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ABSTRACT. Background. A hypotonic—hyporespon-
sive episode (HHE) is the sudden onset of hypotonia,
hyporesponsiveness, and pallor or cyanosis that occurs
within 48 hours after childhood immunizations. This
syndrome has been primarily associated with pertussis-
containing vaccines administered to children <2 years of
age, and has been estimated to occur once every 1750
diphtheria-tetanus-pertussis (DTwP) vaccinations. Previ-
ous studies of HHE were limited by small numbers of
cases and, sometimes, by limited details of the event.

Objectives. To characterize a large number of HHE
cases reported to the Vaccine Adverse Event Reporting
System (VAERS), to assist clinicians in identifying HHE,
and to assist researchers in investigating the risk factors,
cause, and pathogenesis of this syndrome.

Methods. More than 40 000 VAERS reports received
between 1996 and 1998 were screened for HHE by a
computer algorithm and reviewed, and a telephone fol-
low-up questionnaire was administered to the witness of
HHE.

Results. There were 215 HHE cases, all nonfatal. The
median age of onset of HHE was 4.0 months (range:
1.1-107 months). Over half of the reports (53%) concerned
females. The median birth weight was 3.36 kg (range:
1.27-4.96 kg); 4.7% had a birth weight <2500 g. The
median interval between vaccination and HHE was 210
minutes (range: 1 minute-2 days). Among children with
HHE who were <24 months of age, the episode occurred
within 5 minutes in only 8.5%, compared with 66.7% of
children with HHE >24 months of age. There were no
relevant findings regarding family medical history or the
mothers’ gestational history.

Nearly all of the children (98.6%) returned to their
prevaccination state according to the telephone question-
naire; median time to return was 6 hours (range: 1
minute- 4 months). The 3 children reported as not return-
ing to their prevaccination state all had VAERS reports
submitted after they developed conditions (autism, com-
plex partial epilepsy, and developmental delays with
infantile spasms) that are not known to be causally asso-
ciated with immunization.

The vast majority of children (93%) with HHE received
a pertussis-containing vaccine, either diphtheria-tetanus-
acellular pertussis (DTaP, 28%), DTwP (11%), or diphthe-
ria-tetanus-pertussis-Haemophilus influenzae type b
(DTwP-HIB, 61%). During the HHE episode, 90.1% of the
children had pallor and 49% had cyanosis. Because of the
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HHE event, 6.8% of children had had all vaccines with-
held as of the date of the interview. Of the remainder,
66.5% of children have had 1 or more subsequent vacci-
nations or vaccine components withheld, and 26.7% have
not had any subsequent vaccinations withheld. Only 1
child was reported to have had a repeat episode of HHE,
occurring after hepatitis B vaccination. From 1996 to 1998,
the number of HHE reports decreased from 99 to 38,
when the predominant pertussis vaccine administered to
infants changed from whole-cell to acellular.

Conclusion. This study represents the largest pub-
lished case series of children with HHE and supports the
generally benign, self-limited, nonrecurrent nature of
this syndrome. Although HHE has been less frequently
reported to VAERS after increased use of DTaP, HHE
does occur after the administration of DTaP and other
nonpertussis-containing vaccines. Although most par-
ents and pediatricians withheld the pertussis component
of subsequent vaccinations, many did not, with no re-
ported adverse events occurring in the children after the
subsequent immunizations. Restricting the definition of
HHE to a more narrow age range (eg, <2 years of age) is
also proposed because most of the older children proba-
bly experienced vasovagal syncope rather than HHE
within 5 minutes of immunization. Pediatrics 2000;106(4).
URL: http://www.pediatrics.org/cgi/content/full/106/4/
e52; hypotonic—hyporesponsive episode, childhood immu-
nization, adverse event, vaccine safety.

ABBREVIATIONS. HHE, hypotonic-hyporesponsive episode;
DTwP, diphtheria-tetanus-whole-cell pertussis vaccine; VAERS,
Vaccine Adverse Event Reporting System; CDC, Centers for Dis-
ease Control and Prevention; FDA, Food and Drug Administra-
tion; DTwP-HIB, diphtheria—tetanus-whole-cell pertussis—Hae-
mophilus influenzae type B vaccine; DTaP, diphtheria-tetanus-
acellular pertussis vaccine; HIB, Haemophilus influenzae type B
vaccine; OPV, oral polio virus vaccine; EEG, electroencephalo-
gram; MMR, measles-mumps-rubella vaccine.

