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Abstract . In 1968, 572 persons in the United States
had confirmed vaccination complications. Of these,
82.5 per cent had received Vaccinia Immune Globu-
lin. Sixty-eight per cent of the patients were prima-
ry vaccinees, 7 per cenl were revaccinees, 20 per
cent acquired vaccinia not by vaccination but by
contact, and 5 per cenl had unknown histories of
vaccination. There were nine deaths: four caused
by postvaccinial encephalitis, four associated with
vaccinia necrosum, and one caused by eczema
vaccinatum. There were 74 complications and one

N 1967 Nell and others presented results of the first
studies on the ineidence of complications of small-

pox vaccination in the United States since Vaceinia
Immune Globulin and  thiosemicarbazones  came
into general nse,'® They found that complieations
ovenrred most frequently in children under one
vear of age. The United States Public Health Serv-
ice and other groups subsequently  recommended
that primury vaccination in the United States be
deferred to the second vear of life, These studies
were retrospective: eases  that oceurred in 1963
were studied in 1964 and 1965, Clinical and epide-
miologic details of some cases had been lost,

This study and its companion study® were de-
signed to gather more complete information on the
risks of smallpox vaceination, with the use of multi-
ple sources of reports of complications,  Patients
with suspected complications of smallpox vaccina-
tion in 1968 were identified through several sources
in addition to the American Red Cross, which fur-
nished 99 per cent of the reports of 1963 complica-
tions. An estimate of the number of persons vacei-
mated during 1968 was obtined from the National
Inmunization Survey.

MATERIALS AND METIIODS
Detectlon of Suspected Complications

Patients with suspected complications of smallpox

*From the Domestic Branch of the Smallpox Erudication Program,
National Communicable Disease Cenler,

death per 1,000,000 primary vaccinations. Morbidity
and mortality rates were highest for infants, with
112 complications and five deaths per 1,000,000
primary vaccinations Eczema vaccinatum was more
severe for contacts than for vaccinees. Although
the risk with revaccination is less than a tenth
that with primary vaccination, vaccinia necrosum
develops in patients with immunologic disorders
whether or not they have been previously vaccinated.
These estimates, based on surveillance, must be
considered minimal.

vaccination were detected through seven sources,
The first was the American Red Cross Vaceinin
Immune Globulin distribution system, which sup-
plicd the names of physicians or patients given
Vieeinia Immune Globulin (VIG). The physicians
were asked for elinical and epidemiologic informa-
tion on their patients shortly after receiving VICG,
Sceondly, the several consultants to the Red Cross
VIG program supplicd the names of patients sus-
pected of having complications of vaccination who
came to their attention but did not receive VIG.
Thirdly, state and territorial epidemiologists sup-
plied the names of severl patients with complica-
tions although these conditions are not all officially
reportable, Fourthly, the Burroughs-Wellcome Com-
pany  supplied information on patients receiving
thiosemicarbazone (Marborant). Fifthly, companies
producing smallpox vaceine made available files on
complications allegedly attributable to their prod-
ucts. Sixthly, the Encephalitis Surveillance Unit of
the National Communicable Disease Center made
availuble  the reports of postvaceinial  encephali-
tis which they received from state health depart-
ments. Seventhly, the Viral Exunthems Unit of the
National Comumunicable Disease Center reported
specimens submitted to its dingnostic Tahomtory for
confirmation of vaceinia,

tInclusion of irnde names [s for identification only and does not imply
endorsement by the Public Health Service of the U. S. Department of
Health, Education, nnd Welfare.
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Patients receiving VIG from the American Red
Cross during 1968 represented K2.5 per cent of the
eases in this study., The Red Cross VIG distribution
system and its lst of consultants have been in exist-
ence for eight vears and are published in many
standard therapeutic guides*® For the last four
years, approximately 8500 to 9500 ml of VIG have
been distributed each year, In 1968, 9385 ml of
VIG were distributed to 563 patients. There were
119 patients reported who did not receive VIG: 69
were reported by the Red Cross VIG consultants
who learned of the patients but did not release VIG
for them, and the other 50 were reported hy drug
companics, the Encephalitis Surveillance Unit of
the National Communicable Disease Center and
miscellaneons sources.

Each patient's clinical record was obtained and
anilyzed by us, and in several the dingnosis was
chunged, The enses were classified according to the
definitions nused by Nefl et al! Pertinent clinieal
and epidemiologic information on each patient was
summarized on a standard form. Complete informa-
tion was obtained on all hut 11 of the 682 patients.
Of the 671 patients for whom clinical data were
available, 572 were treated for a bona de complica-
tion of smallpox vaccination, Of the others, 22 with
cezema, 18 with other skin conditions, 18 with vari-
celln and six with various conditions cansing de-
creased resistance to infections were given VIG
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prophylactically and had no vaceininl complieations,
Thirty-five cases were found to he unrelated to vacs .o
cinln; most of these were caused by herpes, varicel-

la or drug reactions.

