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Safety and immunogenicity of Haemophilus
influenzae vaccine (tetanus toxoid conjugate) -
administered concurrently or combined with
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diphtheria and tetanus toxoids, pertussis vaccine
and inactivated poliomyelitis vaccine to healthy
infants at two, four and six months of age

RONALD GOLD, MD,.DAVID SCHEIFELE, MD, LUIS BARRETO, MD, SHARON WILTSEY, MPH,
GORDEAN RIORNSON, MA, WILLIAM MEEKIZSON, MD, ROLAND GUASPARINI, MD AND

LORNA MEDD, MD

The safety and immunogenicity of Haemophi-
Tus influenzae vaccine (tetanus toxoid conjugate
(PRP-T)) administered concurrently in separate
sites or mixed in the same syringe with diphthe-
ria and tetanus toxoids, pertussis vaccine and
inactivated poliomyelitis vaccine were assessed
in 439 infants st 2, 4 and 6 months of age. The
proportions with local redness, tenderness and
swelling in the separate and combined groups
were 18% vs. 11% (P < 0.001), 27% vs, 24%
and 15% vs. 13%, respectively, Systemic reac-
tions occurred at similar rates in both groups.
The combined vaccine induced tetanus and diph-
theria antitoxin titers 20.01 IU/ml in 99.5 and
99.1% of infants, pertussis agglutinin titers 264
in 92.4%, anti-polyribosylribito] phosphate ti-
ters =0.15 ug/ml in 93,8% and >1,0 gg/ml in
76% and polio-neutralizing titers =8 in >98% of
infants. However, antibody concentrations to
PRP-T, some pertussis antigens and tetanus tox-
oid were significantly lower after combined
than after separate injections of DPT/dipktheria
and tetanus toxoids, pertussis vaccine and in-
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activated poliomyelitis vaccine and PRP-T. The
clinical significance of these differences is not
known, but the interactions observed among the
components of the pentavalent vaccine may be
of concern becsuse they might influence anti
body persiStence until the fourth dose is adwmin:
istered.

INTRODUCTION

Befors the introduction and widesprend use of Hee
mophilus infiuenzas type b (Hid) conjugete vuccine
in infantx starting 4t 2 months of age, Hib had bee:
the major cause of meningitis and epiglottitix in chil
dren ss woll ps being responsible for many cases ¢
bacteremia, septic arthritis, cellulitis sad pneu
monia.”* The safoty and efficacy of the conjugate:
Hib vaceines in infants have been well-established.”
" Mazs immunization has resulted in remarkable de
clings in the incidence ol Hib disease.”* Immuniza
tiom of infants requires 2 primary series of twy to thre
doses starting et 2 months of age followed by a boosla
in the second year of lifa.*' Jn order to minimize th
number of visits required for immunisstion, it is res
ommended that Hib vecoine be administered concus.
rently with the primary doses of diphtheris.pertussie
tetanus (DPT) vaceine or with DPT/inactivated pc
licmyelitis vaccine sdworhed (IPV) in those jurisdic
tions using IPV rather than oral polic vaccine, Be
cause such praclice results in twn sepBegte injection
per visit, a preparaticn that combines Hib vacein
with DPT or DPT/TPV inte one injection would b
highly desirable. '

The combination of DPT with PRP-T iz prepare
by using the doae of DPT as the dilueat for lyophilize
PRP-T. The salety and immunogenicity of this cox
binatisn have been demonstrated in a number ¢
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tadigs, ' %1422 Although antibody responses to all
actiné components were judged to be adequate in
srme of the proportions of Infante achieving titers
snsidered to be protectiva, lower antibody responses
s PRP-T were ohserved in infants receiving the com-
jned vaccines in two studies in Chile,'®%% In o
‘ancouver study anti-polyribosylribitol phosphate
?RP) concentrations were higher after the combined
arcine " However, reduced responses to tetanus rox-
i gnd to some pertusuis antigens wers observed In
Il throe studies.

The preseat study was undertaken to compare the
sfety and immunogenicity of PRP-T when sdminis.
tred separately or in combination with DPTYIPY o
viants st 2, 4 and 6 months of age.

