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HE FOOD AND DRUG ADMINIS-
. tration (FDA} licensed the
- 7-valent pneumococcal conju-
gate vaccine (PCV, trade name
Prevnar, Wyeth Pharmacenticals, Phila-
delphia, Pa) on February 17, 2000. The
recommended vaccination series in-

cludes-doses at-ages 2, 4, 6, and 12 to .

15 months, with catch—up doses
through 9 years of age.! Pneumococ-
cal conjugate vaccine has been rapidly
adopted into routine pediatric prac-
tice, reflecting concern for the gravity
of serious pneumococcal infections
and confidence in the efficacy and safety
of PCV.

Prior to licensure, almost 19000 in-
fants and childrén received PCV in ran-
.domized clinical trials that demon-~
‘strated good efficacy against invasive
infections and a favorable safety pro-
file. Common adverse'events in the first
days after vactination inchided injec-
. tion site reactions, fever, irritability,
drowsiness, restless sleep; decreased ap-
. petite, vomiting, and diarrhea.’ How-

. ever, Tare vaccine comphcanons may

not emerge before licensure for a vari- -

ety of reasons, particularly the rela-
tively limited sample sizes of trials.2 In

addition, the conttrol group in the main -

study received another experimental
vacciné, rather than a placebo.? If both
vaccmas provoked similar adverse ef-

1702 JAMA, October 13, 2004—Vol 292, No. 14 (Reprinted)

© 2 groups might have been evident.

Context Clinical tnals evaluate a vaccine's safety before approval, but some risks may

escape detection or adequate charactenzatron until larger. population exposures: occur
_ after licensure. ‘

Objective To summarize reports of events occurring after vaccination with 7-valent
pneurnococcal conjugate vaccine (PCV), including those that may warrant further in-
vestigation to assess possrble causation by PCV.

 Design Descriptive epademiofogy of reports submitted to the Vaccine Adverse Event
Reporting System (VAERS), a national passive survelllance database.

Settingand Patients United States during’ first 2 years after licensure of PCV (Feb-

ruary 2000 through February 2002). Reports studied were for children younger than -

18 years and vaccinated with PCV.,

- Main Outcome Measures Numbers and preporiional dlstnbutlons of reports

Results A total of 4154 reports-of events following PCV were submitted to VAERS

for a rate of 13.2 reports per 100000 doses distributed. Multiple vaccines were given.
in 74.3% of reports.The most frequently reported symptoms and signs induded fe-
ver, injection site reactions, fussiness, rashes, and urlicaria. Serious events were de-
scribed in 14.6% of reports. There were 117 deaths, 23 reports of positive rechal-
lenges, and 34 cases of invasive pneumococcal infections possibly representing vaccine
faifure. immune-mediated events occurred in 31.3 % of reports. All 14 patients with
anaphylactic or anaphylactoid reactions survived. Thrombocytopenia developed in 14
patients and serum sickness in 6 others. Neurologic sympioms occurred in 38% of re-
ports. Seizures deseribed in 393 reports included 94 febrile seizures.,

Conclusions The majority of reports to VAERS in the first 2 years after licensure of
PCV described generally minor adverse events previously identified in dlinical trials,

The proportion of reports portraying serious events was similar to that for other vac-,

cines. Although there are important limitations in passive surveillarice data, and cau-

tion in the|r interpretation is necessary, symptoms experienced by a few chtldren more . -

than once after successive PCV doses, including allergic.feactions, profonged or ab-
normal crying, fussiness, dyspnea,and gastrountestmal distress, warrant continued sur-

veillance, as do reports of rare but potentially serious-events, such as seizures, aha- ;

phylactic or anaphylactoid reactions, serum suckness, and thrombocytopema
JAMA. 2004;292:1702-1710

fects, litde or no difference between the
cine Adverse Event Reporting System

www;amacom .

port summarizes data from the Vac-

Therefore, postmarketing safety sur-

veillance remains e55ential. This re-

(VAERS).in the first 2 years a[ter PCV '

hcensure
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METHODS :
We'studied case reports to VAERS of

events occurring after PCV vaccina- .

. tions through February.2002, allowing
at least 3 months for potential fol-
low-up of each case. We excluded 86 for-

' eign reports and 19 reports detailing pa-

" tients older than 17 years butapplied no,

other criteria, such as minimum or maxi-
mum intervals after vaccination.

.. Joirtly operated by the FDA and the
" | Centers for Disease Control and Preven-.

tion (CDC) since 1990, VAERS accepts’
voluntarily submitted reports of events

from mianufacturérs, health care work-
ers,and patients.*® (Manul'acturerrepon—

ing to VAERS isrequired but mainly com-

prises transmission of information that
‘had been ‘voluntarily supplied by phy-
" sicians, patients, or other primary report-
" ers.) Although experiences reported to

VAERS are generally voluntary, unso”

licited, and reflect concern or suspicion
of a possible- relationship to 1 or more
vaccine products, VAERS received a few
reports foreventsdetected through asys-
" tematic safety surveillance study in a
"health miaintenance organization:

" ‘Because of important limitations in pas-
_sive surveillance, data: from VAERS -

require cautions interpretation.® Reported
events may be a small fraction of all that
‘occur, and they frequently defy facile
" assessment of whether vaccinations
played a causal role. Nonetheless, the

.- potential t6 detect important clues from

o patterns among collected repoits war-
* * rants careful surveillance. .
" Weusedinformation from the VAERS

' ,reportformon the vaccinee (tiame; date
* of birth, age, sex, address); the event(s)»

"."(date of onset, therapy, and clinical
course): arid vaccine(s) administered
" (daté, lot identifier, and dose se-
quence). The VAERS database indexes
 reported events with' standardlzed ‘cod-

ing terms” that trained nurses assign af-

ter reviewing each submitted report. The

~ date of onset refers to the-earliest symp-’
. tom in each report. Although most re-

* . ports received multiple .codes, we ob-
- . tained intervals from vaccination to onset

 of pertinent events for selected subsets..
during individual case reviews: We also
- queried free text fields from the- report. -

- ©2004 Amenun Ml:dlcal Assn(:lauon. Al rlghts reserved.

