and tetanus foxoids
and portusais vaecine (OTP) are adsorbed in the vast majority
of the products in which they vccur, and this is so noted on the
Jabel; products containing no adjuvants are commenly referred
t ag fluid preparations.

" 51n30V 1&&131(1;%7.
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Table 39-2, Bactarlfal Vaccinas?

VACCINE

DISTRIBUTCR

Live Attenuated Vaccines
Bacillus Calmette Guérin (BCG) Vaccine
Mycobax- : o
Tice BCG :
Typhold Vaccine, Liva, Oral
Vivotif Berna
inactivated Vaccines
Anthrax-VaccineAdsarbed
Cholera Vaccine
Hemaphilus Influenza Type 8
Conjugate Vaccines
ActHIB (Tetanus toxold conjugate)
HIbTITER (Diphtherla CRMygy conjugate)
PedvaxHig (Meningococcal Protein Conjugate)
Lyme Disease Vaccine LYMErix
Meningococcal Polysaccharide Vaccine,
Groups A, C, Y, and W»135
Menomune-AICIYIW-135
Pertussis Vaccine, Adsorbed ‘
Pneumococcal Conjugate Vaceine, 7-Valent Prevnar
Pneumococcal Vaccine, 23-Valent
Preumovsx-23
Ppumune-23
Tatanus Toxold, Adsorbed
Massachusettes Publle Hesith Blologic Lab
Ta Anatoxal Berna
Y Typhaid Vi Capsular Polysaccharide Vaceing
o Typhim Vi -
Typhoid Vacelnes, Inaetivated -
Typhotd Vactine, live-oral

ADMINISTRATIONS

PC
Aventis Pasteur
Organon Technlka intravasical
Berna Products Oral
BioPort Corporation 14
Wyeth 1D, 8¢, 1M

: LM

Aventls Pastaur
Wyeth
Merck
Marck

SCorlet
Aventis Pasteur )
Michigan Biclogi¢ Products Inst M
Wyeth

SCorIM
Marek
Wyaeth
Aventls Pasteur
IM or Jet
Berna Frodcts

iM

. Aventis Pasteur
Wyeth §¢
Berna Biothech, Ltd,

#The terms live-and inactivated (Killed) ate omitted from some of the names In this table but will appear 1 the officis] narme of the

Erodud on the labal. :

Routes of administration include intradermal {ID), Intramuscular (IM}, percutanesus (PC), subcutanecus {56) and Jet injectar,

“Table 85-3, Combined Bacterial Vaccines?

Table 89-4. Live Attenuated Virus Vacelnes®

VACEINE

Diphtheria and Tetanus Toxeids and
Whole-Cell Partussis Vacelng (DTwP
Tritmmunol :

Diphtheria and Tatanus Texoids and
Acellular Pertussis Vaccine (DTaP}
Acel-imuna Wyath-Laderla
Infanrix GSK
Tripedia Aventis Pasteur

— Diphtheria and Tetanus Toxolds,
Adsorbed, for Pediatric
Use (DT}

Aventis Pasteur

Wyeth

Diphtheria and Tetanus Taxolds,
Adsorbed, for Adult
Use (Td)

Aventis Pasteur

Massachussettes Publi¢ Health
Biologic Lah

HIB Conjugate Vactine and
Hepatitis B Virus Vaccine
{omvax

DISTRIBUTOR
Aventls Pastaur

Wyeth-Lederle

Blogine Sclave

Biocine Sclave

Merek

1 The term Inactivated {Killed) is ornitted from some of the names in this
table but will appear in the official name. of the product on the label, All
products [n this table are administered by the intramuseular routs except
for the Mixed Respiratory Vacelne that is administered subicutaneously,
Hepatitls B 15 a virus not a bacterial vaccine,

VACCINE OISTRIBUTOR ADMINISTRATION®
Influenza Virus Vatcine :

Flutist Medimmune IN
Measlas Virus Vacting

Attenuvax Merek §C or Jat
Mumps Virus Vaccina,

Mumpsvax Merck SCor et
Pollovirus Vaccine,

Oral Trivalent

Poliovax Aventls Pasteur
Rubella Viris Vaccine

Meruvax If Marck SCorlet
Smallpox Vaccine
Dryvax Wyath/Dob Be
Varicella Virus Vaccine

Varivax Merck 5C
Yellow Fever Virus Vaccineg®

YF-Vax Aventls Pasteur  5C
Combination Vaceines
MMR Virus Vaccines .

M-M-R I ‘Merck $C or Jat
Meastes and Rubella

Virus Vaccines

M-R Vax If Merck SC or Jet

* The term live Is omitted from the names in this table but wil appearin

the official name of the product on the label,

 Routes of administration intlude percutaneous (PC), subcutaneous (5C),

Intranasal {IN) and Jet Injector..

< Distribution Is limited to designated Yellow Fever Vaccination Centers

authorized by state health departfients tolssue ye ertartificates of

vaceination, .

oAESAL -
Varip Betiaida Befay
Farmaceutics

pmgigiors TS

7.



Table 89-5, inactivated Virus Vaceines?

CHAPTER 88: IMMUNIZING AGENTS AND ALLERGENIC EXTRALTS

ADMINISTRATION®

1603

YACCINE DISTRIBUTOR
Hepatitis. A Maccine )
Havrix GSK IM or Jet
Vagta Marck
Hepatitis B Vaccing
Engerix-8 65K ™
Recombivax-Ha Merck
Hepatitis A and Hepatitis B sombination vaccine
Twinrix ‘ GsK M
influanza Virys Vaecines, Trivalent Types A & 8 IM or fet
Fiuvirin (Purified surface antigen} Evans Vaccines
Fiuzone (Subvirion or whale-virion) Aventls Pasteur
lapanese Eneaphalitis Vaccing
JE-Vax Aventis Pasteur 5C
Roliovirus Vaccing, Inactivated _
ipoi Aventis Pasteur 5C
Rabias Virus Vacging Biopart M
imovax Rabies (Human diploid cell) Aventis Pasteur M or 1D
RabAvert (Purified chicken embryo call) Chirgn Behring GmbH and Co M

% The term Inactivated (Killed) is omitted from some of the names in this table but will appear in the official name of the product on

the labed,

® Routes of adminlstration include intradermal {ID), Intramuscular {IM), subcutaneous {SC) and Jet injector,

A simple vaceine 18 ane that protects against a single disease
whereas p combined paceine is, g the name implies, a combi-
nation product that protects against two or more diseases {cp,
Tables 89-3 and 89-4), This should not be confused with the va-
fency of a vaceing that refers to the number of straing of an or-
gunism causing a single disease,

Virgually all of the information deseribed abové is found in
the official name of the product {Tables 89-2-88-5), This name
provides a guide to moat of the important infermation that one
nieds to knpw about any vaccine,

storage, Handling, and Administration

It Is common practice to agsume that when a vaceine is admin-
istered that the patient s immunized and generally no mea-
asures are taken to confirm this (eg, sevological confirmation of
antibody formation). The validity of thiz assumption depends in
large maasure upan the vacelng belog properly stored, handled,
and administered, Anyone administering vaceines, and this is
jncreasingly including the pharmacist, should be familiar with
the Géaneral Recommendations on Immunization published by
CDC.

The immunogens-in vaccines are susceptible to alteration or
inactivation by heat, freezing, and extremes of pH and care
should be taken to store and reconstitute the products within
the labeled limits, Moat vaceines should be stored at refrigera-
tor temperatures (2-8 *C) but a few are frozen {eg, varicella vacs
cine) and some for fleld use may not require refrigeration,
Unless designed to do g0, vaceines should naver be mixed with
each other or with other drugs,

The route of administration can have a profound effact on
the guantity and quality of the immune response. The majority
of vaceines are still administerad by a parenteral route (Tables
31-2-86:5), Adjuvant products and killed bacterial vacsines are
wnually administered by intramuseular injection; subcuteneous
injection wsually provides an imumune response but often re-
sults in 8 painful sterile oyst at the injection site. Live virus vae.
¢inea ave usually administered by subeutaneous injection. A
few vaceines are administered by intradermal injection {eg, ty-
phoid, some rabies vaccines) and multiple puncture techniques
(eg, BCG, vaccinia), Jet injectors may be used with soms prod-
ucts to expadite the vaceinatlon of large numbers of people,
Vaccinge should never be administered intravasecularly sinee
this is bath less effective and results in more adverse reactions,

The quantity of immunogen in a vaceine is determined by a
bioassay and axpressed in units that are nearly always unique

to that immunogen; a notable exception is those vaccines that
econtain purified microbial components that are expressed in
meg. Parenteral vaccines are typically administered in valumes
of 0.1ta 1 mL with 0.5 mL being the most common. It should be
noted that the products from different manufacturers donot al-
ways contain completely identical immurogens and some may
have different dosage regimens (cp, Hemophilus influenzae
type b vaccines), When multiple vaccines are available, the best
practice is to.complete an immunization series with the same
vaccine, Howevar, in those cases whers this is not pessible, it is
generaily better to use a different vaceine than te not vaccinate,

A distinction needs to be made between the multiple doses
in a primary immunization series.and booster doses of a vaccine,
Primary immunization series are designed to-assure that most
if not all of those vaccinated will elicit a positive immune re-
sponse, For example, if the efficacy of a single dose of & vaccine
is 80%, a primary series of 3 doses would be expected to immu.
nize most of the vaceinees, Primary series are espacially impor-
tant in pediatric immunizations sinee very young children may
fail to respond because of underdevelopad immune systems
(< 2 yeara of agn) and/or interference by maternal antibodies
(< 6 months of age).