[ETHODS

[nfants were recruited from the birth lists provided
¢ three participating public health units in suburban
ancouver which immunize 40 ta 80% of children in
1eir jurisdictione. ™ Eligibility criteria for enrollment
ite the study were: 8 to 15 weeks of sge ar entry;
eedom from acute illness or conditions for which use
* DPT, [PV, or PRP-T vaccines are contra-
dieated™; avallabiliry of home telephone; ability of
irents to converse in English; and absance of plans
Irelocate within 5 months. Written informed consent
as obtained from pprents &t the first immunization
sit. The study protoco] was approved by the ethics
anmittay of the University of British Columbia,
The study was condocted by two field research
lams. Infants were vaccinsted at 2, 4 and € months
{ age with diphtheria and tetanus toxelds and per-
s%is and insctivated poliomyelitis vacelnes adsorbed
IPT/IPV) and H. influenzoe type b tetanus conji-
ste vaccine (PRP-T), Vaccines were supplied by Con-
aught Laboratories, Ltd., Willowdale, Ontario, Can-
@1, One ot of DPT/IPV vaccine was used (Con-
aught Lot 24007-11) which contained 25 Uf
iphtheris toxoid, 5 Lf tetapus toxaid, 4 to 12 protec-
Ve units of pertussis vaccine snd 40, 8 and 32 D
ntigen units of types 1, 2 and 3 of IPV, Types 1 snd
wete enhanced IPV produced on MRC-5 cells,
NEreas type 2 was standard IPV produced on monkay
idnoy cells. Two lots of PRP-T (82240 and S2241),
anufsctured by Pasteur Mérieux Sérums et Vaccins,
wom, Francs, were used, The PRP-T wes supplied in
©philized form in single dose visls, each containing
% ug of PRP covalently linked to 20 ug of tetanus
3oid. The two lots will be refarred to subsequently
Lots 1 8nd 2, All vaccines were stored sccording to
¢ manulscturer's recommendations,
Panicipunts wers randemly assigned to receive
:’:hu @ single infection of combined DPT/1FV/PRP-
0 8 single syringe (combined group) or concurrent
Hections of DPT/IPY and FRP-T in oppozite thighs

(separate group). Infants within each group were ran-
domly assigned to receive either Lot 1 or Lot 2 of
PRF-T, resulting in 4 equal groups. Randomization
sequences were prepared for each field team and were
based on & table of randomly generated numbers in
balanced (1:1 assignment ratio) blecks of 12. Assign-
meats were incorporated into each individual’s study
number which were serially sssigned at entry and
linkad to numhbered boxes containing the sppropriate
dilvent for the method of immunization and all 3 dosas
of the PRP-T lot to be used, Jabaled only with the
subject number,

Preparation and administration of veccines were
performed in a standardized fashion by research
nurses, =8 described previously.”® All vaccines wers
4dministered intramuscularly in the anterolateral
thigh using s 25.gauge, 22-mm needis. Parents of
infants in the separate group were not told which
vaceine was which. DPT/IPV and DPT/IPV/PRP-T
were given on the right side and PRP-T on the left at
all visits in order to minimize recording errors, Acet.
sminophen prophylaxis (13 mg/kg at 0, 4 and 8 hours
postimmunization) was recommended to parents ofter
each vaccination.

Each infant was observed for 16 minuter postim-
munization to detect and traat any immediate allorgic
reactions. Parents were asked to lock for and record
in & simple diary any changes at the injection site(s)
or (n their child's health or behavior for 48 hours after
each vaccination. Digital thermometars ware supplied
%0 parents with ingtructions on their use, Parents were
free to use either the axillary or rectal method, Tem-
perature was to be measured 1 or 2 times daily and
whenever parants suspected fever. Parents were sup-
plied with celluleid rulers with 2 linear scale and with
circles 10 to 50 mmn in diameter to measure redness at
the injection site at 24 and 48 hours after vaccination,
Parents also were provided with and instructed on the
use of plastic tapes to measure the circumference of
each thigh et the level of the injection site(s) at 24
and 48 hours. The chonge in circumference before and
after vaccination was determined to assese local swell-
ing. Becauee parents of infants receiving combined
vaceine routinely measured both the injectad and un-
injected thighs, it was pogsible to datermine the vari-
ability of this method of measurement: 95% of the
changes in cireumference of the uninjectsd thigh be-
fore and after vaceination were <15 em. Thersfors
swelling wes defined as a 1.5 em change in cireum-
ference,

Parents were telophoned by resenrch staff at 24 and
48 hours to review any adverse events, naing a struc-
tured intarview with specific questions about irritabil-
ity, erying, drowsiness, changes in appetits, vomiting
and churiges in bowe] habits and epen-ended questions
ahout any other parental concerns, Parents were also
asked if they saw the child's physician or made an
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emergency room visit during the 48 hours poatvaccin-
ation, Parents were also encouraged teo repert to study
nurscs any severe adverse event during the period of
the study. Nurses were authorized to extend follow-
up for 7 to 10 days by telephone or home visit if severs
adverse events occurred,