POSTLICENSURE SAFETY SURVEILLANEE FOR PNEUMOCOCCAL VACGINE -+

Table 1. Prevmococcal Conjugate Vaccine Reports by Age Group and Seriousness, United

States, March 2000 -February 2002

Nonfatal - . . Age Group B
Age Group - Deaths, No. Serious; No.*  Nonserious, No. Totar No. Percentaget -
o-5mo ' 80 211 780 - 071 27.3
6:11 mo ’ 19° ) 98 859 .. 776 f 19.8
1y- - 15 135 1272 . 1422 36:2
24y . 3 . 28 521 552 14.1
- 59y, : o - .9 , 85 ] ¢4 - 24
10-17 ¥ 0 0 1" RS .03
Unknown I . 10 218 ‘228 e
Total . 17 491 " 3646 4154
Reporting ratet 04 16 113 13.2

* *By Food and Drug Administration regulations, sevlous reports describe dealhs, fifs-threatening events, hospaalnza- )

1ions, persistent or significant disabiities, congenital anomalies, and other events of medical importance
TPercentages by age caloulated on basis of reporis with ages, excluding 228 without age information.
1Reporting rates desuribe numbers of Vaccine Adverse Event Raportlng System reports recewed per 1 00000 doses

disiributed -

form a'n(i follow-up notes. For ex-
ample, we solight potential anaphy-' "

laxis cases by looking for the anaphy-

laxis code as well as “anaphyl,” .

“epineph,” or “laryngismus.”

To select subsets of reported cases for
analysis, we weighed their frequencies
and medical severity as indicajors of po-
tential population impact, as well as
practical preventability and plausibit-

ity for relationship with vaccination.®

Regulatory criteria’ were used to clas-
sify VAERS reports as serious and mainly
involved death, life-threatening illness,
hospitalization, or persistent disabil-

ity.*? Positive rechallenge reports, events..

that followed PCV and recurred after a
subsequent dose, were analyzed in de-

.tail, as such reports suggest (but can-
not -confirm) causal association with -

vaccination. Neurdlogic and immune-
mediated events were also highlighted.
Because. of the suggestion of more sei-
zures ini the PCV group than in the com:
parator group in the primary clinical
trial,2 we planned to study the first 100

seizure reports with supplementary fol- -

low-up to clatifly previous medical his-

tory and subsequeritclinical course. The.

final data setexcluded 2 duplicates, leav-

ing 98 cases for analy51s Fori m_]ecuon-

site reactions, we reviewed reports in the
first year after PCV licensure to iden-

tify the pertinent vaccine int cases with

multiple immunizations. Many. physi-
cians undersiand that novaccine is 100%

effective and, therefore do not con-

5

. sider vaccine failure to be an advérse

event. However, we included reports of -
pneumococcal infections subséquent to
administration of PCV as potermal vac-
cine failures.

Unless otherwise specified, we ex:.
cluded missing'data when calculatmg
proportions. Reportmg rates are calcu-
lated by dividing numbers of reports by --
estimated PCV doses distiibuted, ex-
trapolated from CDC blologlcs surveil--

lance data.'

RESULTS

Among 4154 reports of gvents after’
immunization with PEV, 608 (14.6%)
described serious events, including 117
deaths (TABLE 1). The numberof Teports
received increased over the firsi yearafter .
licensure and then detlined. Infants
younger than 6 months accounted for
27.3% of reports. Females accounted for ,
slightly tess than half of all cases (47.5%).

Based on an estimated distribution of | .
_31.5 nijllion doses within the United
States during the first 2 years after licen-

sure of PCV, the overall reporting rate
was 13.2 per 100000 vaccinations and
1.9 per 100000 for serious reports: Three

| fourths (74,3%) of reports described
“multiple vaccines administered together
.(TABLE 2). Reportéd symptoms began

within 1 week alter vaccination in 86.6%

of cases. The most frequently reported

symptoms and signs included fever,
injection site reactions, fussiness, rashes,

" urticaria, and vasodilation:

(Reprinted) JAMA, Ociober 13, 2004—Vol 292, No. 14 1703
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POSTLI,CENSURE_ SAFETY SURVEILLANCE FOR PNEUMOCOCCAL VACCINE

. 5 .

_ Table 2. Events Reported After Pneumococcai Conjugate Vaccirie (PCV), United States, March 2QOD-February 2002*

.No. of Cases PCV Alone, %
Event Sei’l‘ous ‘Nonserious, Total. Sen‘ous - Nonserious To‘tal' - Comments
Al reporls ] - 608 3546 4154 148 2756 25.7
Faver 228.- 1225 1452 - 136 - 256 .. 237 90% Included rash or other symptoms
" Injection site reactions 30 1125 1155 233 - 324 319 54% Involved PCV site; 8 serious reports
) = - ' described abscess or cellulitis
Rash 42 754 796 214 23.1 '23.0 12 Cases with petechias; 10% of rash
) . . i reports included urticaria
Vasodilation 61 496 557 13.1 ‘248 23.3 420 Culaneous (hot flashes, flushing,
. T hyperemia, erylhema, or warmn
feeling); 144 venous {pallor, syncope,
: ] ‘ or dizziness) cases
Newrologic 366 1209 - 1575 1.2, 19.2 17,3 52.4% Had symptoms within 24 h
Neuroexcitation 109 B72 781, - 92 196 - 182  Fussiness (599), twitch (87}, tremor (74),
: - - insomnia (73), nervausness (59),
. hyperkinesia (5)
Convulsions 189 234 393 9.4 17.9 145  33% Had symptoms within 24 h 24%

: - . h * febrile seizyres, 130 others 2lso had
fever; 1 positive rechalienge for
febrile seizure confounded by URI
and ctitis media 1 d after PCV dose
2, MMR, and VV, and preumonia 2.