is an adverse event after childhood immuni-

zation, usually with a pertussis-containing
vaccine. Originally described by Hopper,! HHE has
been defined as the sudden onset of limpness, de-
creased responsiveness, and pallor or cyanosis occur-
ring within 48 hours after immunization, age 10
years or younger, and duration of event from 1
minute to 48 hours.? HHE has been estimated to
occur once every 1750 diphtheria-tetanus-pertussis
(DTwP) immunizations.> Although most HHE
events have been associated with whole-cell pertus-
sis-containing vaccines, HHE has been observed af-
ter immunization with acellular pertussis and other
nonpertussis-containing vaccines.* According to sev-
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eral small follow-up studies of HHE patients, there
do not seem to be any negative sequelae of HHE.>”
Despite numerous studies of HHE, factors predis-
posing to HHE have not been determined, perhaps
because of the small sample size of previous studies
and, in some instances, their lack of detailed histor-
ical information.

The Vaccine Adverse Event Reporting System
(VAERS), established in July 1990, provides a single
system for the collection of reports regarding adverse
events after the administration of any US-licensed
vaccine.® This national, passive surveillance system,
which receives 10 000 to 12 000 reports annually, is
comanaged by the Centers for Disease Control and
Prevention (CDC) and the Food and Drug Adminis-
tration (FDA).° Each reported event is coded using
Coding Symbols for Thesaurus of Adverse Reaction
Terms before being entered into the database.l®
VAERS documents events that are temporally, but
not necessarily causally, related to vaccination.

This study characterizes the largest number of
HHE cases reported to date. Its goal is to assist
clinicians in identifying and understanding HHE
and to assist researchers investigating the risk fac-
tors, cause, and pathogenesis of this syndrome.

METHODS

All events reported to VAERS, as of April 1999, of childhood
vaccinations administered between January 1, 1996 and December
31, 1998, and coded “hypotonia,” “somnolence,” “pallor,” “ap-
nea,” “cyanosis,” “syncope,” or “stupor” were identified by a
computer algorithm and then reviewed. Duplicate and foreign
reports were excluded, as were any reports that mentioned urti-
caria, anaphylactoid reaction, seizure activity immediately preced-
ing the hypotonic state, normal skin color throughout the event, or
an interval from vaccination to HHE onset of >48 hours. Reports
were followed up if they had the potential to meet the criteria of
HHE as defined by the US Public Health Service workshop on
HHE held in 1996 (see “Appendix”).2

The reporter of the adverse event (generally a health care
provider) was telephoned. Permission was obtained from the
reporter allowing us to administer our questionnaire to the parent,
legal guardian, or relative of the child who suffered the adverse
event. If permission was not granted by the reporter, no further
attempt was made to contact the parents. If telephone contact was
unsuccessful, a letter was mailed to the parents at their last known
address requesting voluntary participation in our study. When the
reporter of the adverse event was the child’s parent, the parent
was contacted directly.

A questionnaire was administered by telephone to the person
who witnessed the potential HHE event. Persons interviewed
were advised that all information obtained would be kept strictly
confidential and that their participation was entirely voluntary.
The questionnaire sought the following information: signs and
symptoms of the event, the vaccines administered before the
event, medications administered around the time of vaccination,
previous medical history of the child, family medical history, and
details pertaining to gestation and delivery of the child. Three of
the interviews were administered in Spanish by a native Spanish
speaker. In addition, the mother of 1 potential case was deaf; the
questionnaire was submitted to her and returned via e-mail.

A pilot study using a group of 20 potential cases was initially
conducted, and because only minor revisions in the questionnaire
resulted, the pilot data have been included in our study. The
questionnaire data were double-entered and analyzed using the
Epi-Info (CDC, Atlanta, GA) software package.

RESULTS
Overview

We attempted to follow-up on 435 reports of pos-
sible HHE submitted to VAERS. Permission to fol-
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low-up with the parent of the child who experienced
an HHE-like episode was granted by 400 of 403
reporters contacted (99.3%); 25 parents were the re-
porter of the event, and 7 reports did not list a
reporter. We were unable to follow up on 123 re-
ports; 104 parents could not be contacted, and 16
parents and 3 reporters declined our request for par-
ticipation in this study. Of the 331 parents that we
were able to contact, 312 telephone interviews
(94.3%) were completed. Among the 312 telephone
interviews, 91.6% of the respondents were the
mother of the child (biologic, adoptive, foster, or
step-mother), 5.6% were the father, and 2.8% of the
respondents were the grandmother of the child. The
episodes of 215 of 312 children (69%) met the case
definition of HHE. The median follow-up time from
the onset of HHE to telephone contact with the wit-
ness of the event was 16.5 months (range: 3.5-38.2
months).