Blood was obtained from infants by means of hes!
or finger punctures with the use of Microtainer® col.
lector-separator devices (Becton Dickinson, Ruthez-
ford, NJ) before the first and third and 1 menth after
the third dose (i.e. at 2, & and 7 months of age}. Serum
was separated promptly and stored st —20°C before
testing for anti-PRP antibody using a Farr-tvpe radio-
immunoessay, Only sera obtained 1 month after the
third dose were tested for diphtheria antitoxia by
microneutrslization assay: tetanus antitexin by an-
zyme-linked immunoabsorbent assay: pertusals sggle.
tinins by microagglutination assay; IgG antibodies to
pertussis toxin, filamentous hamegglutinin, 69-XDa
protein and fimbrial sgglutinogens 2, 3 by eozyme-
linked immunosbgorbent sssay; and polio antibedy by
nevtralization inbibition assay. All antibody assays
were performed on code-labeled sera at Connaught
Laboratories, Ltd.

Case report forms were checked for accuracy and
completeness on receipt et the Vaccine Evaluation
Center and corrections effected if necessary. Aceuracy
of data entry into the custom-designed database was
verified through programming checks and manual ver-
ification of key data for all data files. All results were
assembled and anslyzed by the principal investigator.

Antibody responses were analyzed in terms of geo-
metric moans, with nondetectable values being as-
signed one-half the Jower detection limit of the asaay,
and by the propartions exceeding predetermined
threshoid titers associated with protective efficacy for
each vaceine. Means ware compared using Student ¢
tests and 95% confidence intervals (Clye). The ohi
square test was used to analyze difference in propor-
tions, T'wo-tailed tests were used throughout Anti-
body responses of the separate and combinad groups
wera analyzed for pessible interactions between indi-
vidual vaccine componants by applying the Priedman
test to the ranked geometric mesen titers (GMTSs). The
Friedman test is 3 nonparametric two-way analvsis of
variance by ranks of matched samples. All calenlations
were performed using Statview 4.01 FPU" (Abacus
Concepts, Inc., Berkeley, CA) ¢n a MacIntosh Ilsi,

RESULTS

Four hundred forty infants were enrolled and ran-
domly allocated to one of four groups: Greup 81,
separats injections of DPT/IPV and PRP.T Lot I;
Group 82, separate injections of DPT/IPY and PRP-
T Lot 2; Group C1, combined injection of DPT/IPV
and PRP-T Lot 1; Group C2, combined injection of
DPT/IPV and PRP-T Lot 2. One infant was with-
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drawn after becoming pale alter the preimmunization
blood sample was obtained. The numbars of infants
in sach group were: 81, 110; 82, 110; C1, 110; and Cg,
109, The total numbers of [nfants completing follow-

up efter doses 1, € and 8 were 439, 491 and 426,
respectively. Completion rates for dose 3 ware 95.8
and 98.2% for combined and reparate vaccine groups,
ruspectively, Participants were remarkably similar in
terms of sex ratio (M:F 1.15:1), ethnicity (87,7% Cau-
casien), gestationk! age (mean, 39.4 weeks), birth
weight (mean, 3482 g), and ages st immunigation.
Parents provided follow.up information after 98.4%
of the 1288 vyccinations.

Thirteen infants were withdrawn (rom the study: 6
because the family movad; 1 becauss the family coald
nat be located; | because of materne! request following
advgrse symptoms after dose 2; 1 bacause of physician
request sfter unconsolzble ¢rying following dese 1; 1
because of devalopmental delsy with onset unrelated
temperally to vaecination: and 3 after severe adverse
cvents leeding to hospitalization within 48 hours of
vaccination (see below).

Local adverse reactions. Local adverse reactions
were more conmon with vaccines contsining DPT/
IPV than with PRP-T given separately and were also
more common sfter DPT/IPV glone than gfter DPT/
IPV/PRP-T (Table 1). Redness occurred significantly
less often after the combined vaccine than sftar DPT/
IPV without PRP-T, at 11.3% vs. 18,2%, respectively,
aftar 24 hours {chi squars, 12.238; P < 0.0005), Both
of these rates of radness were significantly greater
than the 2,65 reported after PRP-T alone (chi square,
65.530; F < 0.00001), Redness =25 mm occurred in
approxirately 2% of infants after DPT/IPV with or
without PRP.T hut in only 0.4% after PRP-T alone.