. d after PGV dose 3
Prolonged or abnormal 22 235, 257 45 v 72 70
crying’ X . .
Ataxia or gait disturbance 10 44 54 100 318 278 ]
HHE or hypotonia or 24 . 25 49 12.5 20.0 16.3  Feverin 18.4%; emesis in 14.3%; 3
hyporesponsivenass - seizures; 3 others with ocllar
: deviation; 1 botutism by stool
culture); 1 possible allergic reaction
. {laryngeal edema)
Meningitis 34 2 36 | 235 100.0 27.8
Encephaiopathy 4 0 4 50.0 £0.0 1 Acute disseminated encephelomyelitis
: 12 h after vaccination; differential
diagnosis included viral encephalitis,
bt multipte viral cultures negative,
and patient recovered with steroids;
1 acute demyelinating cereheliar
encephalitis 2 d after vaccination
. with subsequent recovery
Immunaiogic 121 1178 1299 19.0 813 30.2  33.7% of immunologic cases aged <1y
) ‘ . ) . vs 49.4% for other reports
Allérgic reactions 93 CO1105 1198 18:3 - 31.5 30.5 . . -
Urticaria 197 . 373 ° 392 53 34.3 329 1 Posilive rechallenge; 20% of urlicaria
. - ’ ) .. , cases describe rash A
Pruritus 3 "85 88 33.3 376 37.5 ’
" Allergy, unspecified .21 687 ‘a8 9.5 26.9 22,7
Facial edema 7 BB-. 75 14.3 279 | 26.7 2 Patients with anaphylaxis; 35 others
- . had symploms during first day after
vaceination but ot anaphylaxis
(intervals >4 h before first symploms -
and/or lacked muttiple body sys1em
.. - : rnanrfestatlons)
Asthma 15 3. 51 .267 2333 314
Anaphylaxis or 8 - "B T 14 250 16.7 ‘oi4 -
anaphylactoid : )
Angicedema 0 13 13 . §1.5: 61.5 1 Positive rechalienge
Other possibly immune-mediated 69 152 . 221 232 283.- 26.7  51% Also had definite or possble
. = allergic reactions
Thrambocytopenia a 57 . 14 111 00. 7.1 :
Erythema muttiforrme 3 36 T390 333 22,2 231 Nocase of Stevens-Johnson syndrome
. . . . B or toxic eplderrnal necrolysts
4 ) 26 0.0 45.5 385

Arthritis or arthralgias

R

1704 'JAM_A, Qciober 13, 2004—Vol 292, No. 14 (Reprintet:l)
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(continued} .
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POSTLICENSURE SAFETY SURVEILLANCE: FOR PNEUMOCOCCAL VACCINE

" Table 2. Events Reported After Pneumococcal Conjugate Vaccirie (PCV), United States, March 2000 Februa.ry 2002"‘ (cont)

No. of Cases PCV Alone, % .
. . 1T 1 .
- .Event Serious Nonseripus- Total Serious Ndriserious Total Comments ©
lmrmnologlc {cont)’ e i ; :
Other possibly mmune-rned;ated (com) - . . : : . .
Vasculitis 6 9 15 33.3 - 85.6 46.7 Diagnoses or suspicions but none with
- . . . L o T biopsy evidencs; 10-0f 11 cases -
. o : . c - : with dose data followed first PCV; 6
: final diagnoses of HSP and 4 “rule
- oui” diagnoses; most intervals to
- - . . ) first symptoms in first week
Serum ‘sickness I -2 4 6 500 1000 . 833 - Ages 4 mo-4 y; 3 cases after first PCV
’ a . o : ) i " doses and withput other vaceines;
B i . symptoms within 1 d after
- ) . " vacgination in 3 patients; 1 -
confotinded by antibiotic before
. . symptoms began
Diabetes melitus (OM), type - - B .0 6 - 667 66. 7 5 Males, 1 female; 2 family histories of
’ : : ' B . DM {juvenile or adult onset); 5 .
' received anly first PCV dose; ages
N 11-22 mo: symptoms followed PGV
" by 2-10 wk; 8 others had
incidental, transient, and often milg-
L o ] . . A . o hyperglycemia without ev:dent
7 . - ) v ’ - ) clinical significance B
Alopecia N ) 0 2. .2 . 0.0 0.0 1 Positive rechalienge
Gastrointestinal ' ‘ 121 T 410 531 . 132 29,3 33. 2 49 2% of repons with dates described
- . symptoms within 1 d after
. ] 5 ) vaccination and 74.0% within2 d
Diarrhea and/er vornmng . T 67 289 356 19.4 318 29.5 3 Positive rechalienges
- Anorexia _ " 43 124 167 7.0 234 19.2.
Dysphagia - 5 10 15 00 . 0.0 . 67
‘- Hepatic disorders 7 1 8 286 0.0 25.0 -
Intussusception " 5 [} .5 20.0-° 20,0 1 Fataiity (afler months of frequent
) diarrhea); no rotavirus or oral polio
vaceing; symptoms within 2d in 4
‘ : ) boys and after 2 wkin 1 girl
Infections . 147 - 208 445 20:4 275 252 )
" URI and viral infections 51 165 216 215 248 241
" Celulitis : . 15 62 .77 200 , 306 286
Bacterial infections | ' 51 24 75 | 204 © 6542 37.3 .
. Pulmonary . co 191 184 375 157 .- 283 219 40 3% <B mo old vs 24, 3% in other
! . : C L L _ reports
Résplratory dstress . o152 134 286 118 - 231 ' 1741
Pneumonia,.bronchiolitis N 35 - 80 3 42.9 363 | :
Bronchoconstriction, - 18 To3v - .55 7.8 . 324 ."30.9 Asthma, wheezing, or stridor; 3 posmve
* ’ ) - . .- S rechallenges (a fourth positive
. rechaftefge report described ™
R N dyspniga)
Abbrewatlons HHE hypotonic hyporespcnswe epasode HSP Henoch-Schbnlan purpura MMR; measles, mumps. rubefla; URI, upper respiratory tract infaction; VV, varicelh