A true booster dose of a vaccine ig intended to enhance im-
munity in an immunized individual. In this respect, it ia im-
portant to recognize that immunologic memory is not infinite in
duration in spite of the apparent life long immunity imparted
by either vaccination or having a disease. Immunity may be
hoosted following primary immunization by exposure to the
natural diseass, exposure to cress-reacting antigens or nonspe.
¢ific activation during another immune response by the so-

“called bystander effect. The firat of these is probably moat

impertant, and it follows that any mags immunization program
that reduces the prevalence of a disenss also reduces the op-
portunity for natural booaters. Most of the mass inymunization
procedures have not been in effect long enough to completely
gvaluate if this is & problem, but it's clear from the experience
with diphtherin immunization that immunity can wane with
age in the absenee of booster deses of vaceine:

Efficacy

The effectivenaes of a vageine van be measured in sevaral ways,
Serological responses, such ag the nppearance of newtralising
antibody in the serum, are mest easily measuyed and sre often
used as an indication of immunity, However, in many diseases
cell-mediated immunity or local mucosal {mmunity are more
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important; these are not roflected by serum antthody titers and
are generally more difficult to evaluate; The degres of clinical
proteetion afforded a vaecinated population against a disease is
a better measure of product efficacy but, even when high; does
not askure immunity in an individual patient, Both measures of
efficacy will be found in product literature, and the pharmacist
should be rware of the limitations of each.

Generally spenking, live vaccines provide better immunity
than killed, and the naiural route of administration is even bet-
ter (eg, mucosal administration versus parenteral). Experience
with the poliovirus vaccines® fllustrate this well. The inacti.
vated peliovirus vaceines pravide an excellent antibody re-
sponso that protects well agninst systemic disense but produce
little local immunity in the gut that is nucessary to prevent in-
fection and transmigsion of the wild virus. The live, oral po-
lioviruy vaccines provide excellent antibody and esll-mediated
immunity bath systemieally and loeally in the gut. The live in-
transal influenza virus vaceine licensed in 2000 reflects this
trend in vaceine development. :

It is impractieal and probably even unwise to try to develap
a vaeeing for every infoctivus diseass, Most of the common aeute
infections disenses are not serious enough to warrant the
expense or riskd of vascination aven if it may be effective, The
etnphasis until recently has been to develop vaceines for those
digeases that esnnot be adsquately eontrofled by other menns
{og, virus, toxigenie bacteria) und/or are sorjous enough to
merit the invesiment, eapeelally whon viewed from the pers
speetive of pablic health, Bomie of the newer vaceines have been
/" ivectod against baeterinl diseases that have elassically been
managed with anti<dnfective therapy. The impetus for this di-
rection has been twofold: recognition that anti-infectives agents
do not provide complete control for infectious dizenses and ad-
vances in molsenlar science that have permitted developnient
of microbial component vaccines, :

Just as live vaccines are more effective than killed, those
vaceines that ars directed agninst specifiec virulence factors of
the pathogen are often better than those containing the entirg
killed organism. Thig principle applies to diphtheria and
tetanus toxeids, which have been used very effectively for more
than 50 years as well as newer vaceines for pertussis (cp, whole
cell versua acellular vaceines) and typhoid (ep, killed whale cell
versus live attenuated versus toxoid),

The capsular polysaccharide vaccines are an important ad-
vanee i the microbial component vaccines and alzo [Huatrate
the affect of age and several ather factors on efficacy, The orig-
inal Hemophilus influsnzue type b vaceinos were poorly effee:
tive in children under 2 years of age, as are the unconjugated
preumococen! and meningoeoeeal vaceines (Table 89+2), Among
severn) explanations for this is the faét that polysaccharides oft
ten induce a thymicsindependent immune response {Chapter
80) that results in atypical antibody production (primarily IghD
and little or no memary, especially in the very young. Conjugn.

" tion of the polysaccharides to protein carriers have resulted in

Hemuphilus influenzae type b vaccines that are very effsctive in
voung childeen and a conjugated pneumodoccal vaccine was ve-
teased in February, 2000,

Most vaccines are administered with the goal of inducing
immunity and protecting the individual patient. Vaceines for
conununicable disease arn often employed with the important
objuctive of publis health to break the transmission of the dis-
erse and thereby protéct the unvaccinated, 'This piotection of
the unvaccinated by the vaccinated is cailed herd immunity and
represents one of the finest achievement of health acience,

The principle of herd immunity is simpla. If the immunity
agquirad by an individusl can prevent colonization by the
pathogen ne well as protection agdinat disense, the chain of
transmission of the digense within the community ean be bros
ken. The leval of immunization required to completely stop
transmission and eliminate the disease from a eommunity s di-
toetly related to the eommunicnbility of the disease; disenses
with high communicability rates like measles require much
higher levals of immunization to provide effective herd immu-

' nity. Effective herd immunity against a disease ia the resiltof

& concerted publie health offurt {eg, mass active immunization

- campaigns) with which all health professionals should ecoper-

ate. It is also important to remember-that thereis no herd im-
munity established against a noncommunicable disease such as
tetanus; in such cases it 1s essential for sach individual to ke
immunized. '

The poliomyelitis vaccines described above are an excellent
oxample of how the effectiveness of herd immunity can vary
with product formulation. Rubella (German measles) is an ex-
ample of where the major goal of the mass immunization affort

-i8 the establishment of herd immunity, This & & relatively miid

tisease in both children and adults but ean be devastating if
contracted in fetal lifs. And beeauss rubella {8 not nearly as
communicable as measles, a gignificant proportion (~15%) of
women of child-bearing age remain susceptible to the disensa in
the absenee of any preventative measures. These susceptible
women and thereby their unborn children are protected {rom
tubella by the herd immunity resulting from the vaceination of
normal children, the major reservolr of the disease.

Perhaps the greatest henefit of herd immunity ia the poter
tial to eradicate tertain disenses through masgs active immus
nization, Candidate diseases for eradication must meet the
following criterin: be eommunicable and susceptible to hevrd im-
munity; have one, ot at most a few, antlgenically stable atraing
man must be the only natural reservolr of infaction; and theve
must be an effective vaccine and delivery system for 8 mass
immunization program. Dieeases like influenza with its
propensity for antigenic change and rabiea with many animal
reservolrs are poor candidates for eradication. On the other
hand, the World Health Qrganization (WHO) declared small-
pox eradicated in 1980 and the goal has been vstablished te
eradicate poliomyelitis virus by the year 2010; there has not
been a cage of wild virus poliomyelitis in the Americas sinea
1991, Measles, mumps, and rubells also have been identifiod s
targets for eradieation.?

The history of meastes immunization® provides great insight
for anyone interested in a study of the problems encountered in
the development of an effective vaccine and vaccination proce.
dures. Several problems were encountered with the original
killed vaceine including the oceurrence of atypieal disease in
some patients that was likely due to immune complex disense,
One of the early live vaceines was poorly attenuated and often
administered concurrently with immune glebulin that may
have interferad with the immune response. The live vaccines
wota originally given at ot before 1 year of age, and there ap-
peared to be vaccine failures due to the underdeveloped im-
mune system and/or interference from maternal antibadies.
The imnunization programs originally appeared to be very sues
cessful for there were dramatic decreases in the incidence of
measles, but after a time there were many reports of mosasles
outbreaks in older children and young adults whe had hees pre-
viously vaccinated. It will probably never been certain how
much ench of the factore of the high communicabllity of
measles, declining immunity in the absence of natural disease,
inadequate vaceine design, and poorly designed immunization
procedures has contributed to the overall problem of controlling
measles..

