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he development of hepatitis
T following blood transfusion
is a long-standing and contin-

ing medical problem. The discovery
£ the Australia (An, HAA, SH) anti-
en- and early reports indicating a
}?;_correlat.ion with “serum- hepatitis”
gave rise to mew hope. that post-
vansfusion hepatitis could be pre-
vented.* The studies described here
were undertaken in a prospective
fashion to assess the role of Au in
posttransfusion-hepatitis. A positive

blood containing-Au and the develop-
ment. of hepatitis.in. the recipients

the study, and preliminary reports of
this finding have appeared.™* This ar-
ticle further documents the hazard of
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of Posttransfusion Hepatitis
‘The Role of Australia Aﬁtigen -

correlation between . transfusion of -

was suggested early in the course of.

Read as part of the 24th Gibson Lectureat the -

Transfusion of blood containing Australia antigen (Au) was followed by
development of hepatitis, Au antigenemia; or both in 52% of recipients.
Another 23% of Au recipients exhibited an immune response. However,
fransfusion of Au-negative blood was associated with-anticteric hepatitis.
in 16% and icteric hepatitis in 2% of the recipients: The typical Au’
recipient with-hepatitis was Au positive during the acute phase andhad a -
severe clinical iliness. In‘the recipient of Au-negative blood; hepatitis was
characterized by Au-negative tests int
.On the basis of these data, estimates©
problem of posttransfusion hepatitis suggest that Au accounts for
approximatety 25% of icteric cases. Twenty percent of patients who
developed Au antigenemia following transfusion became carriers of the. -
antigen. Patients who became Au carriers-tended to have mild or anicteric.
hepatifis, while those with severe, icteric attacks reverted to the Au- -
negative state. The frequency of Au antigen in commercial donor blood.
‘was 13-fold greater than in volunteer blood. - o

he acute phase and a mild iliness.

f the refation of Au to the overall ..~

transfusing Au-positive blood.in. a. -

more substantial number of patients.,-
In addition,. evidence' is- presented.
that posttransfusion hepatitis is not a
single entity, and the clini¢al charac-

teristics of Au-positive and Au-nega- -

tive posttransfusion. hepatitis are de-
scribed. These observations provide .
new perspective on the overall prob-
lem of posttransfusion-hepatitis'and ‘
the relative contribution.of Auw.. '

“Subjects and Methods '

The patients in -this study undér-

went transfusion at the Columbia-
Presbyterian Medical Center in New

York City from December.: 1968 to

January 1971, During this period all
donor blood entering the Blood Bank .

was-tested for Au. The recipients.of -

all Au-positive blood were identified
and followed up. A control group com-
posed of the recipient of every tenth
umnit of Au-negative blood was- fol-
lowed up in the same manner as the
Au-positive recipients. Contrary to
our preliminary report:on the early
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phasesof this study,’ there was no
difference ini age, sex; race, or medical
diagnosis between- the "Au-positive
and Al-negative recipient groups de-
seribed here. The average number-of

transfusions. was 6.7 in the Au-posi- -

tive recipients. and 6.3 in'.the Au-
negative recipients.

~_The protocol for prospective follow

up consisted of observation of the re- .
cipients for signs. and symptoms of
hepatitis every one.to two weeks for a.

period of six-months following trans-
fusion. Serum glutamic - oxaloacetic

transaminase (SGOT) and Au levels -

were ,det'ermin-ed-: regardless’ -of

whether the patient was symptomat- -
ic. In most instances, patients were.

seen and tests done at the Columbia-
Presbyterian. Medical Center. Occa-
sionally, follow .up was accomplished
with the aid of outside physicians and
laboratories, with specimens sent to

this.laboratory for -Au testing. As a.
. measure of the efficiency of the fol-

low-up program, the average number

~of contacts per patient.was 10.9 in the

positive recipient group and-12.1 in
the negative recipient group out of 2
scheduled 12 visits per patient.over

the six month.period of observation.
. Hepatitis was defined in this study as
_an SGOT elevation of greater. than

100 international units' (IU) on- two

consecutive occasions. without other
evident cause. Icteric hepatitis:was-
characterized by clinically -detectahle -
jaundice and a serum bilirubin level.

i1 excess of 4 mg/100 ml.