VACGITe,
. ‘Percentages indicate fracuons of reports in each adverse evert group that descnhe adrnmsirabun of PCV a!une without oiher vaccinations. Numbers reflect Vaccine Adverse

Event Reporting System reports for PCV administered after licensure in February 2000 through Febriary 2002, Serious cases include 117 géaths: Event catagons arg not
. mutually exclusive. Addition of row frequencies would fallaciously double-caunt numerous case reports that describe muttiple symploms, eg, & rash that accompanies feverand .
arthralgias. Febirile selzures conirbute 1o both fever and seizures, Encephalopathy inckides encephalitis and acute brain syndrome but omits 4.cases with disease prior jo vac-
. cinatign. Aciother § excluded reports have diffierent or more specific diagnoses {1 each jor Sydanham chorea, HHE, streptococcal sepsis, ataxia, and seizures). See text for °
add'tuunal |nfonnat|on about caserepurts with seizures, alax:a or gait disturbance, anaphylaws. 1hrombocytopema. and gastrmmatnai _problems E .

" Table 2 provides a detailed account of
reported events. Data are summarized be-
low for reports of death, positive rechal-

. lenges, neurologic events, pmennallwm-, .

. mune-mediated events, and reports of -
" pneurnocoecal infection.

@2004 American Medlcal Assoéiation. Al nghl.s reserved.

Deaths

-Reports to VAERS described 117 deaths

alter vaccination with PCV (TABLE 3).

A cause was identified i in 37.6%. Me-'
. diari intervals from vaccination to- death ’
were 51 days in the 12 cases reported'

from the health mainténance organi-
zation active surveillance and 3 days for

_the other 105,

Three patients-who died had sei- .
zures withont evident -etiologies. A
9-month-old female develo'ped statis epi-

(Repnnted) JAMA Octaber 13, 2004—Vo] 292, No 14 1705
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lepticus Z‘days_ after Her second dose of
PCV, given with hepatitis B vaccine and
- a taberculin skin test. She had a recent

diagnosis of “grossmotor delay™ no au-*

topsy was performed. A pair of frater-
" nal twins had seizure disorders that be-
" gan after immunizations. One diedat 12

.

" mouths of age with no cavse identified
- atautopsy. Her sister died 4 months later;

postmortem histology indicated she had
bronchopneumonia, and the patholo-
gistattributed deathi to a seizure disorder.

Three deaths involved incidental liver

pathology. Orie patient had liver en-

Table 3. Fatalities Reported After Pneumoeoccal Conj ugate Vaccine (PCV), Umted States,

March 2000-February 3002

. No. of Cases (%) ‘Comments s
Vaccinations 117 {100.0}
POV with other vaccines 105 (89.7)
PCV alone. - 12(10.9)
Sex )
Male 69 (58.0)
Female . 48-(41.0) ,
Age, mo . .
<6 80 (68.4) ¢
B6-11 19 {16.2}
12-23 15 (12.8)
>23 - * 3(2.8)
" Surveitance made .
Passive 106 (89.7) Spontangous case reporis 1o VAERS;
. median interval from vaccination to
) death, 3 d [range, 0-315d)
Active (postlicensurg study) 12 {10.3} Prospeciive HMO-based monitoring;
’ median interval from vaccination 1o
death, 51 d (range, 12-157 d)
No cause identified 73 (62.4)
After auvtopsy 68 (58.1)
Without autepsy 5 (4.3}
Glassificatiens j K
S1IDS 51{43.6) Includes 3 deaths at age >12 mo
PossibleSIDS B(65.8) " Without ¢lear distinction from
suffocation, eg, when infant had
. been sleeping with parent
Unknown cause 14 (i2.0) No cau\s?'e identified but not designeted
- SID
Cause identiied " 44(37.6) . .
Antenatal or perinatal conditions J13(1.) Congenital anomalies, congenétal
) ’ - . cytomegalovirus infection; or
bronchepulmonary dyspla5|a
Infections 22 (18.8) Pneumccoccal infections in 7 cases
Pneumonia or bronchms 11:(9.4)
Meningitis 7 6.0}
Other infections 4(3.4)
Seizures . 8(6.8).
‘Ceongenital or perinatal dISOI’dEfS 20.7)
Meningitis’ 3 {2:6) .
Pathophysiology unclear 3{26} - Seatext
Hepatic pathology 3{2.6) " See text
Acute encephalopathy 2(1.7) See text
Thymoma 1{0.9). )
"Myocarditis 1(0.9)
Probable asphyxia 1{0.9)
Intl.xssusoeptlon 1(0.9) See text