Tenderness was reported with almost equal fre
quency after combined vaccine end DPT/IPV slone
(23.8 and 26.6%, respectively) but gignificantly more
often than after PRP-T alone (17.3%; chi square,
18.429; P < 0,0001). Modsrate to severe tanderness
was reported in 8.8 and 10.8% of infants receciving
cambined vaccine and DET/IPV, respectively, com-
pared with 4.6% after PRP-T by nueu (ehi square,
30.912; P < 0,00001).

The frequency of swelling (i.e. en incruu in cir-
cumference of 1.5 ¢m) was similar in thoea receiving
DPT/IPV with or without PRP.T, at 13.5% vs. 15.0%,
respectively, rates anly slightly lacger than the 11.4%
reported with PRP-T alone. Among those infants whe
did have swelling, the mean increase in circumfarence
of the thigh was 2.1 = 1.0 (5D) em. Increases greater
than 5 em occurred after only two injections of DPT-
centaining vaccine (0.2%),

Local resctions were almost always more frequent
after Lot 2 than after Lot 1 with each dose of PRP-T
There was a trend for local reactions to Increase wick
successive doses of vaccine,
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\BLE 1. Summary of locs| end systemic od te witer ation of infants at 2 to & months of age with PRP-T
> given separately or combined with DPT/IPY
Redcticn Dos Combined Segorae PRP-T Alons
dnegs: by 41 24 bours ] 17217 (5.2 25/917 (11.8) 37236 (1.4)
Bews ' 2 |08 1187 38/211 (18.5) /a1 (am
1 /210 183} 58/216 (26.5) ARLS 58
Swalling 214 1 1 &y s 25,205 (24 23/200 (13,51
4 £5/206 (12.0) 247208 (13.5) 15/208 (7.2
1 0296 [143) 38/200 (19.2) 33,209 153}
Tendrsmme any a1 34 haun 3 84/017 (255 SA/IE (2L 967216 (148}
) /214 £20.8) R1/EIR (A 2) 400212 {188)
s B4/211 128.0) 637218 (2.0) 215 [167)
Waximum fever BF85'C during firal 3¢ hours | 61214 (9.4) &5/210 300}
2 B9/ (£8.3) 63/202 (082}
3 47208 (214) 337205 {25.8)
Frriahifoy during fowr U4 hooes ) 121217 (53.8) 130/2)8 {681}
7 NI T 115/816 {553}
3 106/2]) (50.2) 113/316 {66}
[reressnd arying donng fisse 24 hours 1 BT (%88 #7/21A (329}
2 A/214 130.5) Y217 (364}
1 36/71) {28.5) &4/216 (315}
Alreeed slegzmig hovess dunng At 24 heen 1 100,317 (4&1) 117/218 (327
2 TB/EL4 {35.1) 517217 %3
A TA/211 (34,5} 717216 {387
Chanpo n ewting hiabica dunng frs 24 beuos 4 72/217 (332 Ta/2i8 1383
2 B E) 9217 (.5)
3 4321 (204) 51/218 (238
Cranges 10 howel hebisa dormng firal 24 bogrs 1 25/217 (4\6) 227808 (101}
] LE/2184B.1) 9217 (184)
El 127211 3.0 131236 5.6)

YDeAs i raeary bat all rate eadpulosaant are e rarber of rvparts Shlaeted I sath jroup et sarh Dotal in tine, Rapons with miadng da ate emvined. Rewls fie PRPT slsoe an
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Systemic adverse events, Assesgment of sys-
nic adverse events was influenced by the occurrence
interaurrant ilinesces (moztly cold and cough syn-
ymes) after 65 imununizations (1.6%) and near-
jversal use of prophyliactic acetaminophen {98.1%
immunizations). Mareover sdditional doses of acet-
inuphen were administered to 45.3% of children
ring the first 24 hours and to 25.6% during the
=ind 24 hours postimmunization,
Nearly all parents ohtained temperature messure-
ints during the initial 24 hours after vaccination.
ver >380°C was detected 10 times more often
1wng infants whose temperature was measured rec-
lly than those with axillary measurements, at 26 of
7{8.0%) campared with 7 of 938 (0.8%), respectively
A squars, 45.415; P < 0,00001}, The incidence and
ight of faver did not differ between the vaccine
sups (Table 1)
Reports of irritability (54.1%), move crying than
ual {35 7%). altered sleeping habits {40.4%), altered
ting hebits (25.2%) ané changes in bowel hebite
(%) were slmos: identical in all vaccine groups
‘able 1). The frequencies of these common systemic
iverse events tanded to be higher sfter the {irst than
ter subsequent doses,
Three severe adverse avents temporally sssociatad
th vaceination resulted in hospitalization: (1) an
fant (Gmup C21 developed supraventeicular tachy-
rdin 48 hours after Dose T which responded
TBmpv on disexin (herapy T2V En infant (Group S1)
31 hospitelized after waking 3 hours after Dogze 1
&k eough. mespiratery distress and cyanosis, Recov-
¥ orcurred within 4 hours. Aspiration or gasiro-