In the midst of the study it-became
obvious that recipients of : Au-positive
‘blood - were manifesting hepatitis

with a much greater frequency than -

recipients of negative blood. This evi-

dence was so compelling that in 1970 .

transfusion of known positive units
was no longer permitted, although in
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. e . th nsitive CEP, H ]
Table 1.—Ohbservations in 283 Recipients of Au-Positive 831; te}lln(_)re sens d t'l(I) £ dA, and
or Au-Negative Blood Transfusions /10 techniques and stk lound nega-

: tive. The majority of the 35 patients
Blood Infused - ’ with clear attacks of acute hepatitis
i Au Positive Au Negative were clinically jaundiced, and this
g:*rsif:;r'sﬁ to follow up 22 _ ;‘t will be described further below. In ad-
Hepatitis and Au antigen 211 2 (2%) dition, 19 (23%) of the recipients of
" Hepatitis only : 1; (52%) 17 (18%) Au-positive blood developed antibody

Au antigen 0 . L

Au antibody 19 (23%) 1 (1%) | to Au .Whlqh was ?ot detectablie in
well 21 {25%) . 74 {79%) pretransfusion specimens. Overall, 63
(75%) of the recipients exhibited a re-

sponse to the transfusion of Au either -
Table 2—Severity of Au-Positive and Au-Negative Hepatitis by the development of hepatitis anti-

—— — genemia or by an immune response.
U An . .

Data : Bositioa Negative Transfusion of Au-Negative Blood. -
Recipents 84 94 -Table 1 also shows the find-
ﬁg: ;Zgi';ePat-ms :g 1; ings in a COZ:ltl‘Ol group of ::ecipients
No. hospitatized 23 b of Au-negative blood. In this group,
Average maximum bilirubin level (mg/100-miy* 9.0 7 94 survivors were successfully fol-
Average maximum SGOT level (IUH T 1,159 414 lowed up for a minimum of 31x

; £§ 005 - _ months. Au-negative hepatitis was
: ' seen in 17 individuals (18%). Only two
of these patients were icteric. The re-

Table 3.—Au-Negative Recipients Alleged to Have Hepatitis mainder had mild, anicteric hepatitis. {
that could easily have been missed

Condition ’ . No. of Recipienis . .
— Definite hepatitis, Au-negative ‘ - 50 had the patient not been followed up
- Hepatitis with Au antigen - - N .17 . closely {see below). Both acute-phase
-, Other liver diseases . ... -~ . - : 26 serum samples from these 17 patients
Definitely not liver disease . -10 .
hS ENtR e A . . R and serum samples from their respec-

tive donor specimens were retested
> for Au by CEP, HAI and CF, but
emergency situations occasional units . dard reagents in the laboratories of  were uniformly antigen negative. It
slipped through before the Au testre-  Blumberg, Prince, and Holland. Ti- is significant that two cases of hepa-

sult was gvailable. - : - ters are expressed as the greatest di-  titis with Au antigenemia and one in-
Australia antigen was detected by “lution of the patient’s serum giving a = dividual who developed antibody to

the two-dimensional - immunodiffu- definite- positive. reaction, -and are . Au were seen in this group of pre;

. sion method (ID) in the initial phases -based.-on- the -ID techmque unless - sumably negative recipients. Retest-

of the study.® Subsequently, the more otherwase spec1ﬁed . ) _ing of the donors of the individual
gensitive and. rapid counterimmu- : -who developed antibody revealed that

. noelectrophoretic (CEF) method was . . a unit of blood containing a small
developed--in . this laboratory:-and.  Transfusion of Blood Containing -~ amount of -antigen had originally,
gradually - phased: into : the “routine: -Awu.—Table: 1. summarizes ~observa- been missed by ID. Retesting of thet
screening process.® The:effect-on'the  tions in 117 recipients of blood trans-  donors.of the two patients who devel:
study of this change in methods will fusions containing Au. A number of oped hepatitis with antigenemi

be discussed. Hemagglutination (HA) - .patients were lost to the study either - failed to disclose a missed positive by