Abbreviations: HMO, health malntenance organlzauon. SIDS, sudden infart death sjndrorne. VAERS, Vaccine Ad-

verse Evert Reponmg System

1706. JAMA, Ocraber 13, 2004~—v°1 292, 'No. 14 (Reprinted}
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zyme elevations with septic shock and

. meningitis due to Streptococcus pneu-

moniae (serotype 14). The conclusion af-
ter postmortém examination of the sec:
ond patient was probable sudden infant
dedth syndrome (SIDS) with mild.non-
-specific hepatic and pulmonary conges-
tion. The autopsy for the third also dis-
‘closed-hepatic congestion, but the cause -
of death remained unexplained. ~
Autopsies on 2 patients identified

. acute encephalopathy after multiple im-

munizations: A previously healthy 10-
week-old female diéd 11 days after vac-
cinations. Her postmortem examination
disclosed anoxic encephalopathy, “re-
suscitated $1DS,” and multisystem is-

-\ chemia. A 12-month-old mdle with a

history of premature bitth had vomit-
ing, diarrhea, and fever 1 day before
multiple vaccinations and then died

 with acute cérebral-edema less than 1

"day afterward.
A patient with frequerit charrheal epi- -
sodes over the previous few months was
waiting for surgery when he died 3 days
after multiple vaccinations, A barium
enema had disclosed intussusception.

Positive'Rechallenges )

In 23 reports, patients experienced the
same event after PCV (often with ad-
ditional vaccines) more than, once.
These positive rechallenges involved fe-
ver, irritability, or other nonspecific
symptoms (7 ¢cases); respiratory symp-
toms (4 cases); prolonged or abnor-
mal crying (4 cases); gastrointestinal

- (GD) disturbance (3 cases); possible al-

lergic reactions (2 cases); seizures (2
cases); and hair loss {1 case). -

Neurologic Events

Of all PCV reports, 37.9% included at
Jeast 1 potential neuroldgic symptom,

- or diagnosis. Among the first 98 pa-

tients with reported seizures, supple-
mentary follow-up disclosed that 79
-(80.6%) had a priox history of seizure
or a fever at the time of the seizuze; the
other 19 (19 4%) - had no fever re-
ported with the seizre and did not ap-
pear to have a medical hlstory that
might account for the seizure. By 2
months after the initial postvaccmal sei-

© ©2004 American Medical Association. All Aights reserved,
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- zure, 12 of the 19 i)atients had no fur- -

- ther seizures and were not réceivingan-
ticonvulsant therapy. Two others
experienced at. léast 1 additional sei-

" zure associated with high fever or epi-

"lepsy diagnosed after, vaccindtion but

- were not 'treated with anticonvul--

sants. The remaining 5 patients did re-
ceive anticonvulsant medications. Three

. of these 5 continued receiving therapy,
. 2 for epilepsy and 1 for atypical Ajcardi .

syndrome (a congenital neurologic s sei-

POSTLICENSURE SAFETY SURVEILLANCE FOR PNEUMOGOCCAL VACCINE

Table 4. Fneumococcal Meningitis in 23 Reports* .
- -Preumococcal Coruugate Vaceine, No of Doses ;

. L . Lt 2 3 4
‘Total No, of cases B 10 8 .4 1
No. of cases with ) 3 4 2 1

T vaccing serotypes : . :
identified - .
Rangeof intervals -4 d-2 me . -~ 8d-Bmo 2d1y &mo
-after last dose {in 8 reports with dates):  {in 5 reports with dates) -

‘Nlna of 23 reported cases of pneumococeal menmgrlls idantified serotypés 6B, 9V, 14 2 reports), 8¢, 19F (2 re

pons) and 23F (2 reports); 1 report desciibed aspecimen that was “positive for 1 ofthe 7 serotypes contained i in the
. vacc:ne without further specification. The other 13 reporis-did not provide any serotype identification. v

zure disorder); the other 2 children dis~, - .

.continued anticonvulsants 1 monthand
5 months after their initial seizures and
remained free of seizure activity.

The 54 patients with ataxia (11
cases), abnormal gait (39 cases), orboth

. (4 cases) developed symptoms-from
- hours to weeks after vaccination, ex-
 cept for 1 patient who developed ataxia

more than 2 months after receiving PCV
. and varicella vaccine. In 19 cases, pa--

tients had received live virus vaccines
for varicella (12 cases) and/or measles,
mumps, and rubella vaccine (15 cases}.

.One patient who received only PCVand

‘"hepatitis B.vaccine began to vomit re-
* peatedly and manifested truncal ataxia
" (inability to stand despite having be-

gun to walk 2 weeks earlier) and nys-

tagmus about 13 hours after vaccina-
tion, interpreted as acute cerebellar
* ataxia. Three reports described ataxia,.
and 12 described gait disturbance af-
" ter PCV alone. One patient’s ataxia be-

. gan-before his vaccination. The seé--
.ond -developed ataxiz and slurred |

speech 3 weeks after-vaceination and
veas later diagnosed as having Syden-
ham chorea..The third had persistent
otitis media, already treated with 2 an-
tbiotics before vaccination, when his

. physician added cefpodoxime (pos--

. sible adverse effects include dizziness,
‘vertigo, shakiness), followed 6 e 12
hours later by onset of ataxia.

) Immune-Medlated Events

Almost one third of reports (31.3%) de-

‘scribe allergic or other syndromes that

might Teflect abnormal immune re- '

ssponses. In particular, anaphylactic or
anaphylactoid reactions were de-
scribed in 14 reports; 12 of the 14 pa-

.| ©2004 American Medical Association. All rights reseived.

tients had received only initial doses of
PCV, and the other 2 reports de-
scribed no problem after previous doses.
All 14 patierits survived; at least 8 re-

ceived epinéphrine. Symptoms emerged .