esophagea) reflux was suspected; (3) 2n infant (Group
82) was hospitalized after an eplsode of scresmivg
with apnes or breath-holding 4 hours after Dose 1,
Other adverse reactions reportad in these infants in-
cluded minimal local redness (510 mm) and slight
irritability. Infant 1 had fever of 38.9°C on Day 1 and
38,3"C on Day 2 postvaccination, but Infagts 2 and 3
wore afebrile. All 3 infants recovered completaly. Al-
though the fever may have triggerad the cardiae ar-
thythmia in Infant 1, the cause of the other two
reactions is not clear,

QOverall parentz rated the adverse events experi-
enced as moderate to severe after 17.0% of first doses,
16.8% of second doses and 14.3% of third doses {chi
square, 12,966; P < 0,01). The decline in rating of
adverse events suggests that the parents perceived
that the infants tolerated the vaceination better with
successive doses and/or increaming age. The reaction
ratings were similar in all vaccine study groups.

Serologic responses to PRP-T vaceine. Serum
samples were available in suificient volume for sero-
logie westing againet all antigens from 422 subjects of
the 427 who received all 3 doses of vaccine (98.8%).
Omissions wers the result of withdrawsl from the
study ar inadequate or no sample. The distribution of
anti-PRP titers at study entry (2 months of age),
reflecting meternally derived aatibody, was compa-
rable among the four groups (Table 2). The proportion
of al! infants with detactable anti-PRP antibody
(20.06 ug/ml) was 37% (range arsong groups, 35,5 to
40.6%). The GMT ranged from 0.11 to 0.12 ug/ml
There were no statisticelly significant differences in
GMTs emong the 4 groups,
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TABLE 2. Coneentrations of anti-PRP antibody in infants vaccinated at 2, 4 and 8 months of age with FRP-T given
separately or combined with DPTIPV

Antl-PRF
A 1 monihs Aze d meniv A B menthe
= =
No.x Nem . No < N, = No.< No:=
oMT Claa CMT Clpe M7 Clas \
o gy U MO Gl O e e g 4o
Separetn
Lol 126 o DAS-004  TOLETIN 6 (0A) o458 AB-06T LTS 360260 an -85 B0 BN
Lot 2 ™7 041 Co9-0a4 TI(SBA  G{e7) 041 051058 26034 2623 AT LA (L9 DA O
Cambined
Lait 106 042 009015 ME(883) G(AT) uan 020-03¢ AMAT) W27 105 L7300 6{a7)  A2{%Ma)
Let2 W  ou em-d TR E(T) =] 0317-030 451848) 130N 15 236-242 S1TA) e0(687)

At 6 months of age, i.e. 2 months after the second
dose of vaccine, there were statistically slgnificant
differences in the responses to PRP.T. After separute
and combined vaceings, respectively, the GMTa were
0.42 vs, 0.24 ug/m! (P < 0.05), the proportions of
infants with anti-PRP concentrations =10 ug/ml
were 25.1 and 15.2% (chi square; 6,437, P < 0.025),
and the proportions of infants with no detectabie anti-
PRP antibody (<0.06 sg/ml) were 20.9 and 33.2% (chi
square, 8,125; P < 0,005).

One month sfter the third dose of PRP-T, 98.1% of
subjects had datectsble anti-PRP antibody and 75%
had =100 gxp/ml The GMT of 2nti-PRP antibody
overall was 2.37 ug/ml (Cls 1.88 to 287 ug/mi).
Antibody responses to PRP-T were greater after sep-
syate than after combined vaccines, Although the
differences in GMT were not statisticaily significant,
they were consistent with the lower GMTs seen in
cara obtained after the second dose,

Pertussis responses. Serclogic assays were per-
formed for the components of DPT/IPV on sera ob-
tained approximataly 4 weeks after the last 3 dose of
DPT/IPV vaccina had been sdministered (blood taken
at 7T months).