Indications and Uses

The Indications and recommendations for the uss of vaceines
arise from several sources. The FDA approves the indieations
for each licensed product o the basia of eufoty and effiency as
with other drugs. The Advisory Commitiee on Immunization
Practices (ACIP) of the US Public Health Service (PHS) makes
recommendations for both mass and selective immunisation

programs that impact public health. The consolidated recom.-

mendations of the ACIP/American Academy of Pediatries
(AAPY, and Ameriean Acddemy\of Family Practice (AAFP) are
published in Merbidity dnd Mortalit
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aoeessad at the CDC Web site (htipiiwww,edegovinip/de-
fauit.htm), All GO states have school immunization laws, many
also covering day-care centers, which raquive all or most of the
pediatric immunizations listed in Table 89-6; detailed informa.
{ion on these laws may be obtained from state health depart-
ments, but exemptione are usually permitted for medieal and
religlous reasons,

A convenient way to classify active immunization proce-
dures is as foilows: rontine pediatric immunizations (with an
sdolegcent follows-up evaluation); routine adult immunizations;
routine geriatrie Immunizations; and selactive immunizations,

ROUTINE PEDIATRIC IMMUNIZATIONS—The ACIP
eurrently recommends that a)l normal children be iimmunized
sgainst 8 infectious diseases and for hepatitus A in areas of
high incidence (Table 88-6). Pediatrie immunization remaina
ana of the most important public health measures in this coun-
{ry, and svery pharmacist should be able te discuss these dis-
eases, vaceines, and immunization procedures with patients,

Simultaneous Immunization for diphtheria, tetonus, and
pertussis (DTP) has been routine in the US sinca the late 1040s
and has resulied in dramatie reduetions in the ncldence of all of
these diseases, Diphtheria was a common childhood disease,
and there were more than 200,000 cases in 1921 with 10,000
deaths; eurrently theve only a faw annual cases of vespirafory
diphtheria reported, and these are nearly always in adults,
Tetanus is now mainly o disease of older adults in this country,
and several dozon cases ure reported each year, There are per-
haps a million annual cases in the world with 4 case-fatality rate
of 0% o B0%, and mare than half of these are neonatal tetanus
asgyeiated with an infected umbilicus; maternal immunization
and sanitary deliveries effectively control negnatal tetanus,

Parcussie (whooping cough) was a majoy eause of childhood
mertality during the first half of the 20th century when typi
cally there were more than 200,000 cases a year in the US with
OO0 to 10,000 deaths, Tha disease is mainly a problem in the
vary young with 50% to 70% of the deaths accurring in those un-
der 1 year of age, which i3 the main reason for starting DTP ad-

ministrations at 2 months of age; immunization for pertussisis

nat recommended after 6 years of age. The incidence of pertus-
sig was veduced to lage than 2000 cases in 1980 but has gradu-
ally increased to more than 7000 cases in recent years, There
has, over the years, been controversy over the safety of pertus-
sig vaccines, but there is absolutely no question that the bene-
fitg far outweigh the risks. Health professionals need to be
aware of the dangers of apathy due to the low prevalende of dis-
case and exaggerated concernd about the hazards of immuniza-
won, 1t is abeolutely essential to maintain the currently high
immunization vates for DTP (about 90%) or these diseases will
gmerge again,

Hemophilus influgnzae type b (Hib) was the leading cause of
invasive bacterial disease (eg, meningitis) among children untl

pediatrie immunization was introduced in 1988, The importance

of the conjugated vaccines was deacribed above, and it ie hoped
that similarly effective vaccines can be developed for pneumo.
voecal and meningoeoceal infeotions. It ahould be kept it mind
that commen noninvasive Hemeophilug influenzae infections (eg,
otitis media)are generally caused by nontypable straing, and Hib
vaceing does not protect againet these infections,

In 1952, shortly before the advent of polio immunization,
there were 57,000 cases (about 40% paralytic) and 3,100
deaths in the US, The Salk inactivated vaccing was intro-
duced in 1954 and the Sabin live vacelne in 1961; there has
been no poliomyelitis in the Americas in recent years except
far vacoine-aszeclated disease and a few importation vases,
The use of the live ora} vaccine has always been controversial
beeause of the vaceing-associated disease that ocours in smell
numbers of vacginess and susceptible contacts, Because of the
progress towsrd the global eradication of polio, the ACIP
changed its recommendation from the use of OPV to [PV only
{Table 83-6},

Meaalas, mumps, and rubella (German measles) ave three
important virus diseases that potentially can be eradicated by
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mass active immunization, The first measles véeclne was i
censed in 1963, and individual vaeeines for the others were

-available shortly thereafter, The combined vaccine (MMR) was

Jicenged in 1971 and hae besn recommended for routine immu-
nlzations sinee 1877, In the tlme since the individual vacelnes
appeared the incidence of measles, mumps, and rubella has de-
elinad mare than 99%. Soma of the problema with measles vae-
cination werg mentloned earlier; and the recent emphasis has
been on assuring that all children veceive a second doge of
MMR, In spite of much publicity, there are slill many miscen-
ceptions about these diseases, An estimated 2 million children
around the world die each year from measles, and many others
have permanent neurclogical sequelas that may not be vecog-
nized as a consequance of the disease (og, hearing and/or sight
losa). Although generally not as serious, neurclogical problems
alsomay occur with mumyps, but many worry moré about steril-
ity that rarely occurs, Congeniial rubella syndroine hag virtu-
ally disappeared in this country beeause of the vaceination, The
way to cuntinue to control all of these diseases is by continued
compliange with the immunization program,.

Hepatitis B infection i3 a major worldwide health problem
with many facets including acute und chronie disease, liver fail-
ure and cirrhosis, hepatic carcinoma, and chronic earriers. Dis-
easein newhorns is usually asymptomatic, but wore than 50% of
those infected will become chironic varriers. Neonates burn to
mothers who are positive for the hepatitis B surface antigen (HB-
sAp) should be immunized immediately both with the vaecine
and hepatitis B immune globulin, The first hepatitis B vaccine
was prepared from plasma-derived HBsAg and licensed in 1981,
Recembinant proteing reflecting the immunogenicity of HBsAg
are used in the current vaceines that have bean recommended for
the universal immunization of infants since 1681, Vaceination
provides a high level of protection against both hepatitis B and
hepatitis D, which requives the hepatitis B coat to bacome infec-
tlous, but it is too early to evaluate the complate impact of the im-
musnization program on the epidemiology of the disease. -

Varicella (chickenpox) is n highly communicable disease that
is generally benign but sometimes may be-accompanied by se-
rious complications (eg, bacterial superinfection, encephalitia);
the disease 18 more serious in adults and particularly in the im-
munodeficient whers it can cause devastating disease. After
thie primary infection the variceila-zoster vivus lies dormant in
sensary nerve raots and may, in 10% to 20% of those who had
chickenpox, be reactivated to cause Herpes zoster (shingles).
The varicella vaccine was licensed in 1995 and appears to be
very effective in protecting against chickenpox but it is much
too early to completely evaluate the impact of the immunization
program on the epidemiology of varicella-zoster,

Rotaviruses are the major cause of severe dehydrating diar-
vhea In infants and children in both developed and other na.
tiona. There are approximately 40 to 50 deaths each year in thia
country and significant costs associated with troating rotavirus
diarrhea, Immunization was expected to reduce these costs
subatantially, but the vaccine was withdrawn {rom the market
due to reparted eases of bowel abstruction,

Hepatitus A vaceination is recommended by ACIP for chil-
dren residing in communities with annual infection vates of 20
cases per 100,000 or higher. Routine immunization is sug-
gested where the rate is 10-20 cases per 100,000,

IMMUNIZATION OF ADOLESCENTS—Vaccination
programs in the US have focused upon infants and childven but
many adolescents (age 11~21) experience vaceing-preventable
diseasen bacaune the vaceing was not available when they were
youngey, failure to comply with the ACIP recommendations, or
the presence of chronle disenses, which makes them candidates
for cartain selective immunization. Additlonally, adolescence is
a time of new infectious risks for many because of travel, ex
perimentation with drugs, sexual activity, and starting work or
& hobby, The ACIP, AAP, AAFP, and AMA now recommend a
routine visit to bealth-care providers at age 11 to 12 years,
which emphagizes the soreening for immunization deficienciea
and administration of indicated vaccines.®
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Table 89-6. Routine Padiatric Immunization

Recommended Childhood and
Schedule — United States

Adolescent Immunization

RErv - o e "
n 3 4 N 0i9s5en 2RMan!

January -~ June 2004

, Ager , .
Vaccine,, D™ | Birth | 1mo | Zma | 4mo | emo | 12mo | 1amo | 18ma | 24mo | 46y | 12y ‘ 1+18y
FHARE BT aniy matns Hivkg 117
Hepatitis B -
e s ore | ra
Haemophilus
influenzae Type b Wi | - Hib
Inactlveted Poilovirus Iy v
Meastns, Mumps,
Rubatixé
Varlcella®
Proumacocsal POV | PSV | pov |
posanamescans Vagtines below his Hna ata fof solacted papdstions ==ea=s
Hapalitis A?
Influenzas
TH3 S6Rothils inticaies TRe A commnad ages fof ToUE® admAIToN of Urelly les nesd SHTdRosd vaecies. 51 o Deosmber 1 S0 Tor shidien: fhreughags 18 yore.