- and-complement. fixation-techniques; because of death or inadequate follow  the more sensitive techniques.
(CF) were employed as more sensitive-:- up-~Of- 84 -survivors-who ‘were- ad- - Patterns of Au-Positive Hepamtts
methods . for retros’pective “exam- - -equately followed up, hepatltls with - and the Carrier State.—Figure 1 is:
-ination of selected specuneus :Hem-: "+Au antigenemia was seen in 21, hepa-. schematlc illustration of the course of
.agglutination ‘tests were: performed  titis without antigen in 14, and anti- a single patient who received a tran

by the method of Vyas-and Shulman’  genemia in nine.: In all, hepatitis, fusion of blood containing Au. It wi

and the purified Au antigen for sensi- :antigenemia or both occurred.in. 44 be noted that the antigen was ﬁrst;

- tization of erythrocytes was prepared .. (52%) of the 84 surviving recipienits of  detected in the.patient's serum I

"+~ by repeated density gradient:centri- ~ positive :blood. The 'nine patients -days after the transfusion and thet
. fugation. Complement : fixation :was - - listed as having only Au antigenemia .- ter rose rapidly while the patient r
‘carried;out by:a.standard.microtiter ... also:had .abnormal :liver--chemical mained. asymptomatic. Thirty-two?

- procedure employing.2 exact-units-of " values; but are eategorized separately <days following transfusion a defini
complement .and 4 to 8.units of anti~ _because they had other diseases which -elevation of SGOT level was note‘
body iwith: an :18-hour: fixation step.? : may.have-affected: the liver.: Acute- On the -42nd .day the patient pre
" ‘The specificity of standard serum con- . phase serum-samples from ‘14.pa-  sented with symptoms of hepatiti
. taining- Australia:antigen:and -anti- . " tients with hepatitis in whom Au was - and was clinically jaundiced. By th
:body -have been'compared with stan- ot detected by ID were also tested time the patient came to the physi

Results
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cian, the serum titer of Auhad begun
to decline and it disappeared coinci-
dent with the patient’s recovery from
“the olinical signs and symptoms of
- the iliness.
.. This pattern, in which the antigen
“titer peaks during the incubation pe-
‘riod, declines as the patient becomes

&
£
X

. recovery, was the most common
course observed in patients with Au-
‘positive . hepatitis following - blood
transfusion. The antigen was de-
- tected in one recipient as early as
“three days after transfusion (with
_documented absence before and the
* first. day after transfusion) and ap-
‘peared as late as 96 days in another,
but in most cases Au was first found
between one and four weeks after
transfusion. Au was shown to be pres-
ent from 5 to 85 days before appear-
ance of laboratory abnormalities, but
once enzyme changes appeared, the
ohset of clinical symptoms and signs
usually followed within 7 to 14 days.
In general, the antigen titer declined
and disappeared slightly in advance
of the resolution of other signs and
symptoms, and in some the antigen
. -was undetectable by the time the pa-
tient. was admitted to the hospital.
Thus, the chance of detecting Au was
best early in the course of the illness.

. Figure.2 illustrates a pattern of
" disease seen in patients who became
carriers of Au. It will be noted that
"this patient had only mild SGOT ele-
_vations following the positive trans-
fusion and never had jaundice or
symptoms of hepatitis. However, Au
was detected in the serum 28 days fol-
“Jowing the positive transfusion and
. rose rapidly to high titers. The anti-

 gen has persisted in the patient’s se-
_yum for more then two years without
physical signs or symptoms of hepa-
titis at any time. Six of the 30 pa-
tients who developed Australia anti-
genemia following a positive blood
transfusion progressed to a carrier
state in from 17 to 29 months. Four of
%. the six individuals who became car-
“riers had an anicteric course similar
to that illustrated in Fig 2, and the
others. had mild episodes of icteric
hepatitis.. None of the carriers were
" receiving renal dialysis or had appar-
ent deficiencies of immune mecha-
nisros. .

Comparison of Au-Positive and Au-
Negative Hepatitis.—Table 2 com-
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Tabie 4.—Prevalence and Source of
_Au-Positive Donor Blood® .

asymptomatic, and disappears with .

.group was 45 days v(r.an‘ge, 27 to 94).