Population Vaccinated during 1968

In 1968 the National Bureau of the Census, in co-
opemtion with the Nationnl Communicable Disease
Center, conducted a survey designed to evaluate
the immunization status of the United States popu-
lation® This survey was based on a sample of
35,000 households comprising approximately 100,000
persons in 50 states and the District of Columbia,
The standard error of estimate for numbers of small-
pox vaccinations was less than 1 per cent for each
age group.

An estimated 5,594,000 primary vaccinations and
8,574,000 revaccinations were done in 1968 (Table
1). Over half the primary vaceinations were in chil-
dren under the age of five vears: most revaeeinn-
tions were in persons over the age of 10 vears, The
estimated total numwmber of vaccinations  in the
United States  during  this 12-month period was
14,168,000, There was no major shift in the number or
distribution of smallpox vaccination between 1963
and 1968,

RESULTS

The vaccination status of the 572 patients with

TanLe |. Complications of Vaceination by Liagnosis and Vaccination Status.

At 1Yn) No. oF
VaCriNaTIONS
POSTVACCINIAL VACCINIA
ENCEPMALITIS NECRONUM
Primiiry viccinations®:
<| 614,000 400t a
I-4 2,713.000 (] 1
3.9 1,553,000 St et
10-14 295.000 0 0
15:1%9 111,000 (1] 1t
20+ 288,000 1 2
Unknown 0 0
Totuls 5,594,000 16 (41t st
Revaccinntions:
<l Q (4] 1]
1-4 478,000 0 n
5.9 1,641,000 0 Hent
10-14 1,440,000 0 0
15-19 1,217,000 0 1
204 3.796 000 1] 4t
Totalx R.574.000 1] 6(2)t
Coniaels:
<l 0 L]
-4 1] (1]
5.9 1]
1014 0 n
1519 0 a
i+ 0 ]
Unknown 0 a
Towls 0 n
Grand totals 14,168,000 16 4yt Tt

No, oF Cases

FUZEMA GENERALIZED ACCIDENTAL OTHER TOTALS
VACCINATUM VACTINIA INFECTION

5 4 7 i 9
3 47 9l 40 216
" 20 2 8 7
| 2 1 ] 5
2 3 2 0 8
7 1 4 5 2
Kl 3 s 2 i

<« 131 142 66 FITE
0 0 0 0 0
1 0 ] 1 3
4 1 3 2 1]
I 0 0 0 |
2 0 0 0 3
0 9 1 6 22
® 10 7 ] a0
4 0 9 ] 4
38 (1) 1 16 6 61
8 0 7 0 18
o 0 2 0 2
I 0 | 0 2
5 ] 9 0 19
(1] (1] (1] I _I
a0 (11t 2 a4 [ 114
126 (0t 143 193 (3l $72

*Includes 11 putienis with unknown vaccination stulus.

1Deaths aitributable in inia shown in par
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vaceine-associnted illnesses is shown in Table 1, Of
these, 387 (G8 per cent) were known to have re-
ceived primary vaceinations, and 40 (7 per cent)
revaceinations. Of the 36 given revaccinations
whase previous vaceination dates were known, 20
(56 per cent) had been vaceinated more than 10
years previously. One hundred and fourteen (20 per
cent) were not vaceinated at all, bhut aequired vaeei-
nia from a recently vaccinated playmate or sibling.
The vaceination status of 31 patients was unknown.
Because of the preponderance of primary vieeina-
tions over revaccinations among patients whose vac-
cination histories were known (10:1), these 31 pa-
tients are arbitrarily grouped with those receiving
primary vaccinations throughout this report, bring-
ing the total to 418,

Postvaccinial Central-Nervous-System Disease

“postvaceinial central-nervous-system disease” in-
cludes n variety of disorders manifesting signs and
symptoms of classic encephalitis, encephalopathy,
demvelinization or neuropathy, These entities are
attributed to vaceinia heeause of their temporal rela-
tion ta smallpox vaceination and beeause of the ab-
sence of any other etiology. The pathology of these
discases is similar to that seen with other viral eentral-
nervous-system disorders.

Table 2 is o line listing of the 16 patients with
postveeeinial central-nervous-system disease, Nearly
every patient had fever at the onset, and in a large
proportion of them, convulsions developed. Nearly
hall the patients became comatose during their ill-
ness. Laboratory tests were of little value except to
exclude other canses. All but twao patients had lum-
bar punctures done no later than three days after
the onset of the illness. Over half showed no
cerehrospinal-Huid abnormality, and  the others
showed only a modest inerease in cells (10 to 520
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cells per cubie millimeter) and protein (50 to 140
mg per 100 ml).