Aty dosa tot glven at the recommandsd age should bs glven at siy subsetuoril visit whan indicated and feasible,

S Indicalsa aga greups that warsant spuciel effar! s

Gamlnisiar thona wacedries hot praviously given, Additianal vacclnas may be licensed and recommandsd dising the year; Licahasd combinatian vadeinas may ba uged
whenaevar any componanis of the combination are Indicalsd and the vaseing's othar components ara nal cantralviticstad. Brovidars should sonsull the mahulsatuess' pankags
inseris for detalled recomninadations, Clineally significant adveras svenls fhal fallow lmmunization should ba reported 1o the Vaceine Adveras Event Paparing Syslem
(VAERB), Chuldancs abeutiew ls eblaln ard compiats 8 VAERS form oan be found en tha Internal! itk iww.vaars. gl oF by cslling 1<800-829:7047,

1. Hepetitis B (HapB) vaccing. Al Infarts should receive tha fral dose of
hapatilis B vatcing scon after rih ard bafors hospital discherge; the first dose may
alsa ba glvan by age 2 manths if the Infant's mether |8 hepatitis B surlace antigan
(HBsAg) negative, Oty monavalant Heph can be used for tha birth dose. Montvaten]
or cambination vaceina conlaining Hepl maybe used to somplets the sarles. Four
doaes of vaccine mayba adminlstarad when a bink dose is given, The sscond dosa
should ba glvan at least 4 waaks sftet the First dosms, axcept for comblnation wecines
whigh cannot ba adminlalersd befora age & wesks. The \hird dose should be glvenat
least 18 weaka afiar tha firsl doss and at loast 8 wéeka aflesthe necond doss. The last
duss ir the vadeination seriss ((kird or foutth dose) should not be adiminkilersd batore
ags 24 weaks. .

fanks o HisAgpositiva mothers should racsive HapB and 0.5 mL of
Hepalllls B Immnne Globulin (HBIG) within 12 hows of birth al separate sites, The
satand dase 18 recomimendad at age 1 a2 monlbe. Thalag dose in the immunization
garias should nol b administered befors ags 24 weaks, Thasa Infante sheuld be
leatad far HBsAg and antibody to HB8Ag (anti-HBa) at age © o 15 manths.

Infmnty borm le whose HBsAg stalus Is unknown should receive the first
dode of the HepB gsrias within 12 houra of birth. Maternal blood should be drawn as
Boon 88 ponaible lo detarming the mother's HBaAg atatus; If Ike HBsAg lesl (s posillve,
ihe infant should recelve HBIG a¢ saon & possitis {no lalat than age t weak), The
sscond doss s tecammanded at age 1 to 2 monthe, Thelaat doas In the immunization
sorles shoukl not be adminisiered bufore aga 24 weeks.

2, Diphtheria and tetanus toxalds snd aceliular portussls [DTaP)
vatcing, Tre [ourth dose of DTaP may ba administsred as sarlyaa age 12 moniha,
providad 8 montha have alapsed since tha thind deas and the child s untikely to raturn
alaga 151018 months, The final dosa In tha seties shatid ba ghen at ags 24 years.
Tatanus and diphthatls toxoids {Td) I8 recommanded al aga 11 lo 12 ysars if a]
lonat 5 ymara have alapsed sinoe sa lasl dose of ietarus and diphthatis loxolds
conlaining vatcine, Subssauent reuline Td boosters aze recommanded svery 10
years,

3, Haemophilus Inflnenzae typa b (Hib) conjugate vaccine. Thees Hib
tanjugate vacalnes ats llcansed for infent use. I PRP-GOMP (PadvexHIB of ComVax
|Marek]) e adenintatarad at syas 2 and 4 months, & dose al age 8 Matths it ot
tagquired, D TaP/Hib combination prodiicla should not be Used for primaryimrminization
I infarts &l agen 2, 4 o 8 inonthe but can bs ussd aa boosturs follewing ary Hib
vagelng, The final doe in (he sativs ahould bae given at aga 212 manlha,

4, Measles, mumps, and rubells vaccine (MMR), The sasand dose of MVA 15
tstornmended toutinely at age d to 8 years bul may be administered during eny Jsit,
pronddaed atleast 4 waeks have slapsed ainoa tha first dose shd bath dosws sre
administorad baginning at or aflar age 12 manths. Thase wha have notpresviously
received the sacond dose should complate the schedule by Ihe 11=to 12-yawr-cld visil.

5, Varicella vaccing, Varicalla vaseina is recommaendad ai any visil at or after age
12 menths for susceptible chdren {i.a., thoss wha lack & reliabia history of chitkenpox),
Susceptible patacha age 213 years ahould recelvs 2 dosen, given sl fasst 4 wesks
apart.

8. Prisumacoseal vaceing, The haptavalsnt pretimeesasal eonjugats vacalne
{PGV) is recommianided for sl ahidran age 2 16 23 months. % Ia else recsmmendsd lor
cottaia chidten ags 24 to 50 months. The final dose in L sarles should be glven at sge
212 months. Proumadecos] polysacohatide vicelne (PPY] 19 recomimendsd In
addilion {0 PGV for certain high-rlsk groups. Ses MAAR 2000 46(RR-8):1.38,

7. Hepatitls A yaccine. Hopatilla A vascine fa facornmardad for children and
adolascents In gelectod siates and ragions and for carlain high-riak groups; consull your
Ioc pubic haalth aulherity. Childran end adolescents in thass states, teg lors, ard
gtk groups who have nol baen immunized againgt hapalites A can bagin the
hepalills A imimunization sertes duting any viall Tha 2 doses in the serlss should be
sdtminisierad atieast 6 monihe apart, See MAMWR 109048(RR-12): 1437,

8. Influenza vaccine, infuenza vaccing is s commendsd annuatly for ehidren ags
8 months with cartain rsk faslors {induding but hal Hrited 1o children with asthma,
cardiac disease, slckie ceolf dissase, human immunadefliclancy vtua Infectian; and
tlabalas; and household members &f perssna in high-risk groupa inee MMIVR
2003;52(RRA-8):1.38]) and can be administered to ail slhers wishing 1o abiainimmunily,
Inaddition, henlthy ¢hildren aga & 1o 23 moniks ars encsuragad ta recelve Inflvenza
vaceine If feasible, bacause children jn this ags group sre sl substantialiy incrasaed Hak
of infirenza-réintad hospitalizatians, For hasithy parsors age § la 49 years, the
inlranaesty administated live-alisnuated influanza vaceins (LAIV) is a0 acsepiable
dligrnative 1o the Iniramuscular trivalst inactivaled infiuanzs vaceine (TIV), Bee MAAAVR
2003,52(RR-13):1:8. Childran racelving TV ahoud be administered o dosags
sppioptiale for (hel ags (0.25 mLH age 8 1o 35 monlhs o7 0.5 mbLIf age 22 wars).
Chidren age <8 yoats who ary regsiving Influenza vaesing for the firsl Lime should
teceiw 2 Josey (sepamied by alluaal 4 wouks for TIV and atisasl 8 weaks for LAIY).

For additional information aboift vacelnes, including pyecautions and contralndicatians for Immunization and vi
Immunization Program Web aite. at www.cde.gavinip or oall the Natlonal Immunization information Holling at 8

& shortages, pleass visit lhe National
232-2522 {Englishy or 800-232-0233 (Spanlsh),

tha Amarican Acadanty of Famlly

Approved by the Advisory Committee on Immunization Practices (www.cde goviniplacin), the Amgrlgan Aced

Physielans ( iFelyr) 8

of pédiatnies {wyveLaan.org), and
o
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Recommended Chlldhood and Adolescent Immunization Schedule

Agap 4
Vacclne, ¢ Bith | ime | 2mo me

_United States July-December 2004

Sy

SQBEMeEN

12mo | 16mo | 18meo

Hepatiis B!

Riphtherla, Tetanus,
Pertiissis?