Among the children with HHE, 122 (57%) received
a diphtheria-tetanus-pertussis-Haemophilus influenzae
type B vaccination (DTwP-HIB), 56 (26%) received
diphtheria-tetanus-acellular pertussis (DTaP), 22
(10%) received DTwP, and 15 (7%) received another
vaccination that did not contain pertussis antigen;
67% received a whole-cell pertussis-containing vac-
cine.

Ninety-nine of 215 reports (46.3%) of HHE oc-
curred after the simultaneous administration of 3
vaccines; the most common combination was hepa-
titis B, polio (oral or injectable), and DTwP-HIB. The
remaining children received 1, 2, or 4 different vac-
cines and 1 child received 5 vaccinations. Among the
200 individuals who received a pertussis-containing
immunization (whole-cell or acellular), 55% of the
HHE episodes occurred after the first vaccination
within the childhood series of 5, 22% followed the
second immunization, 14% followed the third, 7%
followed the fourth, and 2% of the reports occurred
after the fifth vaccination.

The largest number of reports of HHE (Fig 1) were
observed during 1996 (n = 99), with reports declin-
ing in 1997 (n = 78), and 1998 (n = 38). The propor-
tion of HHE cases reported as having had a whole-
cell pertussis vaccine declined from 88.9% (88/99) in
1996, to 62.8% (49/78) in 1997, and to 15.8% (6/38) in
1998. During the same 3-year time period, the per-
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Fig 1. Events meeting the definition of HHE reported to VAERS,
1996-1998 (n = 215).
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centage of the total number of annual HHE reports
involving DTaP increased from 9.1% in 1996 to 63.2%
in 1998, while annual reports of HHE after a nonper-
tussis-containing vaccine increased from 2% to 21%
during this same period.

The majority of HHE episodes (84.2%) occurred
among infants <1 year of age; 22 (10.2%) were in
children 1 to 2 years of age, and 12 (5.6%) were in
children 3 to 9 years of age. Of 215 HHE reports, 170
(79.1%) occurred in children 6 months of age and
younger; most reports of HHE were observed in
children 1 to 2 months of age (Fig 2). The youngest
vaccine recipient with HHE was 1.1 months of age
and received only a hepatitis B vaccination. Of chil-
dren receiving a pertussis-containing vaccination
(DTwP-HIB, DTwP, or DTaP), the minimum age at
vaccination was 1.5 months. Whole-cell pertussis
products were involved in one half or more of the
HHE events among individuals in the 3- to 4-month
(68.1%), 5- to 6-month (81.3%), and 7- to 8-month
(50.0%) age groups. A second, much smaller peak of
reports involving whole-cell vaccine occurred within
the 13- to 14-month and 15- to 16-month age groups.

The interval from vaccine administration to the
observed HHE event ranged from 1 minute to 48
hours (Fig 3). Of 215 reports, 174 (82.1%) occurred
within 12 hours after vaccination, with a peak
(70.8%) occurring at <6 hours. HHE events after the
administration of whole-cell pertussis vaccines ac-
counted for 71.8% of the reports at <12 hours; acel-
lular reports accounted for 23.0% and nonpertussis-
containing made up 5.2%.

Figure 4 shows the 12-hour interval from pertussis
vaccine administration to HHE onset. HHE reports
associated with whole-cell pertussis vaccination
showed a peak (37.8%) 3 to 4 hours after vaccination.
In contrast, HHE events associated with acellular
pertussis vaccination peaked in the first hour (41.9%)
postimmunization.

Clinical Signs

Clinical signs within 48 hours postimmunization,
in addition to limpness and hyporesponsiveness re-
ported by observers of the HHE cases, are listed in
Table 1. More children who received nonpertussis-
containing vaccines reported seizure activity after
HHE than those who received whole-cell pertussis
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Fig 2. HHE events among children 18 months old and younger,
by age and vaccine type (1 = 197).
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Fig 4. Time from vaccine administration to HHE onset for cases
occurring within 12 hours after administration of a pertussis-
containing vaccine.

immunization (13.3% and 4.9%, respectively). The
median age of the children who received nonpertus-
sis-containing vaccinations and seized was 7.5
months, compared with 7.3 months for those chil-
dren who received whole-cell pertussis immuniza-
tions. Only 3 of the children had their seizure activity
witnessed by a health care professional. Among the
14 persons with post-HHE seizures, 4 had docu-
mented fevers; the median temperature was 39.7°C.
One 6-year-old child seized after head trauma during
his hypotonic phase and the causes of the afebrile
seizure activity of the remaining 9 children were
unexplained.

