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ABSTRACT. This is the first study in children from the
United States that evaluates the immunogenicity of and
adverse reactions to the Connaught/Biken two-compo-
nent acellular pertussis vaccine compared with whole-
cell pertussis vaccine when given as a primary immuni-
zation series at 2, 4, and 6 months of age. Three hundred
eighty infants were studied; 285 received acellular diph-
theria-tetanus toxoids-pertussis (DTP (ADTP)) and 95
received whole-cell DiP (WDTP). Following the third
dose, ADTP vaccination produced higher antibody re-
sponses than WDTP to lymphocytosis-promoting factor
(enzyme-linked immunosorbent assay IgG geometric
mean titer (GMT) = 131 vs 9 and Chinese hamster ovary
cell assay GMT 273 vs 16) and to filamentous hemag-
glutinin (IgG GMT 73 vs 10) (all P < .0001). Agglutinin

responses were higher in WDTP compared with ADTP
recipients (GMT = 50 vs 37; P .02). Local reactions were
fewer for all three doses following ADTP vaccination.
Fever, irritability, drowsiness, anorexia, vomiting, and
unusual crying all occurred less frequently in ADTP
compared with WDTP recipients for one or more of the
three doses. We condude that this two-component ADTP
vaccine when given as a primary series produces greater
immunogenicity and fewer adverse effects than the cur-
rently licensed WDTP vaccine. Pediatrics 1992;89:882-

887; Acellular pertussis vaccine, whole-cell pertussis vac-
cine, lymphocytosis-promoting factor, filamentous he-
magglutinin, immunogenicity.

ABBREVIATIONS. FHA, filamentous hemagglutinin; LPF, lym-

phocytosis-promoting factor; WDTP, whole-cell diphtheria-tetanus

toxoid-pertussis; ADTP, acellular diphtheria-tetanus toxoid-pertus-

sis; ELISA, enzyme-linked immunosorbent assay; GMT, geometric

mean titer.

Bordetella pertussis, the etiologic agent of pertussis
or whooping cough, attaches to respiratory epithelial
cells by means of filamentous hemagglutinin (FHA)
and releases pertussis toxin (or lymphocytosis-pro-
moting factor (LPF), a protein responsible for causing
both local and systemic manifestations of disease.
Pertussis is highly communicable (attack rates of more
than 90% have been reported for unimmunized
household contacts), cause cause significant morbid-
ity, including pneumonia, seizures, and encephalop-
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athy, and has an estimated mortality of 0.7% in US

children younger than I year of age.’ General use of
standardized whole-cell vaccine since 1951 in the US
has resulted in a substantial reduction in morbidity
and mortality from pertussis. Evidence of whole-cell
diphtheria-tetanus toxoid-pertussis (WDTP) vaccine’s
efficacy is provided by the recent British experience,
in which reduction in the proportion of immunized

individuals from 79% in 1973 to 31% in 1978 was
associated with an epidemic of 102 500 pertussis cases
and 36 deaths between late 1977 and 1980 and 1 440

cases �er week reported during the winter of 1981 to
1982. A similar situation occurred in Japan.3

Although the WDTP vaccine has been successful
in preventing pertussis disease, a significant number
of adverse reactions have been reported: (1 ) fever
greater than 101#{176}F(38.3#{176}C) and local reactions in
50% of vaccine recipients; (2) convulsions following
its administration in 1 in 1 750 doses; and (3) hypo-
tonic, hyporesponsive episodes following its admin-
istration in 1 in 1 750 doses.4 A large case-control
study in Britain (National Childhood Encephalopathy
Study) estimated that permanent neurologic deficits

may occur after its administration in 1 in 310 000
doses of WDTP.5 However, a reanalysis of this and
similar studies recently has led to the widely held
conclusion that a causal association between WDTP
vaccination and permanent brain damage has not
been demonstrated.6’7