Haamophlius Hib
infivenzanType b*

DTaP | DTaP
Hig

Inaitivated Follovirys IRV IRy

Measles, Mumps,
Rubadiat

Varicelat

Phaumacoccalé PCY PCcyY

Inflyanza’

ot s oo igrceinap Dulove rond ne are Tur selented populalions

Hepatitis AV I l { |

T schaduls Indlaates he 18 commended agus 1or 1oL ine BOMIFEITAToR o CLITANMY (I8 nised ONIARCod vacaye, ae of Apr 1, 2004, for child on ap
Any duse nol glven ai the recammendad sge shauld be givan at any subssgquont visit whenindisated and faesible, 5N Indiostos age groups thet warranl apecial afiort to
aumirisiar those vacaines nal previausly glven. Addilional vaceines maybe iice nsed and racommendad during the year, Licensed combination varcines may be used

5 18 yeurs.

wheiever any cojnpanars of the combination are Indicated and the vaccine's olher compenents are nol coniralrdicated. Providars shauld consult the manulecturars'
packaga interls for delailed resommandations, Clinieally significant agverse svenis thal foliaw immunizalion shauld be reperied to the Yacelne Adverse Evenl Reparting
System (VAERS). Guidance about how to oblaln snd compleie @ VAERS form can be found an tha internal: www,vaers.ezg or by sslling 800-822-7907,

4, Hapatltis B (HepB) yaceing. Al Infania should recelve the firal dose of
hapatitle B vaccine 20an afler birth snd-bafore hospitsl dischargs; 1he fiest doss may
also be given by aga 2 manths il tha infant’s mather is hopatiis B surlsce antigan
{viBeAg) negalive, Only mongvalen! HepB gan be used for the birth dose.
hiznovaient gr gombinalion vaesine cenlaining HepB may be Uped o complols the
so1ies, Four dosas of vageing may be administared when s birth dosa iy grven. The
sacand dose should be given el leani 4 weeky after Lha first dosa, exoep! for
combination weccipas which esnnol be administered befors age § weeks. The third
dnge should e given alleast 18 weaks after the first doss and at leasl 8 waaks
afiar ihe sacond dose, Thalast dous in Lhe vaccination serias (Ihird ar fourth dess)
shouldl aol be adminislerad belors age 24 weeks,

s o HBaAg-pesilive mothers should recelve HapB and 0.5 mi, of
hepalil u é mmune g_labulinéﬂﬁlﬁlg_ﬁlhin 12 hours of birth al separate sites, The
second doag is jscommendad at age 1~2 meniha, The lasi desain he
imeunization sarleg should notbe adminislered before ag= 24 weuks. Thesa infanis
shidd ba teeled for HBsAg and anlbady lo HBsAg {anti-HBa) a1

goa 913 menths, .

nfants-porn ig inothers wiweg HBuAg g\gig; j‘ g;l%smm_ shiould racelv Uie first
dosa of Lhe Hepd series wilhin 12 haurs of binh, Malgrnal blood should be drawn as
00N oy possiols to delarmine tha mother's HBaAg slatus; I the HBsAg laglis
pasilive, ihe infan| sheyld racelys HBIG as soon as passibls (ng jalar than age 1
vegk). The agcond dosa |y recommandad at age $=2 manthg, The lasl doea in the
immunizatien series should notbe adminialered before age 24 weaks,

2. Diphtharia and tetanus toxclds and aceflular partussis (DTaf) -
vaecing, The fourth dess af DTaP may ba administerad as asrly as age 12
maniia, provided @ mantha have elapsed aince Lhe third deas and the child i
unlikely i raturn sl age 1518 monthe, The final doss In the serfes sheuld be given
alags 34 yoars. Yelanus and diphtherla taxolds (Td} (s recommended al age
11-12 yearaif alle nst 5§ yaars iave alapsed since the tast dose of lalarus and
diphihenia loxoid-gordalning vegcine. Bubaaquent rouling T4 boaslers are
raommended svery 10 yearg,

3, Hogmophilug inflyepzee type b (HIb) conjugats vaegine, Tivee Hib
cenjyyake b':cclms wra licgnaad fn* nfant (uao. {f PRIJquﬁB {PedwaxHiB gr Comyax
[tviergk}! Ig adminisigred at agas 2 and 4 months, a doge al age € montha I nol
reayicad. O TaPfHib gombination predugla should not ke used for primary-
Imennizalien In infants at ages 2, 4 o B monlhs byt can be used as booslers
fottowing any il \aecing. The final dosa in the enriea shauld be ghen.al

4ge 212 monihe.

4, Measles, mumps, and rubalia vaceine (MMR), The sovend dose of
MWMR is recommanded roulinelyat age 4-8 yanrs bulmay be administared during
any vislt, provided ot laast 4 weake have elapsed since the firsl dose and bath
dosas are adminisiered baginning al or afier age 12 months, Those whe have nel
pravflo;lalyrocelwd the sevond dose should compiute |he schedule by the visll al
age 1112 yasrs.

5, Varicetia vacgine, Varicella vaccina Is rezemmaendad al any vielt al or after
ags 12 months for susceplible chilen (i, those.-who lack a rellable histary of
chickenpox), Susceplible parsons age > 12 yaars shouid receive 2 doses, glven at
leas! 4 weaka apart,

6. Pneymocagcal vaceing, The haplavatent prisumosasoat eenjugats
vacelne (PCY] ls recommanded for all chidren age 2-23 manths, iLls aleg
recommbindad for eeriain chiltren ape 24-50 months. The finsl dose in the sariea
should he given at-ags #12 menths. Fneum | paly har 1
[PPV) is recommended In additlon lo PCV for cartain high-risk groups.
Ban MMWR 2000;4%RR-8): 1-35.

7, Influenza vaceine, inflienza vaceine Is ra cgmmandsd annually for ahiidren

sged 38 monthg wilh cartain risk faclers (including but not limiled lg pelhma,

vardigg disgasa, sicke gol] diseasa, HY, and dlabatss). healthcare workers, and
viher parsona (including housshold members) in dose contact with persons in
groups alhigh risk {ses MWR 2004:52:RR-6]:1:40} and can be administared ls
all othars wishing io obtaln immunity. In additien, healthy chidran aged §-23
months and cloas conlacls af healthy ghildren agad 0-23 manthe are
racommanded larecals influenza vaccine. husayse children in this age group are
al substantially incraased Hek for Influsnza-alated hoapilallzations. Fer heallhy
paraons aged {5—49 yaars, the Intranasally sdminiatared live, altenuated influensa
vaccine [LAKY) 15 &1 acceplable alternative 1o [he Intramussular tivalent Inaciivatad
Iiflvienza vageine (TIV), Bow MAKR 2004;53;[RR-6): 140, Children raceiving TIV
should be administered a dosage approprlate fof ihek ege (0.25 mL if 635 monlhe
ar 0.5 ml. if 23 years). Children aged 8 years who are ré caiving Influanaa vagsing
fgr the firs! {ime shau'd racelve 2 dosea (ssparated by at leagt 4 weaks far TIV and
allapsl 6 weaks for LAIV),

8, Hepatitis A vaccine, Hepatllin A vaccine is ra commanxded far shildran and
adolencants in selectad alates and regions and for cerlaln high-risk groups; onelt
your local publis health autharlly. Children and adolsscanis in ihese slales,
reglons, and Migherisi graups wha have nol been immunized rgainal hepatkis A
eaiy bagin the hepatitls Almmunization series durng eny vial. The 2 deseain Ihe
garing should be acminisiared sl least @ months aparl.

Boo MMWR 1000;48(RR-12}:1-37,

SINIDY TYNIDIGIN .

ot podiianal Informalion aopul vsalnse, Inglucing pragaians and centraindisalions for immunizalion and veccing shortagss, ploase visi the Nelional
1mpmniz,atiun Program Web site ot wwe.cdc.govnipl or call ne Natlonal.lmmgnlzatiun Information Hofling at 800-232-2522 (English) or 800-232 s,_
T Approved by the Advisery Gommitiee en immunizatien Practices (www.ads geyinip/agip), the American Academy of Pediatrias {www.aap,ocg), and

the Amerigan Acadamy of Family Physiclans (www.asfp.org).
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Most persons in this country infected with hepatitis B virus
acguired their infection as an adolescent or young adult; the
virug is transinitted primavily through sexual eontaet, intra-
venous drug use, household contacts, or secupational exposure,
Since the routine immunization of infants: began in 1991, a
number of individuals eurrently in the 11- to 12-year old group
needs to be immunized. - :

Nearly half of the cages of measles in recent years have been
in individuals over age 10 and this shift in the epidemiolagical
pattern is falt to be due luvgely to the failure of primary immu-
nization, Those adoleseants who have not received two doses of
MMR beginning at or after 12 months of age should be properly
immunized at this time,

Buooster doses of adull diphtheria and tetanus toxoids {Td)
are recommended every 10 years, hut there has never been a
strategy implemented for effecting this recommendation. The
adolescent office visit is a convenient time to administer the
first Td booster.