" 5.to 30 minntes after vaccination in 8

" patients and after 1 to 4-hours in the
other 6. Three patients received PCV - -

alore; 2 of them had syrptoms within

'5 to 10 minutes. One patient devel-
. oped symptoms 150 minutes after re-

ceipt of PCV and diphtheria and teta-
nus toxoids and acellular pertussis

"vaccine, An allergist later learned that

a second feeding with a particular in-
fant formula preceded symptoms by 30

- minutes. The baby had previously de-

veloped erythema and swelling of his

lips after the first trial of that formula..
With this history and ¢tonsistent skin .

test results, the allergist concluded that
casein in the formula had most hkely
been at fault.

Although 78 reports described pos-
sible thrombocytopenia {with descrip-
tions of thrombocytopenia, petechiae,
purpura, or ecchymosis), only 14 pro-
vided documentation of depressed plate-

let counts, with 2 mildly affected pa-.
.tients (50000-150000 platelets/mm3)

and 12 with severely depressed counts

(<20000/mm>). None died. One of the

14 patients developed immune throm-
bocytopenic purpura and aplastic ane-

mia 1 week after her first dose of PCV,’

given alone. The other 13 patients de-

veloped symptoms ] to 35 days after

multiple immunizations. At least 8 pa-
tients had vaccines, medications, or vi-
ral or bacterial infections as potential
causes, including 4 who had received

"measles, mumps, and rubella vaccine

(28.6% vs 17.536 of other PCV re-
ports).-Among the other 64 reports with.
possible thrombocytopenia but plate-

let counts unspecified or highe_r’t}ian .
150000/mm?, 27 involved injection site-

bruising or other local reactions, and 25
involved petechiae elsewhere.

Antibiotics provided an alternative . -
etiology for 1 patient with serum sick-, *
ness, but a large fraction of these case

Teporis (5/6) described no addltlonal
vaccine given with PCV.

Possible Vaccine Failures

Among 7 patients who died with pheu-
mococcal inféctions, 6 had received .-

only 1 or 2 PCV doses, and 2 had vac-
cine serotypes identified. A 9-month-

old male died with serotype 14.pneu-

mococcal meningitis 19 days after his
first dose of PCV. A 13-month-old male
died with serotype 19F pneumococeal

‘meningitis 4 months after his third PCV -

dose. His history included premature
. birth, congenital bronchomalacia, atra-. . -
cheostoiny, duodesial atresia; and a tra-
- cheoesophageal fistula.

Invasive Spneumoniae infections de—' :

- veloped in 34 patients with meningi- -

tis, pneumeonia, or sepsis after 1 PCV -
-dose (11 cases), 2 doses {11 cages), 3

doses (10 cases), or 4 doses-(2 cases).

- Ten of 23 patients with pneumococeal

meningitis had received only initial

doses of PCV (TABLE 4). Of 21 reports -
with serotype data from any invasive °

preumococeal infection, 19 identified
vaccine serotypes (4, 6B, 9V, 14, 18C,

~19F, 23F). Every vaccine Sserotype ex--
cept type-4 appeared in at least 1 re-
port; the most frequently occuiting se~

rotype was 19F (7 cases).

(Repnnted) JAMA, October 13, 2004—-Vol 292, No. 14 1707
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COMMENT
The great majority of reports in the first

. 2 years after PCV licensure described -

minor signs and symptoms previously
recorded during clinical trials. The pro-

portion of reporis portraying serious -

events (14.6%) was. similar to that for
other vaccines (14.3%).10 Still, rare re-
ports of serious events, including sei-
zures, anaphylactic. or anaphylactoid
reactions, serum sickuess, and throm-
bocytopenia, might represent uncom-
mon risks and warrant further assess-
ment. Symptoms that recurred in
children after repeated doses of PCV,
including allergic reactions, pro-
longed or abnormal crying, fussiness,

dyspnea, and G1 distress, also warrant
further study. '

The interpretatidn of VAERS re-

Ports requires caution because many re-
ported events may not be due to the vac-
cine. In addition to the fact that other

. vaccines were-administered in two.
. thirds of PCV reports, all of the events .
described in these 4154 reports (ex—_‘

cept for true vaccine failures) can oc-
cur independently of immunizations.
Children frequently develop fever, vom-

. iting, diarrhea, and rashes in' the ab-

sence of any vaccination. Febrile set-
zures are not rare. Even anaphylaxis can
have nonvaccine causes. With time af-
ter vaccination, intercurrent expo-
sures to nonvaccine antigens (food or
others) may oceur, as illustrated by the

" patient with anaphylaxis whose posi- -
tive rechallenge and skin test evi- -
. dence implicated casein informula as -

the offending antigen. Local reactions
at vaccine injection sites are common
and nearly always benign and tran-
sient. With both temporal and ana-
tomic associations between injection
site reactions and recent vaccination,
we usually infer causation, as re-
Hected in terminology (“reaction”rather
than “report™), but even these events
mhay stem from immunization tech-
nique; host experiexice (prior expo-
sure to antigens, as in Arthus reac-
tions), or other factors apart from a

.vaccine’s intrinsic COH}pOSltIOI‘l Posi-

tive rechalleniges seem less likely to arise
by chance alone, but they do not abso-

1708 )AMA, Octobér 13, 2004—Vol 202, No. 14 (Reprinted)

lutely confirm that a vaccine caused an

adverse event, especially when the vac- .

cination and event are both common.
Pissive surveillance systerns have im-

_portant limitations, including under-

reporting.'! Despite incomplete case as-
certainment, however, the value of
VAERS-based safety surveillance was

- demonstrated when a small number of
ihitial intussusception reports for ro-

tavirus vaccine led to epidemiologic
studies that verified the hazard, Ever:

after publicity stimulated additional re-’

porting, VAERS received information

. on only anestimated 47% of cases that

had actually occurred.'? Underreport-
irig of adverse events undoubtedly af-
fects PCV as well. The increasing re-
port numbers in the first year probably
reflect growing utilization, along with
the “Weber effect” of greater report-

“ing enthusiasm or diligence for new

products.”” The subsequent decrease
may relate in part 1o PCV shortages,

‘which occurred between August 2001

and late 2002, ag well as waning of
reporting enthusiasm and reporting

- delays.