None of the 16 patients had underlying illness
known before vaccination or found during or after
hospitalization. Four survivors had residua. One was
blind for two months alter onset and now is consid-
eredd to by a hyperirritable, brain-damaged child.
Another is thought to have psychiatric diffculties, A
third may have a seizure disorder. The patient with
postvaceinial myelitis is quadriplegic and requires
continued institutional care.

Despite supportive therapy, each of the four pa-
tients who died had a fulminant conrse lasting for
one to six days. Post-mortem examination revealed
only severe cerehral swelling in two patients and
diffuse petechial hemorrhage over the entire cortex
in another. The fourth showed diffuse cerebral
edema, focal areas of demyelinization and marked
lymphoeytic perivascular cuffing with glial prolifern-
tion., Post-mortem examination mled out other
pathologic c¢hanges such as bacterinl  meningitis,
tumor or tubereulosis. Clinieally and pathologically
these cases At the established criteria for post-
vaceininl central-nervous-system disease.™

Vaccinla Necrosum (Progressive Yaccinla)

Table 3 lists the patients with vaceinin necrosum
detected in 1968. Three patients had diseases or
conditions not commonly associated with immuno-
logic deficiency or vaccinia necrosum: a child with
microcephaly and cerebral palsy; a man with a
depressed immunoglobulin M while he was receiv-
ing anticoagulants; and a woman receiving sntime-
tabolite therpy for psoriasis.

The 11 patients all demonstrated progression of
their vaceination sites and systemic symptoms such
as fever. Seven patients had metastatic lesions or
varying parts of the body. The discase was ding-

TanLE 2. Postvaceinial Central-Nervons-System Disease.

Ata A Vactisation VartiNatiN PRLsr 1IN SHons & Ourens
Starus 1o (st SymrrOoms
1Davs)
h mo PVE*® Primury 14 Fever, samnulence Deuth
7 mu PVE Primary 9 Vamiting. stiff neck, convulsions Death
9 ma PVE Primary 17 Apnen, Jacksoninn seizure, coma Death
9 mo PVE Primury 13 Vamiting, irritability, coma Hyperirritability
14 mo PVE Primary 10 Fever. opisthotonos, comu Recovery
16 mo Ciuillain-Barré Primury n Fever, 6th-nerve purulysis Recovery
syndrome
17 mo 'VE Primury 6 Fever, convulsions Recovery
1% mo I'VE Primury 9 Fever, hypeructivity, convulsivns Recovery
2yr PVE Primury 9 Focal mutor seizure Possible seizure disorder
2yr PVE Primury 12 Prersonality change. fever, confusion Passible paychintric
disturbunce
Syr Postvaceinial Primury 1n Fever, henduche, paraparesis Quadriplegin
myelitis
Syr PVE Primury o Fever, convulsion Recuvery
Syr PVE Primary 14 Hendache, stupor, comi Deuth
6 yr "VE Primury 15 Fever, lethurgy, stifl neck Recovery
6 yr PVE Primary 9 Fever. headnche, convulsions Recuvery
42 yr PVE Unknown 13 Fever, mulnise, comn Recovery

spasivicciniul encephalitis o encephulopathy.
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TasLe 3. Vaccinla Necrosum. ™y
e
Ane Sex VACCINATION STATUS Unpiriyivg Diseass via THIOAEMICARRAZONE OuTtcome
22 mo M Primary Bruton's hypogammaglobulinemia + + Recovery
7y M Prirary Microcephaly with cerebral palsy + 0 Death
16 yr F Primary Aplastic anemin + + Death
58 yr F Primnary Psorinsls on antimeinbolite + o Recovery
45 F Unknown Hodgkin's disense + ] Recovery
6 yr M Revaccinntion Acute myelogenous leukemin + + Denth
19 yr F Revaccinalion Hodgkin's disense 1] + Recovery
26 yr F Revaccination Hodgkin's discase + 0 Recovery
39 yr M Revaccinntion Ischemic heart Jisenne on anticongulants +: L] Recavery
62 yr F Revnccinntion Chronic lymphocytic leukemin + o Denth
64 yr M Revaccinntion Lymphomn + o Recovery

nosed as early as seven days and as late as 49 days
after vaccination,

Four patients died. One was a 62-year-old woman
with chronie lymphatie leukemia, vaecinated for
severe recurrent hemes simplex, who was hospital-
ized over 60 days belore dying of overwhelming
infeetion and debilitation. A six-year-old boy with
acute myelogenous leukemin in remission had an
exncerhation of his lenkemin while he was respond-
ing to vaceinin neerosum therapy and died. The
child with microcephaly died after a flminant
course of under one month, The remaining death
occurred in a 1G-year-old girl with previously unde-
tected aplastic anemia who died less than a month
alter vaceination despite therapy with VIG, thiosemi-
earbazone and idoxuridine.