. the,patient5_>with Au-negative hepa- - .- t
‘titis in the positive recipient. group - ¢
1

Data 1969 1970
Units tested . 15,932 17,058
Percent commercial =t 74.° 1 58
Au-Positive units R :
Commercial 59 81 "
Volunteer. -~ . F RN b
‘Frequency. of antigen . whom ey
. Commercial 1783 12l
Volunteer T .0 s 1/BB7 7.
xCommercial _ signifies ‘blaod: purchased .

from . commercial _blood " suppliers;
teer blood "was cbtained. from patients’ fam-

pares the severity of the'cfinicﬁl in--

ness seen in the Au-positive’and Au-

negative recipient groups: In tHe .84
patients who were Au-positive reeipi-
ents, 35-cases of hepatitis-occurred. -
Twenty-eight of these 35 were jcteric,”
ie, had visible jaundice and a serum’
bilirubin level greater than 4 mg/100 -

ml.- Twenty-three patients were.sick

enough to be hospitalized, Irr contrast, -
of the 17 cases of hepatitis in the Au-

negative recipient group only “two .- =
- followed. Thus, the large group of pa- .
¢ tients who weré'not prospectively fol- -

were jaundiced and-only one was hos-
pitalized. In-addition; the “average
maximum serum bilirubin concentra-

tion was 9.0 mg/100 ml in those with .,
Au-positive hepatitis-and 1.7.mg/100-,
ml in those with Au-negative:hepa- "
titis. The average maximum 3GOT -
level was 1,159 IU-in the Au-positive

patients and 414 IU in the Au-nega-

tive patients, These chemical differ- :
ences are significant at the 0.005 and ;-
0.025 levels, respectively.*-One death
" “hepatitis had-no liver disease at all.

oceurred in an Au-positive recipient.
Thus,. the iliness seen in Au-positive

recipients was _clearly more severe:
with a. higher incidence: of - jaundice -~

and hospitalization than in‘Au—neg’a-
tive recipients. -
The incubation periods seen in Au-

_positive and. Au-negative patients

varied greatly. For-the purposes of
this study the incubation period was
considered to be the time from trans-
fusion to the detection of the first

abnormal SGOT value. Clinical symp-

toms were already present or oc-
curred within a few days following
the first SGOT abnormality in most
patients, -but the onset of symptoms

was more variable and difficult to .

document; Expressed in this way, the
average incubation ' period in:the 21

recipients with Au-positive hepatitis
“. titis during the acute phase was of

was 63 days (range, 30 to 150). In con-
trast, the average ineubation period

-volun-;

., staff, or volunteer .cemmunity . blood -

: tested for- Aujrand:all 2
Au-positive units were identifiéd and -

“ings in these patients were reviewed,
.it was concluded that ten of the 103

- ease, or-some other explanation .was ..
“found ‘for’ théir-jaindice or_ enzyme, .

" tients had good clinical evidence of
- or metastatic carcinoma. Thus, about

“hepatitis - on
‘Nevertheless, a significant number of

in the 17 patients with Au-hek;ative
hepatitis in the Au-negative recipient

The possibility was:.considered that

actually had the:Au-negative type of
disease. - However,' the -mean - in-
.cubation- period in these 14 patients

_ was 66 days. While there may have
‘been. a tendency. for the Au-positive
_hepatitis to have a longer incubation
- period, these differences were not sta-

~tistically -significant. There was no . ;

. evidence that the dose of virus,; as re-. o

- flééted in the Au-titer of the-domor . - . %

umit, affected ‘the “incubation period, . -

- the severity,-or the antigen positivity

of the illness in these patients.: - -

. of our study, 6,274-patienté received
transfusions -in’ this hospital (cor-
rected for patients observed and for
. Qeaths). All units of donor blood were

nd all recipients of

lowed' up’ was tonsidered to be ‘com- -
posed- of - Au-negative . recipients.
Many of these patients did continue: .
under the .care of a_ physician.and " ’
some were- eventually - reportéd to
have developed posttran’sfusion'hepa-
titis (Table 3). When.the clinieal find-" -

patients said to have posttransfusion

Instead, hemolysis, pulmonary dis-".

elevations or both. In addition, 26 pa-

some‘ﬁver disease other-than viral
hepatitis, such as halothane hepatitis

one: third of the__’t_oﬁal group of pa-
tients who were alleged to have “'se-
‘rum hepatitis” did not really have
convincing evideneeof a viral form of
on - closer - examination.

patients did have what appeared to
be viral hepalitis on the basis of clini-
cal criteria. Seventeen were Au-posi- .
tive and 50 were Au-negative while !
acutely ill. i

The group with Au-positive hepa- g

special interest. It was possible to re-
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Fig 1.—Schema of commonly observed pattern in patients who develop
icteric hepatitis following transfusion of Australio antigen.