Pertussis agghutining were detected in all but 2
subjects and 95.3% had titers =64. The groups given
separate and combined vaccine had similar responses
to pertussis in tertns of distribution of titers and
GMTs (Tsble 3). However, the prepartien of infents
attaining high titeys (>256) after combined vaccine
was significantly lower than afier separste vaccine:

49.8% wversus 50.2% (chi aguare, 5.920, P < 0.005). Ne
significant differences in GMTSs of antibodies to per-
tussis toxin, Glamentous hemegglutinin, 69 kD pro-
tein, or fimbrial agglutinogens 2, 3 were obeerved
among infants in the 4 vaccine groups. A3 with the
difference in pertussis agglutinins, there was 3 trend
for lower GMTs In response to pertussis toxin, fila-
mentous hemagglutinin, 69-kDa protein, end fimbrial
agglutinogens 2, 3 ameng infents recelving combined
vaccine. None of these differanced was statistically
significant except thas for 69-kDa protein (chi square,
9.153; P < 0.023).

Diphtheriz antitoxin. There was no difference in
diphtheriz antitoxin responses after combined or sep-
avate vaccines, Only five infants (1,2%) did not de-
velop the minimum protective level of diphtheria an-
titoxin (20,01 [U/ml) after the third dose of vaccine
{Table 3). The overall propertion with =0.1 1U/ml of
diphtheria antitoxin was 73.6%.

Tetanus antitoxin, Only 1 infant (0.02%) did pot
develop a protectiva titer of tetanus antitoxin (20.01
TU/m!) after the third dose of vaczine (Table 3). The
propertione with antitoxin concentrations < 0.1 IU/
ml were eimilar after separate and combined vaccine,
1.9 8nd 4.3% (P = 0,259, Fisher's exact test). However,
the geomerric mesan antitoxin concentrations were
significantly lower aftar combined than after separate
vaccing. The Jot of PRP.T did pot affect tetanus
antitoxin titers. The GMT (Closy) after sepazate vac-
cine was 0.76 IU/ml (range, 0.88 to 0.86 IU/m]) com-
pared with 0.50 [U/ml (range, 0.42 to 0,60 [U/ml)

TABLE 3. Concentrations of antibody to pertussis, diphtheria and tetanus in infants ut 7 months of age, 1 month after
veccination with three doses of PRP-T given ssparately or combined wish DPT/IPV

Genmetsic Mean Titer
Asibedy . Raclproat of S s
assay Paressts wxin ®  o-kDapeowis  Pimheist sgghetinagens Diphtraria T rtasue anlisevin
e (AW b ) T i b7 sexin QU/mi| U my
rale
s.zt 1 3 18T [158-2030* A8 (MA-RY] A5 (63-81) 241305473 AbE (11.408) 024018033  O7C a0kl
U'-I:I:l:ld 307191 (180228 S46(05-T08) 53 (BE1003) 413 (M-510) 459 (327480 047 {02105 282 0.71-096)
n

Lot 105 130 (108-188) 383 117.0454) BT @484 450 (L40-93%) 109 [222-004) 028 (030-034) .43 (041.038)
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ar combined vaccine, The lower GMT appears to
te been the rosuln of & smaller proportion of children
aining high titers (>2.0 [U/ml) after the combined
cine The proportions of infants with 22,0 ug/ml
antitnxin afler separate and combined vaccines
re 12,3 and 3.3%, respectively (chi square, 11.867;
20,001).
2glio-neuwtralizing antibody. The results for an-
ody e type 1, 2 and 3 poliovirus are presented in
ble 4, The preportions of infants with titers =8
ur 3 dnsas of type 1, 2 end 3 peliovirus vaccines,
pectively, wera 50.3, 97.9 and 1007%. significant
ferences were seen (0 responsas 1o separate or com-
1ed vaceines.
Analysis of immunologic interactions between
jecinea. [n order to nssess the antibody raspenses
the combined end separate groupe for poszidle
teractinns among antigons, the GMT responses were
alvzed by the Friedman test. The mean ranks of the
tibady responsges in C1, CZ, S1 and S2 were 1.6, 1.9,
§and 3.9 (1 being lowest and 4 highest ranking).
12 differences in ranks were highly significant (chi
uare 13 of 783 P = 0.0032), suggesting that signif-
it intersctions amopg vACCInG components o¢-
rrec |n the combined group.