Varieella immunization becams routine in 1995 and many
ndolescents ramain susceptible. Varicella vaceines should be
given at the ndolescent visit to any patlent whe has not been
immunized or haa no reliable history of chickenpos,

The adelescent office visit also should be nsed to identify in.
dividuals who are.uat risk for other vaceine-preventable dizease
and. selective immunization should be conducterd ns indicatsd.
1t is estimated that more than 8 million children and adoles-
cents are candidatea for annual influenza immunization it
few are ever vaceinated, This ineludes patients with chronie
pulmonary disease (eg, asthma, eystic fibrosis) or vardiovasey.
lnr digeans; residing in chronicscare facilities and having o
chronie medical eondition; having required regular medical fol.
low-ups or hosplitalization during the preceding year because of
chronie metabolie disease (ef, diabetes), renal diseass,
hemoglobulinopathy, or immunosuppression; or receiving long
term uspirin therapy and at a visk of developing Reye's syn-
drome after Influenza Infection (up to 18 years of age),

It is eetimated that 340,000 persons from 2 to 18 yasrs of age
have chronie illnesses that increase the risk of pneumotoccal
disease and should be vaceinated with the 23-valent vaccine.
This includes those with anatomic or functional asplenia in-
cluding sickle cefl disenss, nephrotic syndrome, carebrospinal
fluid leaks, or conditions nasveinted with immunvauppression,

Hepatitis A virua infeetions neeur in about 140,000 persons a
year in the US and the highest rates of disense are in those 6 to
14 years of age. Hepatitis A vaccine should be administered to
sdolescents who plan to travel of work in areas whete the dis-
eage i prevalent; human immune globulin may be used for short
term prophylaxis when protection is needed faster than the vace
cine ean provide, Vaceination may be congidered for adolescenta

who reside in communities that experience periodic outhreaksof .

hepatitis A. Adolescents should definitely be vacoinated if they
have chronic liver disease, are receiving clotting factors, use il
legul druge of any kind or ate males-who have sex with males,

There are other selective immunlsations that may be peea-
sionally indicated in adolescentz and many of these are de-
seribed under adult immunizations,

IMMUNIZATION OF ADULTS UNDER AGE 85~The
first thing to consider about the immune state of an adult, pa-
tient is whether or not they have completed the recommended
pediatric immunizations. Pertissis vaceing is not recom.
mended for adults but the other nine vaceines are commonly in-
dicated under different eircumstances if there is not evidence of
immunity; te, reliable history of having the disease or positive
sevalogien] test, When a patient is found to be susceptible to any
of these nine diseases, their history should be reviewed vis.
a-vis the recommendations for the appropriate vaceine(s) to de.
termine if vaecination s Indicated, Three circumstances where
it 13 particularly important that the pediatric immunizations
are up-to-tato are the following:

L Women of childshearing age who may become pregaant since the

immunity de, 1g0) that they transfer to-the fetus depends on
fhair immiine status,

)
2. Individuals with chronie disenses since they may D' >
tible to the disease or ite adverse effects, o
3. Individuals whe travel internationally alnce soime of Uiede dis-
eades romain prevalont in other parts of the world,

The only routine immunization that is recommended for all nor-
mal adults between the ages of 18 nnd 85 vears is a booster dose
of ndult diphtheria and tetanus toxoid every 10 years, Unfortu-
nately there & no strategy for accomplishing this, and many, if
not moat, adults in this country do not comply with this recom-
mendation and may not even be aware of it. Por some, this
booster {8 received in the emergency room at the time of trau-
matic injury and may consist enly of tetanus toxold: {1 cases of
contaminated wounds the tetanus booster should be adminis-
tered if more than 5 years has elapsed gince the lnst dose,
Annuaj influenza immunization is recommended. for those
at high-rigk of inflirenza complications (describad above) ag weil
as those capable of nosocomial transmisaion of influenza to
high-risk patients; ie, pharmacists, physicians, nurses, and oth-

ers who provide in-patient, out-patient, and homs henlth-care

servicey as wall as nonprofessional caregivers, Annual vaceina-
tion is also wise for those who provide essential community ep-
viees, and individuals in institutional sattings such as schools,
to minimize disruption of activities during outbreaks, However,
it should be noted that the current inactivated {nfluenza vac-
cines are prabably betler at preventing the compiications of in-
fluenza than of provesting the disenss and its teansmission, Tt
is antieipated that the live, intranasal vaceina will provide Botl;
better protection and have a stronger impact on the epldeio.
logie patters of the diseasy. :

The bacterial eapsular polysaccharide vaceines should be
considered for individuals with anatomie or functional asplenin
as well ne thoge with any major immunosuppression (g, KTV
infection, organ transplant, sonie canters). Pheumoeocenl vae-
tine ghould be administered to other higherigk individuals in-
cluding those with eardiovaseular ot pulmonary disease,
ehronic hepatie or renal disovders, nnd dinbetes meliitis.
Meningoeoeeal vaccine is recommended for some teavelers und
gome closed populations where outbreaks may accur.

International travel is very commeon today for business,
travel, and hebby, and all travelers should review the current
recommendations of CDCT well in advance of any teip. Most
travelers to developed arens of the world need unly to have their
routine immunizationa up-to-date, The anly disease for which
an International Certificate of Vaceination may stili be required
is yellow fever. Travelers to underdeveloped countries or the
back country of developed countries may find other vaccines
recommended; hepatitis A vaccine is most likely but cholera,
plague, and typheid vaccines may occasionally be suggested.

Hepatitis B immunization is essential for health-care
workers with exposure to human blood and tissues, and thera
are a number of other vaccinations that are recommendod for
those in high-isk oceupations. Laboratory and fiold worlters
exposad to Yersinin pestis o wild rodents and floas should re-
ceive plague vaccine, Military racruits will receive adenovirus,
hepatitis A, and meningococeal vaceines and sometimes
others.

The majority of vaceines are administered prior to exposure
to the infectious organism but in disenses with long inoubation
periods postexposure active immunization, with or withaut con-
current passive imnwunization, may be effective, Postexpoaure
active immunization is routinely used to prevent rabies in indi-
viduals exposed through the bites of infected animale while the
usual pre-exposure immunization is recommerided only for
those who have ccoupational exposnre. Both hepatitis A and
hepatitis B have sufficiently lang incubation perioda to warrant
postexposure vaceination when needed,

BCG vaceine s one of the most widely used worldwide but is
very rarely recommended in this country, 1t appeats to be
effective in preventing sedious milinry and meninpesl tuberes-
losig, but its sfficacyAR Preventing common palimonary tube:
eulosis is questiondble. 1§ {s recommended only i extromely
high-risk individynls whele other2oMrols wre Impractical. Tt
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ghiould be mentioned that BCG vaecina is commonly used to
traat bladder cancer by direct inatillation into the bladder, This
ig sometines called nonspecific immunoctherapy, but the pre-
cise mechanism s unknown; the vaceine does promote a'local
inflammatory respense that may be responsible fur the anti-tu-
mor affects,

IMMUNIZATION OF ADULTS AGE 65 AND OVER~—
Older age is often thought of as being synonymous with de-
clining fmmunity, although there is little objective svidence to
indicate that mest older pergons-suffer from major immunods
aficiancy, There is en {ncveasing incidence and severity of
chronie diseases that often increase the rigk and complications
of & number of infactions diseases. The elterly may respund
poorer to some vaceines, but this does not appear to be a
general problem. Although applicable throughout life, an im.
portant priseiple In praparing for old age is to effect immu-
nization while still healthy whenever possible. The routine
pedintric and selective immunizations deseribed earlier ave an
impartant factar contributing to the increasing number of per-
sons reaching old age. Evatuation of immune status and ap-
propriate vaccination at age 85 is important to the quality of
the later years,

Every individual should continue to receive aduit diphtheria
and tetanus toxoid hoosters every 10 years-and, if this has not
been done, it is important to update these vaccinations at age
66. Unfortunately many older Americans are susceptible to
these glseases as reflected in the epidemiological pattern of
tetanus,

All individoals age 68 and ever should recelve annual in-
fluenza Immunization and a single dose of pneumococeal vae.
cine. Those who vaceived pnewmogoegal vaccine prior to age 83
ghould receive a booster dose if it has been B or more yeard since
the firat dose. Those at highest risk of fatal pneumococcal dis-
gasg {ejf, asplenia) alse should receive a booster dose at b years
after the initinl doge, ‘

Pharmaciats and other health proféssionals should encour-
age individuals of all ages to receive appropriate immunization,
Although the immunization rates for children’in this country
are genarally good, the immunization rates for hoth healthy
and chronieally ill adults of all ages are relatively poar.,

Adverse Reactions

The vaceines that are routinely used today are generally very
safe 05 well a5 highly effective. Theve are, as with any drugs,
vigks of vagelnation that range from common, minoy, and in-
aonvenient to rare, serious, and life-threatening. There ave alao
20ine miaconesplions en the part of both lay persons and pro-
fussivnais thas may unnecesserlly prevent or delay vaccination,
As with most drugs, the seute hazards ave much bet{er under-
stood than the chronle; and there ave some potential risks ag-
suciated with vaceines that shouid always be kept in mind,
Phovinacists and othera whe administer vaceines will find the
CDC publication on the risks of vaceination® helpful,