Concerns regarding the adverse effects associated
with WDTP have led to efforts to develop purified
subcomponent or acellular vaccines that induce pro-
tection against pertussis but cause fewer adverse re-
actions.8 The LPF and FHA components of B pertussis
are thought to be the key immunogens for protection

and are incorporated into all of the acellular vaccines

produced in Japan including the one produced by
BIKEN (Osaka, Japan).9 These antigens have been
purified and shown to contribute to protection in the
animal models used to evaluate pertussis vaccines.’0
According to Pittman, FHA should induce a local
antiadhesive response of relatively short duration,
whereas LPF should induce a humoral antitoxin im-
munity responsible for long-term defense against the

effects of disease.”
This is the first US study of the immunogenicity

and reactogenicity of the two-component Con-

naught/BIKEN acellular diphtheria-tetanus toxoid-

pertussis vaccine (ADTP) in infants at 2, 4, and 6
months of age. This ADTP consists of equal parts of
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LPF and FHA. A currently licensed whole-cell diph-

theria-tetanus toxoid-pertussis vaccine (WDTP) was
used in a control group. Both pertussis vaccines were
combined with aluminum potassium suif ate-ad-
sorbed diphtheria and tetanus toxoids. Except for a
more prolonged inactivation, the acellular pertussis
vaccine evaluated in this study is identical to the two-

component vaccine (LPF and FHA) used in the Swed-
ish 1987 efficacy trial involving 7- to 10-month-old

infants.’2

Study Design

MATERIALS AND METHODS

In this �blind,” 3:1 randomized trial 285 children received acel-

lular DIP (ADTP) and 95 children received whole-cell DTP

(WDTP). Infants were vaccinated at 2 months (6 weeks to 3
months), 4 months (± 2 weeks), and 6 months (± 2 weeks) of age

after informed consent was received from the child’s parents, as

approved by the University of Rochester Human Subjects Review

Board or the Western Investigational Review Board, Olympia, WA.
Children were recruited from two private suburban pediatric

practices: the Elmwood Pediatric Group in Rochester, NY, and

Pittsburgh Pediatric Associates, Upper St. Clair, PA. Children were

excluded according to criteria established by the American Acad-

emy of Pediatrics.’3

Vaccines

The acellular pertussis components (BIKEN, Osaka, Japan) con-

sisted of 3.75 �g of protein nitrogen of LPF antigen and FHA

antigen of at least 99% purity per 0.5 mL. Both proteins were

inactivated with formaldehyde. Diphtheria and tetanus compo-

nents of the vaccine were added by Connaught Laboratories, Inc.
Swiftwater, Pennsylvania; the final formulation was to contain 6.7
flocculation units of diphtheria toxoid and 5 flocculation units of

tetanus toxoid in an 0.5-mL dose. The vaccine was adsorbed to

aluminum potassium sulfate, with a final concentration of 0.2 mg
of aluminum/mL and 0.01% weight/volume thimerosal as a pre-

servative. The WDTP vaccine was commercially available, licensed

by the US Food and Drug Administration, and manufactured by

Connaught Laboratories. This product has 6.7 flocculation units of

diphtheria, 5 flocculation units of tetanus toxoid, and 4 protective
units of pertussis antigen per O.5-mL dose. The vaccine was pro-
vided in vials and injected intramuscularly into the anterolateral

thigh.

Clinical Evaluations

Each child had an initial physical examination performed and

history obtained when recruited into the study and was examined

briefly before each scheduled immunization. Following the admin-

istration of each dose of vaccine, all infants were monitored in the

clinic for 15 to 30 minutes for signs or symptoms of reactions.

Parents routinely measured their child’s rectal temperature at 6,
24, and 48 hours after vaccination and subsequently thereafter if

fever occurred during the 14-day observation period. Parents were

asked to record on a questionnaire whether their infant was more

fussy (irritable), more sleepy (drowsy), cried persistently (longer

than 3 hours), cried unusually (high-pitched), ate poorly (anorexia),

or vomited. Parents were asked to record the presence or absence
of infection site tenderness, redness or swelling and the size if

greater than 1 inch. Acetaminophen was not given to children

routinely. If a child had a fever greater than 101#{176}F (38.3#{176}C) or

signs of pain or discomfort, then a standardized acetaminophen

dose was prescribed (10 to 15 mg/kg per dose orally every 4 hours,
as needed). Nurses inquired about systemic and local reactions

during their routine telephone contacts with the parents; if any

significant reactions were observed, daily contact was maintained

until the reaction subsided and/or it was determined that the infant

needed to be examined by a physician investigator. All clinical data
provided by parental diaries and interviews were included in the

analysis.