ISCUSSION

This was & well-cdntrolled comparison in termy of
£ uniformity of subjects, balanced randomization,
wellent adherence to the intended schedule of
ents. tull complisnee with adverse events monitor-
£ anc very high rates of protocol completion,

Local adverze resctions to both lots of PRP-T vae-
ne were [nfraquent and mild. A slight Increase was
wn witl eucopssive doses. Local xedness, swelling
'd tendeorness were significantly more common alter
1e¢ines containing DPT/IPV than after PRP-T
one, Unexpeciedly the reaction rates were lowes
ter the combined DPT/IPV/PRP-T than after
PT/IPV,; the reasens for this were unknown. No
gnificant differences in systemic adverse events were
ten arter separate snd combinad vaccines, The rates
? advirse cvents reported in this study were similar

'ABLE 4, Concantrations of antibedy to palio zypes 1 to
ta infants at 7 menths of age. I month r vacsination
¥ith ragee dees of PRP-T given raparstely or combined

with DPT/IEV
Neweralipttioe titer (Raripeozel of Geumetric Meas Tltar
Amibvety  Swsaree Combined
S ———— e
o v | g Lot | Lot
In o= 1044 1o = 1137} 1w VO (== 105)
o SUUNOIUR oul\\
Privu sopa | 4 A28 24 ™
14N 236-45%) 11R3-318) (195-390)
Pedie Lspnd " U 197 1
A - 11412700 IFu-d51
Pl tppe 3 1047 Lot

) 240
1738-1a20) iT9-1207)  16A3-12830) (8T2-13L51

SNurter :..-.. Srwn Blaey

THE FEDIATKIL INFEUTIUUS ULSBABE swupisak

to those observad in trialz of DPT/PRP-T without
Ipv.ll.li.iﬁ."'\’Y

Although no differences in antibody responses to
diphtheria toxeid or IPV were observed botween the
combined and separate groups, significant interac-
tions did eceur in the combined group in relation to
pertussis vaccine, tetanus toxcid and PRP-T. The
proportion of infants with pertussis aggiutinin titers
=856 was significantly lower aftar combined than after
separate vaccine (30.8% ve 50.2%, P < 0.005) even
though the GMT's were similar. The tetanus antitoxin
responses after both saparate and combined vaccines
were significantly lower than thoge observed in the
Vancouver-l study of DPT/PRP-T which did not
contain IPV.¥ In the Intter study the overall GMT
(Cligs) was 0.8 TU/m! (range, 0.8 to 0.9 IU/ml) and
46.1% had 21.0 IU/ml. In contrast the GMTs (Clyss)
in this study were 0.76 [U/mi (range, 0.68 to 0.85)
nfter separate and 0.50 [U/ml (range, 0.44 to 0.57)
after combined vaccine. The proportivns with 21.0
IU/m] were 374 and 21.3%, respeetively.

The results of published clinical trials comparing
sdministration of PRP-T in combined or sepsrate
injections are summerized in Table § in terms of GMT
and the ratio of GMTs achieved in infants receiving
combined vs. separate vaccines (C:S ratio). The C:8
ratio wax used in order to compare studies in spite of
the varizbility arising from the use of different lots of
vaccines and the performence of antibody assays in
different laboratories. The DPT vaccines used in the
Chile-1, Chile-2 and Vancoover-1 studies were man-
ufsctured by Merieux,’® Connaught Laboratories, Ine.
{Swiftwater, PA)* and Connaught Laboratozies, Ltd.,
respectivaly,” Different lots of PRP-T were used in
all four studies, Only in the Vancouver-1 study were
the GMTs of anti.PRP higher after combined than
separate Injections. In the other studies the C:3 ratios
were all <1.0, The mean C:S ratio for all the studies
was 0.82 with & Clwss of 0.51 to 1.13,

The GMT5s of anti-PRP antibody observed in the
current study using DPT/IPV were the lowest re-
ported in any published study of PRP-T. In the Van-
couver-1 study the averall GMT of anti-PRP antibody
wag 4,28 pg/ml (Clye 379 t0 4.84), significently
greater than the overall CMT of 2.37 pg/ml (Clazn
1,96 t6 2.97 ug/ml) observed in the current study, [n
the earlier study with DPT/PRP-T, B8% of infants
had enti-PRP conceptrations =1.0 pg/ml compared
with 75% with DPT/IPY/PRP-T vaccines (chi
square, 23,233, P < 0.0001).