The mest commaon adverse effects of vaccines are mild toxic
and/or allergic reactions although, as with most adverse drug
veactions, thig mechanism uaually remains unconfirmed, Both
of thesa tend o be more common with the inaetivated products
ihan with Hve vaecines since $hey usually contain more antigen
and require boosler doses, It is not surprising, for example, that
products containing whale, killed, gram-negative bacteria such
a3 the cholera, plague, and killed typhoid vaccines frequently
canse mipoy inflammation at the wite of injection as well as mild
systemic febrile vesponses. Reactions such as this oocurring
shortly aftor injection, and eapecially aftor the fivst doso, pre.al-
most gertainly direct toxic reactions,

Thal vaceines may rause allergic reactions is also quite pre-
dictable considering their immunogenic charagter. This is an
aneomon problem with the live virus vacgines that arve ad-
ministered loeally and/or boosted less (requently. The too-fre-
guent administration of tetanus toxold, which was formerly
very commonly done in emergency rooms, is assoeiated with lo-
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eal and systemic immune complex reactions, These Arthus-type
skin veactions or any of the systemic symptoms of ssrum
gicknesa are expectod to ocour within several hours of adminis-
tration, especislly following booster vaceination with an inacti-
vated product.

IgE-mediated or anaphylactic sensitivity is more cause for
concern and may take the form of urticaria (hives), an-
gioedema, wheezing or even l|fe-threataning shack, These reac-
tions usually oecur soon (080 minutes) after adminiswation
and, if due to the vaceineg antigen, will generally cccur after g
booster dose, Reactiong to components of the production
medium (eg, eggs), antikiotics {eg, neomyein) or preservatives
(eg, thimeroscl) are very rare today but are likely to oceur on
the first dose in previously sensitized persons who are strongly
allergic, Anaphylactic sensitivity to a vaccine or component is
genevally a-contraindication to vaceinaiion but there are some
protoeols for immunizing sensitive individuals,”

Inactivated vaccinas pose very little infectious hazard it they
are manufactured property, That accidents may happen is best
illustrated by the so-called Cutter incident in 1858 when im.
propetly inactivated polio virus in IPV caused disease in anum-
ber of vaccinees.

Live vaceines are unique among pharmaceutical products in
that infection of the patient receiving the product ie intentional,

_There are several obvious aa well as some subtle hazads asso-

ciaied with these products,

Live vaceines generally are contraindicated in pregnancy
but the rigk, at least with the gurrent vaccines, is largely theo-
retical and cecasinnally the benefits merit vaccinating 8 preg-
nant woman who ig at serious visk of disease, Rubella has, of
course, been of particular concern and there is soms evidenca
thab the vaceine virus may be transmitted to the fetus; there
have been many pregnant women inadvertently immunized

with rubella vaceine but never a confirmed case of vaceine-as-

sociated congenital rubetia, The medicolegal aspocts of vaceis
nating a pregnant woman also must be considered, particularly
in light-of the relatively high incidence of miscarriages and
birth defectz during usual pregnancies.

Severely immunceompromised individuals can be safely ad-
ministered inactivated vaccines, although the immune responsy
may be poor, but ahould generally not receive live vaccines that
have the potential to cause serious disease in such individuals,
Serjous lmmunasuppression can result from congenital immun-
odeficiency, HIV infection, malignaney {eg, leukemia, lym-
phoma, generalized malignancy), chemotherapy, and/or
{mmunosuppressive therapy, Tha decisions in this area can be
diffienlt, and there may or may not be data available to guide the
elinielan, For example, immunization of HIV-posttive patienta
with MMR has caused no problems ta date, and it is genevally
recommendad that it be glven to asymptomatie patients and con-
gidered even for those with symploms, The immunosuppressive
effects of corticosteroids are poorly defined but mest steroid ther-
apy 18 not-8 contraindication for live vaccines ineluding the fol-
lowing: short-term thernpy of less than 2 weeks; low to modorate
dose therapy including physiologic maintenance doses (replace-
ment therapy); long-term alternate day thevapy; and topieaily or
loeally administered storoida including neresols and intra-
artieular injections, The best practica is, whenever possible, to
vaceinate prior to the immunesupprasslon,

Live vaceines also may pose a threat to the unvaceinated
contacts of recent vaceinees. Poliovirug may-be transmitted and
causs diseape aspecially in househald contacts; vaccinees Hving
with immunosuppressed individuals should only receive [PV,
Varicelia vaceine may cause ¢hickenpox or shingle-type rashes
in immunosuppressad individuals (eg, loukemia patients), and
thoy may transmit the virua to susceptible contacts. Although
vaccinees may shed measles, mumps, and rubella viruses after
vaceination, there is no evidence of transmission of the viruses
fotlowing MMR.

In addition to the real risks of vaccines, there are severa| po-
tential problems that merit mention, Mass active immuniza-
tion changes the epidemiological pattern of a disense and can
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have several consequences, What were formerly childhood dis-
sases may in the unvaceinated be deferred until later 1n life
where sonie are more serious; this has been the concern of some
with mumps immunization particularly if the immunity {g not

a8 long as desited. On a longer term, the absence of a disense

from a community for generations may result in a population
even more susceptible than it was prior'to immunization; apa-
thy in immunization coupled with reintroduction of the disease
could prove devastating to 4 community.

The viruses for vaceines are rouch like other drugs in the
fact that much more is understood about their acute adversy ef-
fects than the chronie, The possibility of the virus eauslng an ins
apparent chronie or integrated infection g well as the potential

for such things ae vneogenesis and tetratogeneeis eannct be -
completely ignored, The requirement that viruses be grown in -

living cells. alse incrensed the risk for inadvertent contamidas
tion with unknown organisms. These esoteric concerns are far
outweighed by the benefits of vaceination, but their existence
emphasizes two important points: first, active Immunization
should not be onsidered for telvial conditions and second, con-
tinuons diligence and study is. required of all immunizing
agents and procedures.

Contraindications

The eontraindications given above are asanciated with ndverse
reactions to vaseination whils those deseribed halow are gener
atly related to achieving & poor imiiune rezponse.

Active immunization should generaily not be conduetod in
infants under 1 or 2 years of age unless there is a special risk
andlor an effective procedure has been established. Maternal
antibodies can parsist for 6 or more months in a neonate, and it
takes several years for the immune system to develop com.
pletely; infants usually respond poorly to any immunizing
agent relative to older individuals, and thers may be a risk of
vaceine-nduced {llness if live vaceines are administered tos
early, Those pediatric. immunizations recommended before 1
year of age all require completion of o primary series of dosos to
agsure effactivencas. When other vaceines must be given early,
ravaceination at a later age is virtually alivays indicated.

Serious fabrile illness is a contraindication to netive immu-
nization, especially with live virus vaceines, but there can be
much confusion about this. Most acute febrile illnesses are
caused by viruses that induee interforon and ean interfore with
virus replication and the response to the vaccine, The adminis-
tration of any vaceine to a seriously ill individual can eonfound
the evaluation of the iliness and/or any rerction to the product.
Those factors must be weighed against the urgeney for the vac-
cination. All vaccines can be administered to individuala with
minor illnesses such as common dinrrhoa and mild upper res-
piratory disease with or without fever. These conditions are so
common in children that failure to do.so may seriously interfere
with the vaceination program. -

Live vactines are contraindicated for varying periods after
administration of immunoglobulin eontaining preparations
because specific antibodies can interfere with the immune
response; this is usually not a problem with killed vaccines
that contain sufficient immunogen to overcome any inhibition.
The products that can interfere with-immunization include all
hunan immune globulin preparations, whole blood, and
several blood eomponents (eg, packed RBCs, plasma/platelet
products),

The effect of immune globulin on virua vacelnes varies con.
sidarably with the vaceina. For example, OPV and yellow fever
vaceines ean be administered without regard to immune globu-
lin administration, It has generally been recommended to wait
6 weeks to 3 months before administering most live vaccines
such as MMR, But this interval is not suffielont for measles vae-
cine when high doses of intravenous immune globulin are ads
ministersd and vaceination may have to be delayed for up to 11
montha® As always, the recommended intervals have to be

viewed with respect to the urgeney of vacrination in the indi-
vidual case,

National Chitdh’ood Vaccine Injii_ry Act

~ The National Childhood Vaecine Injury Act (NVICA) became efs

fective March 21, 1988 and has two nain objectives: (1) to avoid
future cvises that may intertupt the National ITmmunization
Program and (2) to provide financial compensation fov patienta
who suffer vaceine-related injuries. The act requires that the