Eczema Vaccinatum

There were 126 cases of eczema vaccinatum
(Table 1), Eczema vaceinatum developed in 14 pa-
tients whose eczema was in complete remission at
the time of vaccination. Four patients’ eczema had
been inapparent in the areas of skin that became
involved by vaccinia,

Eczema vaccinatum in contacts was usually more
severe than in patients who were vaceinated them-
selves. Among the vaceinated patients, 39 per cent
were hospitalized, with a mean hospital stay of seven
and six-tenths days, Among those who acquired vae-

cinia via contact, 80 per cent were hospitalized,
with n mean hospital stay of 12.9 days (Table 4).

The contact that resulted in transmission of vacci-
nin was usually of an intimate nature. Children
nequired vaccinin from siblings, and parents from
their children. The interval from vaccination of the
contact to onset of eczema vaccinatum was deter-
mined in 40 (67 per cent) of the 60 cases (Table 5).
In 63 per cent of the contacts, the interval was over
10 days, suggesting that in maost cases the fully
developed vaceination lesion was the source of vae-
cinin.

Seven of the patients with cezema vaccinatum
received thiosemicarbazone as well as VIG. Six
were contagt cases of eczema vaccinatum. These
patients were all hospitalized and all severely ill. A
22-year-old woman, five months pregnant at the time,
scquired vaceinia from her child, Severe eczema
vaceinatum developed, and she was treated with
thiosemicarbazone and VIG. She had a spontaneous
abortion eight days after the onset of her illness and
three days after the start of thiosemicarbazone them-
py. There was only one death that was attributable
to eezema vaccinatum, This patient had contact-
acquired vaccinia and did not receive thiosemicurha-
zone,

Generalized Vaccinla

There were 143 cases of generalized vaccinia

TAnLE 4. Days of Hospitalization Attributable to Vaceination Complications, According to Diagnosis,

HoserraLizep Cases

Diacrosis No. o Cases
NUMIER RANGE MEAN TOTAL DAYS IN
(DAYS) (Davs) HOSPITAL
Postvaccininl 16 16* 1-60 1.3 180
encephnlitis
Vaccinin 1 B 6-Rd 7.5 300
necrosum
Eczemn 6o 48 2-41 12.9 621
vaccinatum (contact)
Eczemn b6 39 218 1.6 297
vaccinulum (vaccinnted)
Generalized 143 42 2.23 58 245
vaccinia
Accidentnl 193 56 2-16 5.4 303
infection
Other 83 29 121 6.8 197
Totals 572 238 1-84 9.0 2145

*I child permanenily hospitalized has arbitrarily becn susigned 60 days® hospitatization time for purposes of these ealculations.
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TanLi 5. Complications of Vaccinations, According to Interval hetween Vaccination and Onset.

Diaanosis
1-1 34 b TR
DAYS naYs DAYS PAYS
Postvaccinial 0 0 1 |
encephalitis
Vaccinia 0 0 0 l
necronum
Ferema 0 | 3l 5
vaccinatum (contact)
Eerema 1 9 4 17
vaccinnium (vaccinnled)
Genernlized 4 R 14 n
viccinia
Accidental 2 15 0 51
infection
Other | L] R 17
Totnls R 39 50 127

(Table 1), Most patients hael mild illnesses, and
only 28 per cent were hosyitalized (Table ).

The elinienl spectmim of generalized vaccinia wits
broad. Eleven of the patients had an underlying
condition, ineluding two with dysgammaglobuline-
min, four with allergics, one with steroid therapy
ane Tour with miscellancons skin disenses. In maost
enses  the  elinical  deseriptions obtained  were
insullicient 1o distinguish patients with vesienlar or
pustular r hes from thase with mueulapapular or
ervthema-multiforme-like rashes. There were no
deaths, and no patients suffered serious sequelue.

Accldental Infection

There were 193 cases of aecidenta] infection
(Table 1), The most common form of antoinocula-
tiom was accidental infection of the eye, which oe-
curred in 143 of the 193 eases. In most patients, the
lesions oceurred in the eyelids or conjunctiva and
were noted five to 12 days alter vaccination (Tahle
5). The cormea was involved in seven patients, Six-
teen of the 143 patients with ocular vaceinia re-
coived idoxuridine with or without VIG.

Other aceidental implantations oceurred at various
sites around the body. Although they often cansed
discomfort, they did not leave serious residua.

Other Complications

There were 83 cases with other types of vaceina-
tion complications (Table 1). Erythema multiforme
accounted Tor 48 of these cases, including nine pa-
tients with the Stevens-Johnson type of hullous ery-
thema multiforme. Unusually large and painful pri-
mary takes, with or without hacterial superinfection,
accounted for 13 cases, Superinfection of miscella-
neous skin rashes and burns ocenrred in 18 pa-
tients.