Fig 2.—Course of patzent who became cwrrzer of Australia emt@ge'n fnllowmg
Au—posztwe blood transfusion. This anic teric pattern was seen in
Jour of siz patzents who developed corrier state in this study
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trieve all of the donor units in 14 of
the 17 Au-negative recipients who de- I
veloped Au-positive hepatitis, and to
retest the specimens with the more- - !
sensitive CEP, HA, and CF tech-
niques. It was found that four pa-
tients had received Au-positive units
which were initially missed. Three of §
these four cases occurred early in the ;
study when the less sensitive gel dif- -
fusion method was in routine use. The
donor units of the other ten recipients
with Au-positive hepatitis were still
Au-negative when retested. Three of
the ten had received other blood prod-
ucts, such as fibrinogen and plasma,
which may have contained Au but
were not tested. The other seven re-
cipients with Au-positive hepatitis .-
could not be accounted for, other than-
to suggest that they received small
amounts of antigen which were unde=
tectable by the best current methods
or that hepatitis had been acquired.
from a source other than the blood
transfusion.
Prophylactic Bffect-of Normal Hu
man Globulin.—Many of the subject
of this study were given human se-
rum globulin for possible prophylaxi
of hepatitis on- the option of the-at
tending physician. The preparation
used. were the common commercially
available 16% sotutions of pooled nor
mal human globulin - prepared b
Cohn - fractionation. The dose em
ployed varied from 2 to 10 ml given &
the time of transfusion and usuall
repeated one month later. Fourted
(67%) of the 21 Au-positive recipients
who developed Au-positive hepatiti
received immune serum globulin, an
11 (53%) of the 21 Au-positive recipi
ents who remained well received im:
mune. serum globulin. Similarly,s
the Au-negative recipient group, teng
(59%) of those who developed hepa i
titis and- 25 (34%) ‘of those who:r
mained well had received immune se
rum globulin. Although the globuli
preparations given to these recipients
were not tested, other lots of norm
human globulin' did not contain:

the hemagglutination technique

Source and Prevalence of Au-P
tive Domnor Blood.—Table 4 -sum
rizes the prevalence and source o;
positive  units of ‘donor blood:
the two—year period of ‘this stu

NHBT0000118_020_0004



mercial origin. Fifty-nine units, all
from commercial sources, were found
to contain Au, for a frequency of 1/83
units. In 1970, more blood was used
(17,058 units), but the percentage of
commercial blood was reduced (58%).
Nevertheless, 92 Au-positive units
were still found, ineluding 11 from
. volunteer sources. Overall, the num-
ber of positive units was 13-fold
greater in commercial donor blood
- eompared to volunteer blood.

Comment

The high risk of hepatitis associ-
ated with the transfusion of blood
containing Au has now been con-
firmed in the substantial number of
« .recipients described here (Table 1).
" However, it is important to note that
- recipients of blood which did not con-
" tain detectable An also acquired
hepatitis. While the attack rate in
/.such Av-negative recipients was

strikingly less (18%) than in recipi-
ents of Au, it is significant that some
cases of hepatitis did occur. This sug-
gests that the agent associated with
Aun was not responsible for all cases of
- posttransfusion hepatitis, and that
more than one agent or virus may be
involved in causing the syndrome.
This idea is supported by the clinical
differences in the disease seen in the
Au-positive and Au-negative recipi-
ent groups. As shown in Table 1, the
hepatitis seen in recipients of Au-
positive blood tended to be Au-posi-
tive during the acute phase while the
disease in Au-negative recipients
tended to be Au-negative, even when
tested for antigen by the more sensi-
tive CF and HAT techniques. In addi-
tion, Au-positive hepatitis was more
severe than the hepatitis in Au-nega-
tive recipients (Table 2).