Recurrent Seizure Activity

Respondents indicated that of the 14 children who
seized after HHE and within 48 hours of vaccination,
3 children had subsequent seizure activity. The
mother of a 7-month-old girl reported that her HHE
episode occurred 2 hours after her third DTaP, Hae-
mophilus influenzae type B (HIB), and oral polio virus
(OPV) vaccinations. The infant then had 3 afebrile
seizure episodes within 24 hours after her HHE
event. Subsequently she had 2 normal electroen-
cephalograms (EEGs). She had a febrile seizure epi-
sode 1 month after the HHE event and has remained
seizure-free for at least 12 months. Another child, a
4-month-old boy, had a fever of 39.4°C to 40.6°C, 3
seizures, and was hospitalized in the 12 hours after
his HHE event. An EEG study was not obtained. The
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TABLE 1.

Clinical Signs Within 48 Hours Postimmunization in Children With HHE

Clinical Signs Whole-Cell Acellular Nonpertussis-
of HHE Pertussis Pertussis Containing
Postimmunization (n = 144) (n = 56) (n =15)
Percentage Percentage Percentage

Rash 10.1 2.0 14.3
Diarrhea 13.3 9.8 16.7
Wheezing 5.9 3.7 0
Seizure activity* 49 8.9 13.3
Fever 442 25.0 35.7
Median peak degrees (°C) 39.4 39.1 39.2
Skin color

Pallor 929 922 64.3

Cyanosis 49.6 51.0 50.0

Both 39.6 39.3 13.3
Vomiting

Before event 11.9 12.5 6.7

After event 6.3 12.5 20.0
Abnormal cry

Before event 32.4 44.4 35.7

After event 16.9 222 214

* All seizures occurred posthypotonia.

vaccinations that had been administered to this child
included his second DTwP-HIB, second hepatitis B,
and his first OPV. At follow-up, it was reported that
this child experienced occasional febrile seizures for
5 months after HHE; however, 1 year after the HHE
episode, he had been seizure-free for >9 months. The
third child, an 8-month-old boy, experienced HHE 44
hours after his third hepatitis B immunization. Im-
mediately after HHE, the child had an afebrile sei-
zure. He had an abnormal 24-hour ambulatory EEG
and was diagnosed with complex partial epilepsy 1
month after his reported HHE episode. This is the
only child among the 14 children with seizures post-
HHE who was diagnosed with a seizure disorder
after the HHE event. The child continues to experi-
ence seizures despite anticonvulsant therapy. During
telephone follow-up 8 months after the HHE event,
the boy’s mother indicated that he was developmen-
tally normal. However, she reported 15 months post-
HHE that he was beginning to regress developmen-
tally.

T}:/vo other children among the 215 children with
HHE (1.4%) were reported to have a diagnosis of
epilepsy post-HHE. One child’s VAERS report of
HHE was submitted 1% years after the event, around
the time of her epilepsy diagnosis. At 214 years post-
HHE, this child is slowly being taken off anticonvul-
sants. The other child was diagnosed with epilepsy 1
month after his HHE event. His VAERS report pre-
ceded his diagnosis of epilepsy. This boy has been
taken off of anticonvulsants and has been seizure-
free for over 2 years. In addition, another child was
diagnosed with epilepsy before the HHE event.
Among the 4 children in our study with a diagnosis
of epilepsy, the boy with complex partial epilepsy
was the only child with seizure activity that occurred
within 48 hours of immunization.

Other Medical History

Circulatory and cardiac problems and breath-
holding spells were infrequently (<4%) reported to
occur in the children who had HHE.

Among the group with HHE, 12 children (5.6%)
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had a history of syncope according to the respon-
dents but none of the fainting episodes were associ-
ated with vaccination. The most common reason re-
ported for syncope was either injury or pain (eg,
venipuncture).

Description of Children With HHE

The characteristics of children with HHE can be
found in Table 2. More than one half were female
(53%). The median birth weight was 3.4 kg; only 4.7%
had a birth weight <2500 g. Only 1 child was a very
low birth weight infant (<1500 g). The median age at
onset of HHE after all vaccines was 4 months, but
was 9.3 months for the group who had received a
nonpertussis-containing vaccine.