‘providers of vaccinations keep certaln permanent rocords of

tovered vaccinations as well s to repoit on eeptain ndverse
events, A surchiarge is placed on the price of covered vaccines ts
fund the progran, and compensation is paid Lo pereons who suf-
fer specified injurles from recoiving these drugs. The covered
vaecines currently include all of the routine pediatric immu-
nizations (Table 89-8). The detnils of the tecord-keaping and
reporting requirements as well as the current liat of coversd
vaceines may bo found at the CDCQ Wob site.

immunization Records

Proper documentation of immunizations {s important from sev-
aral regpects, IE helps edsure that those in need of vaceination
recoive it witheut the need for serologle teating und halps pro-
vent overvaceinating, whicli increases the risks of hyporsensis
tivily reactions. A comprsiensive vaceination record should in
thude not just the history of vaseinations but alse snelilapy
information such aa documentation of having had a disease ar
serologie testing for immunity, The NVICA spocifics the rocords
to be maintained by the provider.®

Official immunizatien cards have been adopted by every
state to facilitate the pssessment of immunization status by
schools and child-eare conters. A permanent immunization
record cavd should be established for each newborn Infant and
maintained by the pavents. Some states are developing com-
puterized immunization record systems, and therels oven con-
gideration of a national immunization registry,

PASSIVE IMMUNIZING AGENTS

Passive immunization in the broadest sense involves the
administration of any specific immune effestor, anttbady or of-
fector T cetl, In practice it hins been restricted to the use of an-
tibodies since effector T céils are Hmited in number, difficult to
harvest, and, perhaps most impartantly, MHC-restricted and
not usually effective when transferred from one individual to

‘another. There have, however, been recent attempts to harvest

the T cellz of the individual patient, expand their number in
vitro with colonty-stimulating factors, and reintroduce the cells
into the patient. The currently employed passive immunizing
agonts are all derived fromt immunoglobuling, and the majority
of these consist mainly of IgG isotypes (see Chapter §0).
Human serum was used as-early as 1907 for the prevention of
measles and later for mumps and pertussis. Animal-derived an-
titoxine were used extensively prior to World War 11 to treat
diphtheria, tetanus, scarlet fever, and other disenges with mixed
results. Intramuscular human immune globulin (JGIM) became
available after the war and waa first used to treat a form of
agammaglobulinemia (Bruton's disease) in 1952, Intravenous
human immune globulin (IGIV) was developed over the 19808
and represellts a major advanee in pagsive immunizing agentas,
The first MAbs (digoxin immune Fab and muromonah CD3) were
Heenged in 1986, hut.only as the 20th centiry closes 16 this techs
nalogy beginning to have n major impact on clinieal medicine.
The antibody-containing products avaiiable in the US as of
danuary 2000 are lgted W Tables 89:-7=65-4, Depending on how
one defingy passive ingmuniZation, it ean be coriectly arpued
that not all of these: fre pussjve immusi{zlsg agants, The em-
pliasia at this polnt #ll be of those }{_\r\‘)t cha it nre uged to
GAW ELA,
Varia ernartig
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Table 89.7. Routine Adult Vaccine Recommendations

Recommendad Adult Immunization Scheduls, United States, 2003-2004

by Age Group
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impart passive immunity for infactious and toxic dlseases, but,
a8 will be. geen, the difforenca between these and the other an-
tibody preduets is not always clear, All of the products are listed
in the (ables (o assist the reader in making comparisons, but
gome of the products are deseribed in greater detail in other
chapters under thelr respective therapeutic categories.

Types of Products

When censidering immunoglobulin-eantaining products, it is
uselul to think in terms of three dichotomies; human or animal,
intramuscular or intravenous, polyclonal or monoclonal,
Human immuna globulin products are derived from peoled
piasma obtained from 1000 or more donors, The antibody con-
tent of all of these products ia primarily igG (B0=08% depend.
ing on the produgt), and the four jsotypes are generally within
the range of thelr natural distribution: IgGy (60-T0%), 1gGy
(23-29%), 1gGy (4-8%) and IgGy (2-6%). The other isolypes
ave largely removed since they ugually contribute little to the
activity of the products and inay give rise to adverae reactions.
The eomposition of the products is very similar for both the so-
called normal immune globulin preparations (IGIM, IGIV) aa
well ag the specific or hyperignmune globulin products (eg,
hepatitis B immuna globulin), The former are standardized by
nssaying for several common antibodies (eg, measles, diphthe-
via, poliovirus, and often othars), while the specific immune

globulins also are assayed for the labeled antibody; the latter
products are obtained from the pooled plasma of individuals
having high titers of the labelad antibody such as recant
vacelness,

Hetsrologous antibady products (Table 89-8) must have
their source displayed on the label, and this is nearly always
squing, The horse was chusen beeauss it has a large blood vol-
ume and is rarely used as a food animal in this country, which
lessens the chance for sensitization, MAbs are often derived
from sheep (ovine). or mics {murine). There is little functional
difference batween human and animal antibodies, but there is
gufficient struetural difference that allergy is a major problem
with heterologoun seva, Serum sichness is & systemic immung
camplex disease that oceura § to 14 days after administration of
foreign antibodies; this active inunune responss also gerves fo
slaar the antibodies and hetarolegous preducts thus have a
ghorter duration of action than the homologous, Bubseguent ad-
ministration of & heterologous serum will result in an even
faster and stronger reaction and maey even be ascompanied by
[gl-mediatad anaphylactic reactions, It is apparvent: that het-
pralogous produets are severely Hniled and has been a major
factor in delaying the development of products containing
MAbs: there are technical difficulties in producing human
MAbas by hybridoma technology (Chapter 60), Technological ad-

‘vaness in preparing chimeric (human.animal) and Aumanized

MAbs has led to & number of products at the end of the millen-
nium, und meny more can be expected enrly in the 21at century.
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value in the management of tubereulosis and is of some utility for
the evaluation of several systemic mycoses {voccidiomycoses,
histoplasmosis), These and other skin test antigena (Table 88-21)
also are used to evaluate the status of cell-mediated immunity,
Tubereulin testing is an important procedurs in the man-
agement of tuberculosis in this country, High-risk populations
are screetied to identify those who may be infected and bene-
fit from chemoprophylaxis ug well as those who hava elinical
disense and requirs therapy, Twa forms of tuberenlin products
{Table 88-21) are svailable: old tubereulin (OT) and purified
protein derivative (PPD). Both of these are available in multi-
pla puncture devices (ting fest) for transcutaneous administrae
tion; these products can be stored at room temperature and
are particularly useful for the vapid mass sereening of large
groups, PPD solutions for intradermal administration (Man-
toux test) are more sensitive, must be refrigerated and are
used for definftive tuberculin teating of individuala.
Tuberculin teste arve read 48 to 96 hours after administeas
tion and a positive reaction consists of induration of 2 mm or
graater ih diatetsr, or the presence of any vesiculation at the
wite of application. A positive test indicates only that the
individual Is hypersenaitive to tubereulin, which implies past or
present itfection with Myeobacterium tubereilosls, A posltive
tuberculin test is an indieation for additional diagnoatic teating
{efr, chest x-tay) to defermine if prophylactic or thernpeutle

_ measures are regired,

The other skin test antigens listed in Table 89-21 ave very
sintlar to the tubereulin test in principle and application, Thay
have not, however, proven to be as useful in the evaluation of
infection for a-number of reasons including the problem of fre-
quent crosa-reactivity with immunogens from other erganisms
giving rise to fales positive reactions.

A number of drugs ean interfere with delayed hypersensi.
tivity tests. Dermal renctivity may be depressed in patients
taking corticosteroids or other immunosupprassive agents as
well as those recently vaccinated with live virus vaccines (eg,
meas]es, mumps, rubella, and polio viruses). Tuberculin testing

can be adninistered simultaneously with these vaceines, but’

otherwise it should be deferred until 4 to 8 after vaccination.
Parsons immunized with BCG vaccine often convert to tuber-
culin positive and the-interpretation of the test results is more
complicated in these patients.

Delayed hypersensitivity may be suppressed in patients with
a variety of conditions {ncluding acquired and congenital
immune deficiencies, autoimmune disease, infections (bacterial,
fungal, myeobacterial, virua), malignancy, malnutrition, and
cthers. The absence of a dermal reactivity in a patient who has
been sensitized to the immunogen in guestion is called anergy.

The usual method for assessing the tompetence of cell-
mediated immunity is to employ a battery of 4 to 6 common
immunogens referred fo as an gnergy-test panel, The panel is
selected with the expectation that the patient will show a posi-
tive delayed hypersensitivity respense to at least 2 to 4
immunogens if not anergic. This testing is of little value in
evaluating primary immune deficiency during the first year of
life sinee a failure to react may simply represent lack of
exposure to the immunogens,
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