Although limitations of VAERS pre-
clude ascribing reported seizures to
PCV, vaccination may have played a
role in at-least some cases. In the pri-
maty clinical trial before licensure, a few
more patients had seizures within 3
days after PCV than after the menin-
gococeal compardtor vaccine (8 vs 4),
raising concern about a possible asso-

ciation. However, all of these seizure pa-

tients had received at least diphtheria,

tetanus, and whole cell oracellular per- -

tussis vaccitie concomltanlly We found
that most of nearly 400 seizures re-
ported to VAERS followed multiple vac-
cinations. One patient had a positive re-
challenge, but his febrile seizures were
associated with infections as well as vac-

. cinations: Like other vaccines, PCV can

provoke fever, which could trigger a fe-

_ brile seizure. From prelicensure stud- -
“ies, up to 23.9% of PCV recipients de-

veloped fever of 38°C or higher in the
first 2 days, and 0.9% to 2.5% had fe-
ver higher than 39°C.2 However, about

1in 5 patients with a seizure reported
- to VAERS did not have a history of fe-

ver or.a previous seizure disorder. Most
of these patients did not require sub-
sequent anticonvulsant medication. -
Similarly, some allerglc Teactions may
be attributable to PCV.. Reported aller-
giceventsincluded anaphylactic or ana- -
phylactoid reactions within minutes to’

‘hours after PCV. Many other patients

with urticaria, facial edema, angio-
edema, pruritus, or unspecified aller-

" gic reactions may have had immediate

hypersensitivity reactions of lesser in-
tensity. Some patients had symptoms
only days afler vaccination. ~ .
Pneumococcal conjugate-vaccine
may have coritributed. to some of the
other reporied immune-mediated -
adverse events. The 12 reporis .of
thrombocytopenia with profoundiy
depressed platelet counts illustrate un-

-certainties in the interpretation of pas-

sive surveillance data. Thrombocyto-
penia is a recognized complication of .
measles-containing vaccines'*V and has
been reported after varicella vaccine.'®
Although both products have live vi-
ruses, an immunologic mechanism
mlght not require a live virus agent."
On the other hand, most patients had
received multiple vaccines, their inter--
vals [rom vaccination. to onset varied,
and several had inféctious or drug ex-
posures that might account for their
thrombocytopenia.

Postvaccinal vasculitis has been de-
seribed after other immuinizations, in- -
cluding varicella vaccine,'® and Henoch-
Schonlein purpira is rare in young

«children.” However, we suggest cau-’

tion in assessment of this diagnosis as
a potential risk of PCV. Severalrash ill-
nesses are common in young chil-

. dren; many vasculitis reports to VAERS -
.lack clinical details and laboratory evi-

dence, and rione had a biopsy. Most re-
ports of Henoch-Schénlein purpura did
not describe arthralgias or mtes tinal
Symptoms. :
After extensive review of medical lit-
erature and clinical vaccine trials, Jef-
ferson and Demicheli*' found “no evi-
dence of alink between IDDM [insulin
dependent diabetes mellitus] and vac- -
cination in humans.” The Institute of
Medicine recently concurred with this

©2004 Ameritan Medical Association. All ﬁgﬁu reserved.
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assessment,” and 2 recent studies de-

. scribed no association between.vac-
cines and diabetes melluus.”‘* The 6
. teports of diabetes mellitus after PCV

. amount to very few cases when con- .

trasted with the miillions of vaccine
- doses administered, Their-appearance
after PCV-seems more likely to be
purely coincideéntal, with reporting
stimulated by publicity about poten-
- tial relationships to. vaccination.?®
We previously described alopeciare-
. ports to VAERS with 3 clear positive re-
challenges for hepatitis Band 1 with in-
[hienza virus.vaccine.? One of the 2
reports for PCV now provides a sec-
ond positive rechallenge case fora vac-
cine other than hepatitis B. Onboth oc-
casions, alopecia began-1 week after

administration of PCV with 2 other bac-
terial vaccines. The sequence suggests-

that alopecia may be 2 nonspecific re-
. sponse to vaccmauons or other immu-
nologic stimulation, rather than nec-

essanly having a specific relauonshlp ,

with hepatitis B.