Five patients had purticularly unusual complica-
tions. A child with dormant idiopathic thromboeyto-
penie purpura had a reerdescence three days after
primary vaceination. In mnother child toxic epidermal
neerolysis developed three days after primary vieei-
nation, A woman receiving steroid therapy hecause

No. oF CA%FS ACCORDING TO INTERVAL

%10 11:12 13-14 15+ UNENOWN TOTALS
DAYS DAY RAYS DAYS
L] I 4 3 4] 16
0 2 0 6 0 1
6 4 3 16 20 60
17 3 3 4 R 66
13 15 7 14 15 143
3R 13 " 1o kE ] 193
» 3 % 2 »
121 47 as SR 87 LY

of low blood sugar had secondary implants of vacci-
nin on her face. In a 47-year-old man with no pre-
vious vaceination “take” generalized vaceinia and
substernal pain developed 10 days after primary
viceination: serial electrocardiogiams give evidenve
of a transient pericarditis. Finally, a twa-yvear-old
child received hot-water hums on 25 per eent of his
body two  days alter primary vaecination,  Two
weeks after he was hospitalized, satellite lesions
developed aronnd the bum sites, which were heal-
ing satisfactorily, One day later he died of eardine
and  respiratory  arrest.  Post-mortem examination
revealed severe bacterial pneamonia, and the role
of vaccinia in his death is not clear.

Hospitalization Duration Attributable to Vaccinia

The relative severity of vaccination complications
is rellected in the number of hospital days attributa-
ble to them. These are shown in Table 4. Of the
572 patients, 238 (including the nine whao died)
were hospitalized for 2145 days. The patients with
vaceinin necrosum were hospitalized for a total of
300 days. The days needed to treat the underlying
diseases of the patients with vaceinia necrosum are
diffienlt to separate from the days necded to treat
the vaceinia; only the days during which the lesions
of vaceinin necrosum  were present are counted
here.

Complication Rates

The incidence mtes for each complication per
1,000,000 vaceinated persons are presented accord-
ing to age group and vaccination status in Table 6.
The data from which the mtes are ealeulated are
shown in Table 1. The mtes underestimate the
morhidity eansed by smallpox vaceination by neg-
lecting 114 eases that ocenrred in contacts and
could not he assigned to either the primary or the
revaceination category,

Vaccination complications were fur more common
among persons receiving primary vaceination than
among those revaccinated. There were 74.7 compli-
entions per 1,000,000 primary vaceinations and 4.7
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TABLE 6. Complications Associated with Smallpox Vacelnation— Cases per 1,000,000 Vacelnations.*
Aur (Yx) PoaTvACCINIAL Vacomia Eczema GirwEaatizen ACCIDENTAL Oruen ToraL
ENCEMILALITIN NEcRMuUM VACTINATUM Vaccinia Inrrcnon
Primary vaccination:
<l [ - Rl 70.0 1.4 16.3 1124
-4 2.2 0.4t 1. 17.2 ERS ] [4.6 79.0
5.9 32 n.6¢ Tl 129 206 5.2 49.6
ST = 2.5t 7.4 123 7.4 2.5¢ Ao
204 15t 6.9t 243 45.1 13.9 17.4 1.t
Totals 29 0.9 10.4 214 54 IR 747
Revaccinntion:
<1 - - - - - - -
1-4 = - 211 - - 2.1f 4.2t
59 - 0.61 2.4 At 1.4t 1.2¢ 6.7
10-19 - 0.4t 1.1 - - - 1.5
20+ - 11 - 2.4 08¢ 16 SR
Totals - 0.7 0,9 1.2 0.8 1.0 4.7
sthmits | 14 patients with contact-acquired vaccinia. +Rate computed on brads of ) cmes or less,
1LO00ONO  revaceinations. The  that direct survey technies uncover at least 10

complieations  per
persons at highest risk were infants under one vear
of age, who experienced 1124 complieations per
1,000,000 primary vaceinations, The milder compli-
catinns, principally genemlized vaceinin and “other”
complivations, acconnted for most of this increase
in infunts under ane vear of age. The mtes for the
life-threatening illnesses of post-vaccinial encephalitis
aned vaccinia necrosum were 2.9 and 0.9 respectively
per LOBOOMO primary vaceinations. There were three
deaths in the 614,000 infants under one year of age
given primary vaccination. No deaths resulted from
primary vaccination of children between one and
five., The overall death rate was one per 1,000
primary vaccinations and one per 4,000,000 revacei-
nations, and one death oceurred in a previowsly
wnvaeeinated  contact of a person given primary

vaeeination,

DISCUSSION

This stindy has several differenees from and many
similarities to the study of vaccination eomplications
ocenrring in 1963, The current study uncovered
miny mare cases, principally by using additional
sources of reports. The overall rtes are therefore
higher than those reported for 1963, Patients were
evaluated shortly after the oeenrrence of their ill-
nesses, and oniy a small percentage had major un-
known items in their elinical or epidemiologic his-
tory. The proportion of all complications labeled
“penertlized vaceinia™ was greater in the 1963 re-
port. We helieve that more complete clinienl de-
seriptions would have enabled us to dingnose more
of the 1963 complieations as  ervthema  multi-
["T‘I“('.