The results of the Chile.1 and -2 and Vancouver-1
and -2 studies in terme of C:S ratios of antibedy to
diphtheria, tetanus, pertussis and PRP-T antigens are
summarized in Table 5. Although no differences in
responses to diphtheria toxoid were obgervad in com-
bined and seperate groups in any study, the mean C:S
ratios weare less than 1.0 for all other antigens. The
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TABLE 5. Comparisen of mﬁbogvupon-t of infants immunized in 4 different clinical trials at 2, 4 and 6 months of age
with DPT, OBV or IPV and PRP-T voceines sdministerad seporatsly o cambined

CMT AaU-FRP

€13 Ratjen
Place Vostize /=) 3
Combined  Separsis-  PABT 0 T P-Agp BT FHA
Chllaa® DP7, OPV, PRP-T 10 i 048 10 . o o8 Lt
i DPT, CPV, PRP.T &9 .15 0.0 134 7 1% 140 LR
Vancaaver 17 DPY, CEV, PR2.T (%N A 130 L@ L 088 050 H
(Lot 3)
DPT, OFV, PRP-T 37 (8 Lo E- ] ar 048 a8 o
(Lot 4)
Nawomyper-2* DET,OFV, PRP.T 238 b akt 103 0 (18} 'Rl 103
(Let 1)
DPT, OPV, PRP-T L Lm 0Es 1% ngz ase (23 037
Men ®)
Mean G 17 o 0438 247 n
Clge 063108  QSLIAL 085098  048-L3 097187 09100
* Cutrest maty,

0. fphihens sachd, T, etsves taneish P Agy, phrvsass sgleliniyl P, porsusals owd, PHA, leretonns hamaiy) vinin

reduction in mean C:S ratio reached statistical uignif-
icance only for tetanus antitoxin: mean 0.79; 9%
confidence intervel; 0.63 to 0.85.

The causes of the interactions ameng antigens in
both ths quadrivalent and pentavaient vaccines are
not known. Tbe hypotheais that the tetanus toxsid
conjugate is invalved in producing the interactions is
supported by the lack of such jntersctions after vac-
cination with combined DPT H. influenzae-CRM con-
jugate (HBOC) vaccines.* ** However, the Jatter prod-
uct s a true liquid combination vaccine with optimal
formulsation conditions for each monovalent compo-
nent so that results witk HbOC cannet be compared
directly with ¢hose of the current study in which fiquid
DPT/IPV was used as the diluent for lyophilized PRP-
T. A separate role for IPV in the interaction has been
reported in terms of depression of pertussis responses
in infants vaccinated with DPT concurrently or com.
bined with TPV ™ The effects were similer with both
lots of PRP-T tzed in this study although titers to all
vaceine components were almost always lower after
Lot 1 than after Lot 2 of PRP-T, whether ipjected
separately or in combination. Whether other lots of
DPT/PV or PRP-T would bohave In a similar way
cannot be addressed by these data, Given the wide
range of potency permitted by regulation for pertussiz
vaccine {L.e. 4 to 12 mouse protection units/dose), it
will be important o detarmine in postlicensitre studies
whether other lots of DPT snd DPT/IPV produce
similar or greater depressions of antibody responses,

The clinical relevance of the reduced antibody con-
centrations in relation to protection agsinst disease is
unknewn. The combined DPT/IPV/PRP-T vaccine
inducod tetanus and diphtheria antitoxin titers x0.01
{U/tml in 99.5 and 89.1% of infants, respectively; per-
tussis sgglutinin liters =64 in 92.4%; anti-PRP sero-
responses 20.15 pg/ml in 83.8%; and anti-PRP =1.0
wg/mlin 76.1% apd neutralizing antibody titers of =8
sgainst 98.1 to 100% of poliovirus types, Although it
may be of cencern that ons-third of infants hed no

sarologic response to PRP.T after the second dose of
combinad vaceine, almost all infants did respond to
the thizd dose. These results suggest that the inter~
sctions observed with the combined vaceing are un-
likely to reduce the short term protective efficacy of
any of the components of the vaccine, However, the
reduced titars of tetanus antitoxin, pertussis antibed-
jes and anti-PRP could affect the duration of protec-
tion after completion of the primary series, particu-
larly in the several monthe preceding the baoster dose
at 18 months of age. Since protection agsinst tetanus
réquires the presonce of 20,0t IU/ml of sntitoxin,
infants whose titers fall below this value would be at
visk. If the reduced antibody responses are shown to
have no significant impact on protective efficacy, the
pentavalent vaccine appears to offer a substantial
incresse in convenience of vaccine dolivery.
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