Children were withdrawn from the study if, according to Amer-

ican Academy of Pediatrics recommendations, further doses of

DIP were contraindicated or if parents requested withdrawal.

Antibody Studies

Venipuncture blood samples were drawn from the infant’s an-

tecubital vein prior to the first immunization, 2 months after the

second immunization, and 1 month after the third immunization,

at age 2, 6, and 7 months, respectively, for antibody testing. All

specimens were coded to ensure that testing was performed blindly,

and all available blood samples were analyzed for as many anti-

body responses as possible until the supply of sera was depleted,
except for the agglutinin assay, in which a random subsample was

tested.

An indirect enzyme-linked immunosorbent assay (ELISA)

method was used to determine antibody responses to pertussis
toxin (LPF), filamentous hemagglutinin (FHA), and tetanus toxin.’4
Purified LPF and FHA were obtained from List Biologicals (Camp-

bell, CA), and tetanus toxoid was purified production material

prepared at Connaught Laboratories.

ELISA Methods

Antigens were dissolved in 0.1 M sodium carbonate buffer (pH

9.6), and 50 gL were coated onto flat-bottom polystyrene microtiter

plates (Dynatech Laboratories, Inc) by incubation overnight at room
temperature. Plates were washed three times with 200 � of

phosphate-buffered saline containing 0.5% (v/v) Tween 20. Serum

to be tested was added (50 gL, total) as a twofold dilution series

diluted in phosphate-buffered saline/0.05% Tween 20 containing

10% (v/v) goat normal serum, and it was allowed to bind to antigen

for 3 hours at room temperature. Plates were washed three times

with 200 ML of phosphate-buffered saline/Tween 20 followed by

the addition of alkaline phosphatase conjugate; they were then
incubated for 3 hours. After three additional washes with phos-

phate-buffered saline/Tween 20, 100 �oL of Sigma 104 substrate at

I mg/mL was added. Color formation was terminated by the

addition of 20 4 of 5 N NaOH, and absorbance at 405 nm was

measured.
Antibody titers against B pertussis antigens were calculated as

ELISA units per milliliter by comparison with a pool of convalescent
antisera of assigned unitage included as a reference on each micro-
titer plate by use of a parallel line calculation program. Convales-

cent serum pools used as references were provided by Dr Charles

Manclark’s laboratory, CBER (Center for Biologics and Experimen-
tal Research). Antitetanus titers were calculated as equivalents per

milliliter by comparison with a pool of sera prepared at Connaught

Laboratories from a group of volunteers immunized with diphtheria

and tetanus toxoids; the sera pool was assigned a value of 1.0

equivalent per milliliter. Anti-tetanus ELISAs measured IgG, IgA,

and 1gM; all others ELISAs measured IgG.

Tissue Culture Methods

Anti-LPF titers were also measured by a neutralization assay
utilizing Chinese hamster ovary cells. Chinese hamster ovary cells

(ATCC CCL-61) were (1) grown in Minimal Essential Medium

supplemented with 10% (v/v) fetal bovine serum, nonessential
amino acids, L-glutamine, and gentamicin and (2) seeded at a

density of approximately 5 x iO� cells/well in sterile 96-well

microtiter plates containing pertussis toxin (List Biologicals) and

twofold serial dilutions of the sera to be tested. Plates were incu-
bated at 37#{176}Cfor 42 to 54 hours with 3% to 5% CO2 and humidity.

Results are reported as the reciprocal of the highest dilution in

which the test sera provided complete protection from the cluster-

ing effects of LPF.

Anti-diphtheria responses were evaluated by measuring the

ability of test sera to protect vero cells (ATCC CCL-81) from
diphtheria toxin.’6 Cells were grown in Eagle’s Minimal Essential

Medium supplemented with 5% (v/v) fetal bovine serum, nones-
sential amino acids, L-glutamine, gentamicin, and 0.003% (v/v)

phenol red. Approximately 7.5 x 10� vero cells per well were added

to sterile 96-well microtiter plates containing diphtheria toxin (pre-

pared as a production intermediate at Connaught Laboratories) and

twofold serial dilutions of the sera to be tested. Wells were overlaid
with sterile mineral oil, and plates were incubated at 37#{176}Cfor 6 to

7 days without CO2. Results are reported as units per milliliter, by

comparing them with US Standard Diphtheria Antitoxin (CBER).