Nearly all respondents (98.6%) indicated that their
children had returned to normal after the HHE
event; however, according to the respondents, 3 chil-
dren did not. Of the 3 children, 1 boy was diagnosed
with autism >16 months after his HHE event; the
VAERS report of HHE in this child was submitted by
his mother around the time of this boy’s diagnosis
with autism. Six hours after immunization with
DTwP, OPV, HIB, and hepatitis B at 6 months of age,
this boy began exhibiting signs and symptoms of
HHE and had a fever of 39.4°C. At an unspecified
interval after this HHE episode, the child began
banging his head and rocking back and forth, and at
2 years of age, he did not speak. A diagnosis of
autism was made at that time. All subsequent immu-
nizations are being withheld from this child. The
second child was diagnosed with infantile spasms at
62 months of age, 2 weeks before her HHE event,
which occurred 4 hours after her immunizations
with pediatric diphtheria-tetanus vaccine, HIB, and
hepatitis B. Because of the diagnosis of infantile
spasms, the pertussis component of her vaccination
was withheld. Eight months after HHE, the mother
reported that the child still exhibited infantile spasms
along with a lower level of mental development
post-HHE compared with pre-HHE. The child’s
mother believed that her daughter had not returned
to normal. Further immunizations are also withheld
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TABLE 2. Characteristics of HHE Reports to VAERS Based Upon Type of Vaccine Administered, 1996-1998
Characteristics Whole-Cell Acellular Nonpertussis- Total
Pertussis Pertussis Containing n =215
n =144 n =56 Vaccine
n =15

Sex

% male 45.1 50.0 53.3 47

% female 54.9 50.0 46.7 53
Median birth weight, in kg 34 3.4 3.3 34
Range 1.3-49 1.6-4.9 2.4-39 1.3-49
Median age at onset of HHE, in mo 3.9 4.0 9.3 4.0
Range 1.5 mo-6y 1.8 mo-6y 1.1 mo-9y 1.1 mo-9y
% who returned back to prevaccination state 99.3 100 86.7 98.6**
Median time to return, in h 6 10 24 6
Range 5 min—4 mo 1 min-14 d 30 min-3 d 1 min—4 mo
% of cases who received acetaminophen* 64.0 59.3 20.0 58.9
% of events for which health care was sought 76.4 85.7 86.7 79.5
Median time to evaluation, in min 27.5 15 30 22.5
% with previous AEt postimmunization 2.8 0 20 3.3
% with subsequent AE postimmunization 0 0 15.3tt 9
% who have had some vaccinations withheld 81.1tt 63.68§ 40| 73.3

after HHE event
% with history of allergiest 31.9 25.0 26.7 29.8
% with a negative change in overall level of 3.7 0 6.7 29

development post-HHE§
% of cases who were ever hospitalized before 11.1 8.9 26.7 11.6

HHE event||
% of patients delivered by cesarean section 22.5 23.2 13.3 22.1
% of patients remaining in the hospital because 9.8 19.6 6.7 12.1

of medical reasons after birth
Median age of mother at parturition, in y 29.5 28.5 28 29
Range 1642 17-40 20-36 1642
% of biologic mothers with medical problems 19.4 16.1 20 18.6

during gestation#

* Medication (Tylenol or Tempra) was given before onset of HHE.

1 Adverse event.

T Includes medication, food, environmental, and/or other (insects, animals) allergies.

§ Parents were asked whether their child’s overall level of development (includes mental and physical) had changed in a negative way
post-HHE in comparison to pre-HHE.

[ Does not include immediate hospitalization following birth.

| Prematurity not included.

# Includes diabetes, high blood pressure, or epilepsy.

** Three cases did not return back to normal according to the respondents. One child was diagnosed with a seizure disorder post-HHE,
1 child was diagnosed with autism, and the third child demonstrated a decreased level of mental development and concomitant infantile
spasms.

+EI') n = 2. One child exhibited seizure activity after vaccinations given at 1 year of age. The other child experienced hypotonia and pallor
subsequent to his third hepatitis B immunization.

1t n = 107. Most common vaccine withheld was pertussis (79.4%).

§§ n = 35. Most common vaccine withheld was pertussis (77.1%).

(Il = 6. Most common vaccine withheld was hepatitis B (33.3%) and all vaccines (33.3%).

from this child. The third child is the 8-month-old  subsequent vaccinations or vaccine component with-

boy diagnosed with complex partial epilepsy 1
month after his HHE episode. The VAERS report for
this child was completed by a health care profes-
sional 5 months after the event. It was reported that
no subsequent immunizations would be withheld
from this child, although he did have a seizure after
his DTaP, measles-mumps-rubella vaccine (MMR),
and varicella vaccinations at 1 year of age.