The reported deaths cannot be at-
tributed to PCV. Even among [atali-
ties. from pneumococeal infection in

- PCV recipients, only 1 patient had an
infection-with a pneimococeal sero-
' type included in the vaccine after re-
ceiving more than 2 doses. We ana-
.lyzed all repoited dedths, but the 12
from active survéillance might differ
from most VAERS cases. in. various
ways. Most iinportantly, clinical con-
cern about a possible relanonshlp with

- vaccination probably motivates most .
voluntary reporters after they seeanun-

“expected event in a recently immu-
nized patient. We believe that the short

median interval from-vaccinatien un-’

- til death for the spontaneously re-
: 'ported cases reflects this psychology, in
. clearcontrast to the substantially longer
_ median for the 12 actively ascertained

cases, Silvers etal” reviewed fatality re- -

- porting to VAERS dunng a period prior
_to PCV licénsure. Unexplained deaths
ptedominated then as they do for PCV
.Teports now. A report to VAERS is less
likely for a death aftér evident illness

or whén an autopsy identifies pathol-

- ogy. In contrast, deaths that remain un-

- ©2004 American Medical Association. All rights reserved.
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explamed after. mvesnganon are moreA
- likely to engénder concern over a pos-

sible relationship to Tecent vaccina-

tions. Several systematic studies failed’

to find an association between SIDS and
vaccinations.?*3? The Institute of Medi-
cine recently reviewed sudden unex-
pecied infant deaths, finding that the

weight of evidence does not sipport .
_causal linkage between SIDS and mul-

tiple vaccinations routmely scheduled

togéther.

. Most or all of the' GI symptoms re-

-ported with PCV might not relate to
" vaccination; despite positive rechal-’

lenges, since diarrhea and vomiting are
so prevalent during infancy. The ten-

dency for reported symptoms to fol--
low soon after vaccindtion (eg; nearly -
- half of GI cases in the first day) miay re-
- flect selective reporting, Physicians and
patients’ families would be progres-

sively less likely towonder about a pos-
sible vaccine role as the postvaccina-
tion interval increases. The Weber effect
and publicity -about rotavirus vaccine
and intussusception may have stimu-
lated reporting to VAERS for the 5 in-

-tussusception cases with PCV, even

though it is neither a live virus nor an

orally administered vaccine. How- |

ever, it is routinely given to infanis, the
agé group. in which 1ntussuseepuon
typically occurs.

A report of neonatal hyperbilirubi--
_nernia after-accidental gestational ex-.
" posure to PCV is the only pregnancy

exposure to come to light thus far. Neo-
natal hyperbilirubinemia is corhmon,

usually promptly recognized and’
-treated, and has no Known relation-"
ship to immunizations. Although PCV.

is nota live virus product and is not in-

dicated for adults, additional case re-

ports would contiibute 1o clanfymg any

potential risk from gestational expo--
" sure. The Institute for Safe Medica-
tion Practices described 3 other adults
who received PCV: by mistake.* We
. abnormal crying, fussiness in infants,

found misclassification of the 2 pneu-
mococcal vaccines, PCV and the poly-
valent polysaccharide vaccine, in
several cases. Inadvertent product sub-

stitutions could deprive an adult of pro--

tection from several serotypes in-

_8...

cluded in -poly.\.faleflt pol'ysacéharidé
~vaccine but not in PCV. Conversely, if

‘ayoung-<hild receives the adult proc{-

uct, rather than PCV, immunogenic-

- ity would be inadequate.

Although VAERS receives reports of
suspected vaccine failurés, novaccine
protects every recipient. The main clini-
cal trial of PCV demonstrated efficacy
of 100% after 3 or 4 doses for protec-
tion against pneumococeal inféctions-
with sefotypes in PCV (with a lower
95% confidence estimate of 75.4%).! Ef-
ficacy caleulated for prevention of any
invasive pnenmococeal infection (not
just vaccine serotypes) among chil-
dren who received 1 or moré doses was
88.9% (with, a lower. 95% confidence
limit of 63.8%).! If PCV has 90% pro- *

tective. efficacy against any invasive -

pneurhococcal infection, roughly 150 -

children per million vaccinees younger
than 3 years could be expected to con-
tract these infections each year. Al-
though few reports to VAERS for inva- -

sive pneumococcal infections had

serotypé information (21 cases over the

2 years after licensure of PCV), suchre-: -~

ports are shared with a new CDC sur-
veillance program (available at: hup:
/www.cdc.govinip/diseases/pnenitio -
/PCV-survipts/default. htm) that seeks ..
to systematically identify serotypes of

_isolates from normally sterile sites. By.

monitoring for infection shifts toward
strains not in PCV, this program could"
guide serotype selections for future

' polyvalem pneumococcal vaccines.

In the first 2 yeats after PCV licen-

sure, the’ great majority’ of VAERS re-

ports portray. minor adverse events al-

.ready observed during clinical trials. Qur -

focused follow-up of the first 98 sei-
zure reports addressed a concern aris-
ing from the prelicensuré trial. We found
that the large majority of reported

-seizures were febrile or in patients with

a previous 'histery of seizures. Al-
though allergic reactions, prolongeql or

dyspnea, and GI distress are common

. childhood symptoms apart from immu-

nizations, their occurrence with posi- .
dve rechallenges after PCV i increases the =

: p0551b111ty of occasional ¢ausal relauon- '

(Repnnted) JAMA October 13, 2004—Vol 5, No 14 1709
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.ship with vaccination and therefore,
-warrants continued surveillance for these

“events, The FDA and CDCwillalso'con-
tinue to monitor VAERS {or reports o of

" rare but potentially serious events, such -

-as seizures, anaphylacnc or anaphylac-
toid reactions, serum sickness, and
thrombocytopenia.
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Sarah Richman, Sean Shadomy, Lise Stevens, Freder-
ick Varricchio, Xu Wang, Jane Woo). We feel special
gratitude to all patients and their parents, nurses, phar-
macists, physicians, and .others who reported ad-
verse events to the VAERS program.

- Other Resources: The following Intemiet sites pro-

vide additional information for people wishing to file
a report to VAERS or to learn mdre about the VAERS
prograr: hitp:/fwww.vaers.org: http:/fwww.fda gov.
/cber/vagrs/vaers. bt hittp:/ f'www.cde.gov/nip.
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