The values reported are the highest dilution of serum that allowed

cell metabolism in the presence of four times the minimum cyto-
pathic dose of diphtheria toxin. The minimum cytopathic dose was
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confirmed empirically for each test by performing a toxin titration

control.

All tissue culture methods were performed using aseptic proce-

dures under laminar flow.

Microagglutination Assay

Antibody responses against surface components of B pertussis
cells were measured by use of a microagglutination assay.’4 Inac-

tivated B pertussis strain BB240 (CBER) was added to U-bottom

microtiter plates (Linbro) containing physiologic saline and twofold

serial dilutions of sera to be tested. Sera to be tested were macti-

vated at 56#{176}Cfor 30 minutes prior to testing. After vigorous mixing,
plates were incubated at 35#{176}Cto 38#{176}Cfor 16 to 24 hours. Results

are reported as the reciprocal of the highest dilution that showed

agglutination. US Lot 2 Antipertussis Serum (CBER) was used as

an internal control for all tests.

Statistics
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Systemic Reactions

Systemic reactions tended to peak at 24 hours
following vaccination with both products (Fig 1). A
lower incidence of fever >101#{176}F (P = .003), imtabil-
ity (P <.0001), drowsiness (P <.0001), anorexia (P

<.0001), vomiting (P .004), and unusual cry (P

<.0001) was noted in ADTP compared with WDTP
vaccinees when reactions were pooled for all three
doses. Unusual or “high-pitched” crying was recorded
in the parent diaries relatively frequently; persistent
crying was reported in one vaccinee (ADTP, dose 2).
Very few of the “unusual or high pitched” cries were,
in fact, abnormal. In nearly all cases, these reports
related to parents recollection of the crying associated
with vaccination and/or venipuncture at the study
visit. The distinction between normal and abnormal

cries was based on questioning of the parent regarding
the character of the cry, the degree of disruptiveness
of the crying, and the exact timing of when the crying
occurred in relationship to the vaccination and veni-
puncture.

An infant receiving ADTP who was drowsy (P =

.001) or anorectic (P = .001) on his or her first
vaccination was at increased risk of that reaction at
subsequent vaccinations; for WDTP vaccinees, first-

dose irritability (P = .001) increased their risk for
subsequent irritability. Reactions tended to subside
more slowly in the WDTP group compared with the
ADTP group. No late-developing reactions during the
14-day postimmunization monitoring period were

noted after any of the three doses of either vaccine.

Reaction rates at 24h
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x2 and Fisher’s exact probability tests were used to compare the
rate of each adverse reaction by type and dose of vaccine. Analysis

of variance (ANOVA) was used to control for any effect of vacci-
nation sequence. Geometric mean titers (GMT) of antibodies against

diphtheria and tetanus toxoid, LPF and FHA, and agglutinins were

compared by use of t-tests. Due to the multiple comparisons tested,

only a P � .01 is reported as significant.

Local Reactions

RESULTS

Local reactions had a tendency to peak 6 hours
following vaccination; resolution was noted in most

cases to begin at the 24-hour or 48-hour assessment
(Fig 2). When the 6-hour local reaction data were
pooled for all three doses, any reaction, any tender-
ness, any erythema, any erythema more than 1 inch,
any swelling, and any swelling more than 1 inch (P
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Fig 1. Systemic reactions following acellular diphtheria-tetanus

toxoid-pertussis (ADTP) compared with whole-cell diphthena-tet-

anus toxoid-pertussis (WDTP) vaccinations at 2 months (dose 1), 4

months (dose 2), and 6 months (dose 3) of age. ‘ indicates statisti-

cally significant differences at P � .01 for each respective reaction

at each dose.

<.0001) were all significantly less common following
ADTP vaccination. An infant receiving ADTP who
had a local reaction on his or her first vaccination was

at increased risk at a subsequent vaccination for any
reaction (P = .0003) and for tenderness (P = .0001);
WDTP vaccinees were at increased risk for any reac-
tion (P = .0004), tenderness (P = .0004), and swelling
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(P = .0007). No delayed local reactions were reported
during the 14-day monitoring period for either vac-

cine group.