Only 3.3% of the children had experienced a vac-
cine adverse event before HHE. The 7 adverse events
were fever (1), pallor (1), somnolence (2), hypotonia
(2), and seizure activity (1). Of the children who
received subsequent vaccinations, <1% experienced
a vaccine adverse event after the reported HHE ep-
isode. One child who developed HHE after his sec-
ond hepatitis B immunization experienced a similar
HHE event after his third hepatitis B vaccination at 6
months of age.

Of the children with HHE, 148 (73.3%) had some

Downloaded from www.aappublicBi BRSNS estiaiidanoteg e opentent / full /106 /4/ 52

held by their parents or their physicians. The most
common vaccine withheld was pertussis (whole-cell
or acellular; 84.4%). Of the 124 children for whom a
pertussis-containing vaccination was initially with-
held, 12 (9.7%) subsequently were immunized with
DTaP; adverse events were reported for none of
these children after subsequent DTaP immunization.

Nearly all of the respondents (94.6%) reported that
their children’s overall level of development re-
mained unchanged after the HHE event. Develop-
mental improvement was reported by 2.5% of re-
spondents and 2.9% believed that their children’s
overall level of development had been adversely af-
fected.

Table 3 lists the 15 HHE events (7%) reported to
VAERS after the administration of nonpertussis-con-
taining vaccines. The most common vaccine admin-
istered to this group was hepatitis B (8/15; 53.3%),
given singly or in combination with other vaccines.
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TABLE 3. Characteristics of HHE Reports to VAERS After Administration of Nonpertussis-Containing Vaccine(s), 1996-1998 (1 = 15)
Vaccine(s) Age Sex Interval to HHE Return to Previous Adverse Vaccines
Administered (Months) (Minutes)t Normalt Event§ Withheld
Hepatitis B 1.1 F 180 3600 No HepB
Hepatitis B 13 M 5 30 No None
Hepatitis B 3.1 M 300 4320 No HepB
Hepatitis B 7.8 M 2640 Noq No None
Hepatitis B 9.3 F 1200 360 No None
Hepatitis B 85.8 F 5 60 Pallor None
Hepatitis A 107.5 M Unknown 4320 No HepA
PV 6.6 F 45 60 No All
Pediatric DT 15.6 F 900 2160 Seizure DT and P
Varicella 12.3 F 1200 1320 No None
Varicella 19.7 M 2460 120 No None
MMR, HIB 12.8 M 600 4320 No None
DT, HepB, HIB 7.6 F 240 No# No All
OPV, HepB, HIB 6.9 M 1 1440 No None
*DT, OPV, MMR 60.8 M 60 2160 Somnolence None

HepB indicates hepatitis B vaccine; IPV, injectable polio virus vaccine; DT, diphtheria and tetanus toxoid.

* Child also received purified protein derivative.

t Time in minutes from vaccine administration to when HHE was first noticed.

f Time in minutes for the child to return to their prevaccination state after the HHE event as determined by the respondent.

§ Did the patient have a similar adverse event after vaccinations before this described event? If yes, what symptom(s) was(were) evident?
| A list of subsequent vaccine(s) withheld from the patient after the HHE event.

 Seizure disorder diagnosed post-HHE.

# Child exhibits a decreased level of development in combination with preexisting infantile spasms.

Six children received a solo hepatitis B vaccination; 5
of these reports were among children <1 year of age.

A description of children older than 2 years of age
who experienced HHE postimmunization can be
found in Table 4. The median time from immuniza-
tion to HHE was 5 minutes (range: 1 minute-18.5
hours) in this older age group, compared with 215
minutes (range: 1 minute-48 hours) for children 2
years of age and younger.

Family Medical History

Respondents were queried regarding their fami-
ly’s and their own medical history. Over 37% of the
biologic mothers reported a history of fainting dur-
ing their lifetime; only 13.4% of the biologic fathers
reported this same history. Over one quarter of the
biologic mothers had a history of either medication
(27.4%) or any other type of allergy (27.8%). In com-
parison to the biologic mothers, biologic fathers and
full and half siblings reported much lower percent-

TABLE 4.

ages of medication allergies (12.6%, 18.6%, and 6.3%,
respectively) but similar results regarding any other
allergies. Approximately 18.4% of biologic mothers
and 4.8% of biologic fathers reported physician-di-
agnosed migraines. Seizure activity, breath-holding
spells, and heart problems were infrequently (all
<5%) reported for family members.