The statistics presented here for the frequeney of
smalIpox-vaceination complications should be con-
sidered minimal estimutes of the risks of vaccina-
tion. Although several ease-detection methods were
employed, o few severe and many minor complica-
tions nay not have heen deteeted, Studies af 1963
vaceination complications in four states demonstrated

times as many cases of generalized vaceinia, aced-
dental infections and mild eezema vaceinatum as
the VIG distribution system detects?

The surveys for 1968 vaceination complications
conducted in 10 states confirm that finding and elar-
ify the reliability of the national surveillance data?
Incidence rates for clinically less severe complica-
tions (accidental infection, generalized vaccinia and
erythema multiforme), calenlated from data gathered
by systematic surveys, are 1) or maore times higher
than the rates presented in this paper. Most of the
life-threatening  complications  (vaccinia  necrosum,
encephalitis and severe eczema vaceinatum) oceur-
ring in the 10 states, on the other hand, were de-
tected by the national surveillanee program. A small
number of unusual complications, including a case
of Tetal infection with vaceinin, were not detected
by the national surveillanee technics,

The incidence rtes calenlated for “gencralized
vaeeinia” are diffienlt to interpret. Many of the pa-
tients given this diagnostic label had rshes that
were not elinieally well defined. Some simply had
maculopapular rashes.  Other  putients  were not
clasely followed, so that the evolution and nature of
their rashes are not clear, A variety of classifications
of rashes oceurring after vaceination have heen pro-
posed. ™1 We have preferred to eall all such rashes
except ervthema multiforme “generalized viweeinin,”
It should be understood that “generalized vaccinia™
is a heterogeneous group.

Smallpox vaceination causes production of both
specific antibodies and cellular or delayed-hyper-
sensitivity phenomena. Vaceinia necrosum results
when the immunologic mechanisms fuil, generally
heeanse some underlying disease or condition im-
pairs the prodiiction or function of immunaologically
competent lymphoevtes.'®% The presence of these
underlying abnormalities  outweighs the immunity
that may persist from previous vaceinations. In this
respect vaceinia necrosnm differs from other wacei-
pation complications in its potentinl for developing
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in those given revaccination as well as those receiv-
ing primary vaccination. Immunologic  disorders,
reticuloendothelinl neoplasms and so forth are con-
traindications to vaceination regardless of the pa-
tient's vaccination history.

This study was not a controlled trial, and only
guarded conclusions <hould be drawn about the
effency of the various treatments of vaccination
complications. Vaccinia necrosum Wik universally
fatal before the introduction of VIG and thiosemi-
carbazone treatment.” These agents mmst be consid-
ered of real thempeutic benefit for that entity. The
case fatality ratio for untreated cezema vaceinatum
has heen reported as 6 to BO per cent. ! Fifteen of
the 114 patients with eczemn viecinatum in this
series were severely ill, requiring weeks of hospital-
ization, eareful flnid and clectrolyte munagement
and oceasionally even skin grafts, VIG and thiosemi-
carbizone must have real Lenefit for cezema vae-
cinatum since only one patient died, and she did
nol receive thinsemicarbazone.

Many of the patients with accidental implanta-
tions on the eve were treated with idoxuridine as
well as VI, Tdoxuridine inactivates vaceinin virs
in vitrou”? Studies of the effectiveness of idoxnridine
in vaceininl nleers of mbhit comeas are inconclu-
sive, although in rabhits treated solely with immune
wlabulin more corneal searring may develop than in
those given idoxuridine' Although no conclusions
an Le made about the effieacy of idoxuridine in
vaeeinial conjunctivitis in this series, many physi-
ciuns are presently using it.

Eezema vieeinatum in this series as well as in
others™ appears ta he more severe when it oceurs
in contacts than in persons who are vaeeinated. Pa-

Hents with severe eczema are usually not vaceinated
and  therefore acquire vaceinia only through con-
taet, Contaet may result in simultancons multiple
inoenlations at several sites, causing more severe
illness than vaceination, The presence of eczema in
household contacts is an established contraindien-
tion (o vaccination, but some health workers appar-
ently do not take sulficiently cureful fumily histories
to reduce the incidence of contact eczemna vaeeini-
tum. The oceurrence of several well documented
enses of eczema vaccinatum in patients with eczema
in remission at the time ol vaccination sugurests that
a history of cezema should be a contraindication to

smallpox vaecination.