Immunogenicity

Significantly higher levels of IgG antibody follow-
ing the second and third ADTP immunization were
observed for both LPF and FHA (Fig 3). Agglutinin
responses were virtually identical for the two vaccine

groups following the first two vaccinations. However,
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Fig 2. Local reactions following acellular diphtheria-tetanus toxoid-

pertussis (ADTP) compared with whole-cell diphtheria-tetanus tox-

oid-pertussis (WDTP) vaccinations at 2 months (dose 1), 4 months

(dose 2), and 6 months (dose 3) of age. #{149}indicates statistically

significant differences at P � .01 for each respective reaction at

each dose.

- A-DTP
= W-OTP

.p - 0.02

7 ino�

Fig 3. Serologic responses preimmunization (subject age 2 months)

and following two doses (age 6 months) and three doses (age 7
months) of acellular diphtheria-tetanus toxoid-pertussis (ADTP)
compared with whole-cell diphtheria-tetanus toxoid-pertussis

(WDTP) vaccine. The number of infants included in the analysis
for ADTP vs WDTP were 269 and 80 for LPF, 269 and 80 for FHA,

263 and 77 for Chinese hamster ovary (CHO) cell, and 177 and 58

for agglutinin responses, respectively.

following the third vaccination, GMT agglutinin re-
sponses were higher in the WDTP group (P = .02).

Diphtheria antibody levels at 2, 6, and 7 months of
age for the infants were 0.10, 0.07, and 0.5 U/mi for
ADTP vs 0.09, 0.06, and 0.58 U/mi for WDTP (P =

not significant (NS)). Tetanus antibody levels were
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0.04, 0.04, and 0.3 arbitrary units following ADTP
vaccination and 0.04, 0.04, and 0.3 arbitrary units
following WDTP vaccination (P = NS).

The percentage of infants showing a fourfold in-

crease in antibody from 2 months to 7 months of age
were as follows for the ADTP vs the WDTP groups,
respectively: LPF IgG 90%, 22% (P <.0001); FHA IgG
71 %, 21 % (P <.0001); Chinese hamster ovary cell
88%, 15% (P <.0001); agglutinin 35%, 44% (P = NS);
diphtheria 62%, 63% (P = NS); and tetanus 64%,
68% (P = NS).

Withdrawals

Thirty-one of the 380 children withdrew from the
study. Thirteen of 285 children withdrew from the
ADTP group: six refused follow-up phlebotomy
(safety data if provided were included in the analysis),

six moved from the study area, and one parent de-
dined continued participation due to the infant’s “ex-
cessive irritability” after the first dose; the baby re-
ceived DT vaccine thereafter. Eighteen of 95 children
withdrew from the WDTP group: seven had a suffi-
ciently severe reaction for the parent and/or investi-
gator to discontinue participation in the study and
administer DT vaccine; three had true high-pitched
crying; two refused follow-up phlebotomy, two ex-

perienced hypotonic/hyporesponsive episodes fol-
lowing the second vaccination; three moved from the
study area; and one child developed culture-con-

firmed pertussis of moderate severity following the
first vaccination. Not all parents provided reactogen-
icity data after all vaccinations, and in some cases the

blood samples were insufficient for reliable antibody
analysis. However, all data available were included
in the analysis even if incomplete for any single
vaccinee.

DISCUSSION

In this, the first study of the Connaught/BIKEN
two-component acellular pertussis vaccine in US in-

fants ages 2, 4, and 6 months, greater safety and
enhanced immunogenicity were observed compared
with commercially available, licensed WDTP vaccine.

Evaluation of adverse effects from vaccination could
only focus on more commonly occurring side effects
because of the number of infants studied. We attribute

the occurrence of two episodes of hypotonic hypores-
ponsive episodes in the WDTP group to chance.

The low frequency of fever in the WDTP vaccinees
is notable. We would have predicted a higher fre-
quency of fever with the commercially available
WDTP, based on our experience with this product in
previously conducted studies in similar age

groups.’7”8 Due to increased parenteral concern and
litigation in the United States, we speculate that man-

ufacturers may have reduced the amount of pertussis
antigen in their vaccine products, while still meeting
US Food and Drug Administration licensure require-
ments (this could not be corroborated with the man-
ufacturers). Perhaps this accounts for the low rate of
febrile reactions in the WDTP group.