DISCUSSION

This study is the first descriptive epidemiologic
study of a large case series of children with HHE.
From July 31, 1996, when the first acellular pertussis
vaccine was licensed for infants in the United States,
to the end of our study period (December 31, 1998),
acellular pertussis vaccines became the predominant
pertussis-containing vaccines in the United States.
During the time of our study (1996-1998), pertussis
vaccination coverage rates were stable.!’ Concur-
rently, numbers of HHE reports to VAERS decreased
from 99 in 1996 to 38 in 1998. This decrease could

Characteristics of HHE Events Among Children Older Than 2 Years of Age Reported to VAERS, 1996-1998 (n = 12)

Age at Onset Sex Vaccines Administered Interval to HHE Return to Previous Adverse Vaccines

(Months) (Minutes)* Normal?t Event?t Withheld§
51.2 M HepB, OPV, MMR, DTaP 5 1 No None
52.6 F OPV, MMR, DTaP 1 1440 No None
55.7 M HepB, OPV, MMR, DTwP-HIB 2 240 No None
58.8 F OPV, DTaP 1110 120 No None
59.1 F OPV, MMR, DTaP 1 1440 No None
59.9 F HepB, OPV, MMR, DTaP 1 30 No None
60.8 M OPV, MMR, DT, PPD 60 2160 Somnolence None
66.0 F OPV, MMR, DTaP 30 1440 No None
71.9 M OPV, DTwP 300 60 No None
72.4 M OPV, MMR, DTaP 5 30 No None
85.8 F HepB 5 60 Pallor None

107.5 M HepA Unknown 4320 No Hepatitis A

HepB indicates hepatitis B vaccine; HepA, hepatitis A vaccine; DT, diphtheria and tetanus toxoid; PPD, purified protein derivative.
* Time in minutes from vaccine administration to when HHE was first noticed.

1 Time in minutes for the patient to return to their prevaccination state after HHE event as determined by the respondent.

1 Did the patient have a similar adverse event after vaccinations before this described event?

§ A list of subsequent vaccine(s) withheld from the patient after the HHE event.
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suggest that HHE occurs less frequently after vacci-
nation with DTaP than after whole-cell pertussis,
which is similar to what has been observed in clinical
trials with respect to more common adverse events,
such as injection site reactions, fever, and fussi-
ness.!2-16 Our finding of a decrease in HHE during a
time of increasing DTaP usage is consistent with a
summary by Heijbel et al* of HHE rates in 8 pertussis
vaccine studies; however, the difference between
DTaP and whole-cell pertussis vaccines in number of
HHE reports in our study is greater than the differ-
ences summarized by Heijbel et al.* Whether the
greater difference we observed is real or reflects, in
some degree, reporting bias could only be deter-
mined by population-based incidence studies.

Our findings generally concur with previous stud-
ies finding a lack of long-term sequelae of HHE.3>~7
Nearly all respondents stated that their children re-
turned to their prevaccination state relatively quickly
(range: 624 hours) and that their overall level of
development had not been adversely affected post-
HHE; only 3 respondents indicated that their chil-
dren did not return to normal. The 3 children were
diagnosed with autism, complex partial epilepsy,
and developmental delays in association with infan-
tile spasms, respectively. In the first 2 instances, the
reports to VAERS were submitted 17 months and 5
months, respectively, after HHE. In contrast, the me-
dian time from HHE to submitting a report to
VAERS for the other HHE reports in our study was
5 days. It is unlikely that children not developing
chronic problems would have their HHE reported to
VAERS several months after the event. Therefore, the
proportion of our case series (assembled from pas-
sive surveillance data) reporting chronic problems
may be greater than that found in active follow-up of
a cohort of children experiencing HHE. In the third
child, the diagnosis of infantile spasms preceded
HHE. Infantile spasms have been found not to be
associated with DTwP vaccine in an Institute of Med-
icine review.1”

The American Academy of Pediatrics!® and the
Advisory Committee for Immunization Practices'3
previously considered HHE as a contraindication to
further vaccinations containing pertussis antigen;
since 1991, HHE has been considered a precaution.
While most parents and physicians withheld the
whole-cell or acellular pertussis component of sub-
sequent immunizations after HHE, 24.1% did not;
based on the results of our telephone questionnaire,
there were no reported adverse events after the sub-
sequent immunizations. The lack of recurrent HHE
within our study is consistent with 2 recent studies.
One study by Vermeer-de Bondt and colleagues!®
reported no cases of recurrent HHE after the admin-
istration of whole-cell pertussis vaccine among 84
children who had experienced a previous HHE epi-
sode. Goodwin et al?® studied 66 children who expe-
rienced HHE, 59 of whom were subsequently vacci-
nated with primarily acellular pertussis vaccine with
no recurrent collapse. The 1 individual experiencing
recurrent HHE in our study had been immunized
with hepatitis B on both occasions.