Rigid observation of the aceepted contraindica-
tions to vaccination might have prevented some ol
these complications, Theoretieally, all eases of ecze-
mit vaecinatum are preventable, Some proportion of
complications ocenrring in children vaceinated be-
fore the first birthday might be avoided if vaceination
were deferred until the second year of life. Vaceinin
necrosum can be avoided if the underlying disense
is detected hefore vaceination. When all eases of
eczema vaccinatum, all complications oceurring in
infants and the preventable cases of vaceinia necro-
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sum are excluded, 377 cases and four deaths remain
of the tatal of 572 eases and nine deaths. Further
reduction in moarbidity and mortality could presuma-
bly only be accomplished by reduction in the num-
her of infant and childhood vaccinations performed.

This study reaffirms the fact that the morbidity
and mortality nssociated with smallpox vaccination
in the United States are considerable, The last cases
of documented smallpox in the United States oc-
curred in the importation epidemics in Seattle
(1946), New York (1947) and Texas (1949). There
have been 723 cases with 111 deaths in Europe
since 1950, resulting from outbreaks that followed
importations.” The United States may have had
more than 111 deaths attributable to vaceination
during this period. The vaccination policies in the
United States should be re-eviluated, considering
the risks of the present policy, the risks of importa-
tion and spread of smallpox and the risks of alterna-

tive vaceination policies.

We are indebied 10 the American Red Cross, the Red
Gross Vaceinia Immune Globulin Consultants and the Medi-
el Dircetors of the Red Gross Regional Blood Centers for
help in ideniilying patients and their physicians and 10 Mrs,
Shirley Davis for diligent assistance in case investigations and
preparation of the manuscript.

REFERENCES

. Neff JM. Lane JM. Pert JH, ¢t al: Complications of smallpox
vaceination, 1. National survey in the United States, 1963, New
Eng J Med 276:125-132, 1967

Neff JM. Levine RH, Lane JM. et al: Complicatians of smallpox

vaccination. United States 1963, 11. Resulis ohtnined by four

statewide surveys, Pediatrics 19:916.923, 1967

. lLane JM. Ruben FL, Neff JM, et al: Complications of smallpox
vaccination, 1968, 11, Results of ten stutewide direct surveys.
Unpublished data.

. National Communicable Disease Center. Recommendation of the
Public Health Service Advisory Committee on Immunizalion
Practices; smallpoa vaccine. Morbidity and Morality Weekly
Report Vol 15, No 47, November 26, 1966, pp 404.412

. American Academy of Pediatrics. Repon of the Commitiee on the

Control of Infectious Disenses. Filteenth edition. Evanston, K-

nois. The Academy. 1966

National Communicable Disease Center. United States Immunizn-

tion Survey. Atlantn, Georgia, United States Public Health Serv-
ice. December, 1968, p 24
. Wagner RR: Smallpox, vaccinin, and cowpox. Principles of [nter-
nnl Medicine, Edited hy TA Hurrison, RD Adams, IL Bennett Jr.
et ul, New York, McCimw-Hill Rouk Company. 1966, pp 1732-
1735
8. de Vries E: Postvaccininl Perivenous Encephalitis,. Amsterdam,
Elsevier Publishing Company, 1959

9. Spillane JD, Wells CEC: The neurology of Jennerian vaccination:
a clinical account of the neurological complications which oc-
curred during the smullpox epidemic in South Whales in 1962,
Brain 87:1-44, 1964

10, Waddington EP, Bray PT. Evans AD, et al: Cutnneous complica-
lions of muss vaccinntion aguinst smallpox in South Wales, 1962,
Truns St John Hosp Derm Soc §0:22-42, 1964

11. Smallpox eradication: report of & WHO scientific group. WHO
Techn Rep Ser 393:1-52, 1968

12, Fulginiti VA, Kempe CH, Hathaway WE. et nl: Progressive vaccinin

in immunologically deficient individunls, Immunologic Deficiency

Disenses in Man (Birth Defects Original Article Series, Vol 4, No 1),

Edited by D Bergsma. New York, The National Foundation, 1968,

pp 129-145

13. Hansson 1, Johansson SGO. Vahlquist B: Vaccinin gungrenosa

with normal humoral enlibodies: n case possibly due to deficient

cellular immunity treated with N-methylisatin B-thiosemicarbazone

{compound 33T57, Marbomn). Acta Pediat Scand 55:264-272,

1966

~

P

-~

-

E

~3




1208

14, Kempe CH: Studies on smallpox and complications of smallpox
vnccination. Pedintrics 26:176-189, 1960
15, Copeman PWM, Wallace HJ: Eczema vaccinntum, Brit Med J 2:

906-908, 1964
16, Dixon CW: Smallpox. London, } & A Churchill Lid, 1962, p 153

THE, NEW ENGLAND JOURNAL OF MEDICINE

Nov, 27, 1969

17. Fulginiti VA, Winograd LA, Jackson M, et al: Therapy of experi-,
mental vaccinal kerntitia: effect of idoxuridine and VIG. Ar:il_ﬂ‘

Opthal (Chicngo) 74:539-544, 1965
I8, Mack TM: Importntion epidemics of smallpox. Unpublished
datn

PLATELET TRANSFUSION THERAPY*

The Selection of Compatible Platelet Donors for Refractory Patients by
Lymphocyte HL-A Typing
R. A. Yankeg, M.D., F. C. Grumer, M.D., axp G, N. RoGENTINE, M.D.

Abstract Five patients with bone-marrow aplasia
had become refractory to platelet transfusions from
random donors. The response to platelets from
available family members of each of the patients
was then studied. Three patients had excellent re-
sponses to platelets from a single sibling, and two
each responded to platelets from two siblings. The
lymphocytes of ine donors and recipients were
typed for HL-A antigens by the lymphocyte cytotox-
icity test. Genotypic analysis of the phenotypes re-
vealed that the excellent responses occurred with

LATELET transfusions have  significantly  re-

dueed the risk of thromboeytopenic hemorrhage
in patients with leukemin and aplastic anemia."™
Prolonged trausfusion support, however, frequently
results in the development of resistanee to infused
platelets, This is manifested clinically by transfu-
sion reactions, shortened platelet survivals and fail-
ure to maintain hemostasis effectively.” Alloantibod-
ies direeted mgminst specific platelet antigens have
been  demonstrated by complement-fixation  and
other teehnies® Although platelet typing has been
nsed on oceasion to seleet compatible platelet do-
nors for infunts with isoimmune neonatal purpura,
these technies have not heen satisfictory in the
selection of donars for patients who have become
refractory to platelets after multiple platelet or
whole-hlood transfusions.**

In recent vears the Ivmphaoceyte has hecome a
primary target cell for charncterizing the major anti-
genie svstem, designated HL-A, involved in tissue
histocompatibility," Several of the recognized HL-A
antigens, as well as other antigens found on lympho-
evtes, are also known to be present on platelets.'"
While evaluating one of our patients who was refrae-
tory to platelets from unrelated (random) donors, we
noted that platelets from her two brothers gave an
exceptional response. Lymphoeyte typing was per-
formed on ench member of this family with anti-
serums detecting HL-A antigens. The HE-A genotypes
of the patient and her two brothers were found to be
identical. Subsequent study of four other families
disclosed a similar correlation hetween response to

*From the Medicine nnd Immunology branches, National Cancer
Institute, National Institutes of Health (address reprint requests to Dr.
Yankee at the Nationnl Cuncer Institute, Bidg. 10, Room 2B51, Be-
thesdn, Md. 20014).

platelets from HL-A identical siblings.

The patient's serums exhibited no lymphocyte
cytotoxicity against the respective seven HL-A iden-
tical siblings whereas cytotoxicity was demonstrated
to nine of 11 HL-A nonidentical family members.
Three patients have received 8 units of platelets per
week for 11, 15, and 24 months from HL-A identical
siblings without the cevelopment of cytotoxic anti-

bodies.
HL-A lymphocyte typing of family members can
be used to predict platelet compatibilily.

platelets and HL-A genotype of donor and recipient
lymphocytes,

The pumpose of this paper is to demonstrate the
usefulness of HL-A lymphoeyte typing as a practical
method for selecting compatible platelet donors for
patients who are refractory to platelets.

PATIENT SELECTION

Five patients with bone-marrow uplasin - were
studied. In all of these the diagnosis had been es-
tablished for at least four months, and all had re-
ceived multiple blood transfusions. Signs of throm-
boevtopenie hemorrhage were present on admission,
and all patients were demonstrated to be refructory
o infused platelets obtained from  random  do-

nors, "

DONOR SELECTION AND PLATELET PREPARATION

Platelet concentrates from random donors and
family members were prepared by the acidification
technic of Chappell.” Random donor platelets were
obtained from individual 500-ml blood donations.t
Family-member platelets were obtained by plate-
letpheresist: each unit (U) consisted of platelets
separated from 500 ml of whole blood. All plasma
and red cells were returned to the donor belore
consecutive units were withdrwn. Each transfusion
consisted of the combined concentrates from 4 U of
cither random-donor or family-member  platelets
suspended in a total volume of approximately 100 to
200 ml of donor plasma.

Platelets from random donors were given to recip-
jents of the same ABO red-cell group. Platelets

tCentral Blood Service, Baltimore, Md.
t Plaamupheresis  Unit, National Cancer Imtitute, Bethesdn, Md.