A high incidence of drowsiness and irritability were
reported in recipients of both vaccines. Given the
prolonged disruption in the infant’s routine schedule

for enrollment, vaccination, and postvaccination ob-
servation, as well as for venipuncture, it is not sur-
prising that many of the children were tired and
irritable.

A higher than expected rate of unusual “high-

pitched” crying was noted. Parents were not given
any instructions on how to characterize their child’s
crying and during the monitoring process it was de-
termined that many parents were referring to the
“unusual” cry that their infant gave in response to
vaccination and/or venipuncutre. In order not to bias
parental reporting, we elected not to provide any

alternative explanations after parents had completed
the questionnaire, but did determine by phone call

the exact nature of infant crying to decide whether
additional pertussis immunizations could be admin-
istered.

IgG antibody levels to LPF and FHA following two
vaccinations with ADTP were substantially higher
than those observed following WDTP. Further boost-

ing of responses and additional greater differences
between ADTP and WDTP for LPF and FHA anti-
body levels were observed following the third vacci-
nation in the primary series. Chinese hamster ovary

cell results, which reflect LPF antibody titers, likewise
showed much greater increases with ADTP than with

WDTP. These differences were to be expected because
this ADTP vaccine contains purified LPF and FHA in

considerably higher amounts than WDTP. However,
the minimal increase in antibody to LPF and FHA in
a licensed WDTP product is surprising. This finding
is consistent with our speculation that WDTP vaccines
as currently produced contain less pertussis antigen
and suggests limited immunogenicity of licensed
WDTP with respect to inducing LPF and FHA anti-

bodies.
The microagglutination assay deserves special note.

This assay measures any antibody that can cause
agglutination of B pertussis. It is well established that
BIKEN two-component ADTP vaccine contains no
agglutinogens (fimbriae2,3) nor any 69 kilodalton

outer/membrane protein.9”9’20 It therefore would ap-
pear that the agglutinating activity measured in the
microagglutination assay in the ADTP recipients most
likely reflects anti-FHA antibody. Although WDTP
vaccine has been reported to be an adjuvant for

diphtheria and tetanus toxoid antibody responses, no
differences in antibody response were observed in
the two vaccination groups for these antigens.

In summary, considerable interest exists for the
development and rapid licensure of ADTP vaccines
in the United States, due to the perception that the

currently available WDTP vaccine produces an un-
satisfactory rate of minor, transient but significant
sequelae. In this study we have shown that the Con-
naught/BIKEN two-component ADTP vaccines as
compared with WDTP vaccine when administered to
infants at age 2, 4, and 6 months of age as a primary
series produces substantially reduced side effects
while concomitantly producing substantially in-
creased antibody levels to those antigens contained
in the vaccines. Although a serologic correlate of
pertussis immunity following ADTP vaccination has
not yet been found, the level of LPF and FHA anti-
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body produced by this Connaught/BIKEN product
are tenfold and sevenfold higher than those measured
in patients recovered from naturally acquired pertus-

sis.2’ Licensure of ADTP vaccines for the primary
immunization series in 2-month-old infants most pos-
sibly will await the results of an efficacy trial that
began in March 1992, but the results reported here

are most promising.
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THE BEST MEETS THE GLITZIEST

The leading man in the U.S. Open, tennis’s biggest and best annual test, was

Pete Sampras, a boy-next-door type from suburban Los Angeles. . . Sampras

knocked glitzy Andre Agassi on his brass, 6-4, 6-3 and 6-2. That made him the

youngest male singles winner of an event that dates from 1 88 1 ...

His . . .matchup with the fourth-ranked Agassi, a French Open finalist this year,

was interesting on several counts. The two are close in age (Agassi is 20), and their

meeting was the first all-U.S. men’s singles final at the Open since 1979. It also

presented a nice contrast in personal styles, Sampras being a quiet, neatly barbered

kid who wears traditional tennis whites, while Agassi, clad in neon-lime and black,

added bleached hair, an earring and a sometimes beard to every teenage girl’s

father’s nightmare.

“Me and my clothes are everything America is,” declared Andre at midweek, and

one shudders to think he might be correct.

Klein FC. Big wins for boy-next-door and pinup girl. The Wall Street Journal. September 1 1, 1990.
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