Of the 215 reports of HHE on which follow-up
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information was obtained, 14 indicated seizure activ-
ity after HHE and within 48 hours of immunization.
Four of the 14 reported fever concomitant with the
seizure; 9 were reported as afebrile, and 1 child (5
years old) seized after a fall. Only 2 of the 14 children
(14.3%) had a personal or family history of febrile
seizures. Febrile seizures after immunizations are
considered relatively benign events.?!?2 There is no
evidence that they develop into epilepsy,?>?* and
they generally remit spontaneously without specific
therapy. The cumulative incidence of febrile convul-
sions to age 5 years is ~2% to 4%.2° Previously
published scientific evidence suggests that whole-
cell pertussis vaccine is causally related to either
febrile seizures or HHE?32426-28 but we are unaware
of published reports of the 2 adverse events com-
bined. Only 2 children among the 9 who exhibited
afebrile seizures had a recurrence of seizure activity;
as described by the respondents, 1 child had subse-
quent febrile seizures, and 1 child (described above)
was diagnosed with complex partial epilepsy.

The difference in the median time interval between
immunization and the HHE event among children
>2 years old (5 minutes) compared with those <2
years of age (215 minutes or 3.6 hours) is substantial
and may relate to an increased proportion with va-
sovagal reactions among the older population. In an
article describing syncope after immunization, the
second most common age group for postvaccination
syncope was children in the 4- to 6-year age group.?
According to this study, 63.2% of the cases of syn-
cope occurred within 5 minutes or less after immu-
nization.? Therefore, consideration should be given
to restricting the definition of HHE to a more narrow
age range (eg, <2 years of age) because most of the
older children may actually have experienced vaso-
vagal syncope instead of HHE.

HHE occurred in 15 children who received a non-
pertussis-containing immunization. The median age
of this group of 15 children (9.3 months) was slightly
older in comparison to those receiving pertussis-
containing vaccines. Although vaccine or vaccine
component reactions may play a role, alternative
causal explanations include vasovagal syncope (as a
result of injection per se), breath-holding spells, fe-
brile reactions, transient illnesses unrelated to vacci-
nation, or other processes.

No clues about the cause of HHE were found with
regard to family medical history or the mothers’
gestational history. The rate of fainting and migraine
headaches among the biologic mother group is sim-
ilar to the national rates; ~30% to 50% of the adult
population is prone to syncope, and 20% of women
have a history of migraines at any time in their
lives.3031 Within our study, the 4.8% rate of migraine
development in the biologic fathers is lower than the
rate in women and consistent with the rate within the
general male population.3!

Our study has several limitations. The clinical in-
formation submitted to VAERS or obtained during
telephone follow-up may not be fully accurate be-
cause parents were queried about their children’s
events occurring a median of 16.5 months earlier.
Medical records were not obtained for this study;
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however, HHE is rarely observed by health care
providers and often has resolved by the time of an
emergency department or office visit. Underreport-
ing is an important feature of passive surveillance
systems such as VAERS. Although there are some
specific events after pertussis immunization that are
legally required to be reported to VAERS, such as
anaphylaxis and encephalopathy within specified
time frames after vaccination, HHE is not one of
these specified events. According to Rosenthal and
Chen,*? the percentage of HHE episodes that are
reported to VAERS after immunization with DTwP
may be as low as 3%. Underreporting would be
expected to bias a case series such as ours if the
underreporting were related to characteristics that
we analyzed. For example, parents may be more
inclined to report HHE if their children develop a
chronic condition. The long duration between HHE
and VAERS report for the 2 children with such con-
ditions, compared with the other reports, may rep-
resent an example of such bias.

CONCLUSION

This is the largest known case series of children
with HHE. Our findings support the relatively be-
nign, self-limited nature of this syndrome. Although
we observed a decrease in the overall number of
HHE reports from 1996 to 1998 as acellular pertussis
became the predominant pertussis vaccine, HHE will
continue to be reported because it also occurs after
administration of vaccines other than whole-cell per-
tussis. Finally, consideration should be given to re-
stricting the definition of HHE to a more narrow age
range (eg, <2 years of age) because most of the older
children experienced vasovagal syncope instead of
HHE.

APPENDIX

Inclusion criteria
Sudden onset of
Limpness or hypotonia
Reduced responsiveness or hyporesponsiveness
Pallor or cyanosis (or failure to observe or recall skin
coloration)
Age <10y
Onset of event within 48 h of vaccination
Duration of episode from 1 min to 48 h

Exclusion criteria
Known cause of above signs (eg, postictal)
Urticaria, wheezing, or anaphylaxis during episode
Sleep
Normal skin coloration throughout episode
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