The incubation periods observed in
the two types of hepatitis were quite
variable and of no assistance in dis-
tinguishing the two groups. There ap-
peared to be a trend toward a longer
incubation period in patients with
Au-positive hepatitis (mean, 63 days)
as compared to patients with Au-
negative hepatitis (mean, 45 days).
However, there was so much overlap
in the range from patient to patient
that this difference in average in-
cubation time was not statistically
significant. Moreover, the Au-associ-
- ated form of hepatms which presum-
ably represents “homologous serum

JAMA, Feb 28, 1972 e Vol 219, No 9

Au - Positive Recipients
44/84 With Hepatitis +7or Au

F{eclplents at Rlsk

" Estimate of Hepatitis

Overall
DA
17x8274 = 1,135 Cases, Total
94
2x %‘%’i: 133‘Icterié Cases

Au= Negative Recipients

- Fig 8. —Estimation of number of cases of hepatitis in total Au-negative
recipient population, based on observed cases in prospectively

Sfollowed Au-negative group. Au-positive and du-negative recipients
Sollowed up in this study represented only small fraction of recipients
at risk from transfusion durmg same period.

17/94 With Hepatitis (2/94 fcteric) .

jaundice” or “long-incubation-type”
of hepatitis, was observed to have an
incubation period as short as 30 days
in one individual. Conversely, the Au-
negative hepatitis (short-incubation
type?) was observed to have an in-
cubation period as long as 94 days.
Thus, the incubation period was unre-
liable asa clinical feature to differ-
entiate between these two types of
hepatitis in the individual patient. It
should be noted that the Au titer of
the transfused blood had no apparent
relation to the severity, incubation
period, or antigen positivity of the ill-
ness which followed.

Figure 3 provides a perspective on
the overall problem of posttransfu-
sion hepatitis and the relative role of
Au. Note that the recipients of Au-
positive and Au-negative blood. who

were prospectively followed in this-

program constituted only a small
fraction of the total number of recipi-
ents who received transfusions in this

hospital during the same period of
time. Since all recipients of known
Au-positive transfusions - were in-
cluded in the study, the remaining
large group of patients not followed
up in the protocol were considered to
be Au-negative recipients. As illus-
trated in Fig 3, the frequency of
hepatitis in the total Au-negative re-
cipient population at risk can be esti-
mated from the observed cases in the
followed group. If this estimate is
based on all cases of hepatitis in the
Au-negative group—both icteric and
anicteric—the number expected in the
total population would be quite large
(1,185). However, it is probably. more
relevant to general clinical experi-
ence to consider only the icteric cases
of hepatitis observed in the Au-nega-
tive group. On this basis, it would be
calculated that approximately 133
cases of clinically recognizable hepa-
titis oceurred in the total recipient
population at risk (and, indeed, such

Posttransfusion Hepatitis—Gocke 1169
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cases did come to our attention; see
Table 2, and below). In comparison,
note that 44 patients at most ac-
quired hepatitis attributable to Au
(Table 1). Thus, Au-associated hepa-
titis represented approximately 25%
of the total number of cases of icteric
hepatitis which might have been ex-
pected following blood transfusion in
this study. These calculations admit-
tedly favor the Au-associated hepa-
titis somewhat because all possible
cases of Au-associated hepatitis were
incladed whereas only icteric cases of
non-Au-hepatitis were considered.
However, most Au-associated hepa-
titis was clinically icteric and severe
(Table 2), while most non-Au-associ-
ated disease was anicteric and pa-
tients were often totally asympto-
matic.. Thus, the estimate that Au
_accounts for about 25% of postirans-
fusion hepatitis has more meaning in

the context of the overall clinical

problem.

Appropriate care is indicated in ex-
trapolating this experience to hospi-
tals in other areas. Indeed, in popu-
lations where Au is less endemic than
in New York City, the role of Au in
posttransfusion hepatitis may be ap-
preciably less. Nevertheless, the
screening of donor blood for Au is
still a worthwhile endeavor and the
cases prevented would potentially be
of a more severe variety. The possible

. role of other agents in the causation
of posttransfusion hepatic damage is

_ of major importance and requires fur-
o ther study. . Serologic’ evidence of
; transfusion-associatedi: infection by

. established. that "such-infections- are
of - infectious’ hepatitis :-(*“short-in
-~ cubation” hepatitis): by ‘blood trans

“‘which cannot;be ‘documented at pres
ent. : faat _:

at

patients:who': manifested: Auant

_transfusion
‘produets . which = had " not.
! screened.'- However, the remaining
cytomegalovirus - and s Epstein-Barr . : seven' recipients with Au-associated
virus has been reported, but- it is not_ *heépatitis could not be explained in
' | this way. They may have received
' very small'amounts of antigen which
' was.undetectable even by our most

| sensitive present techniques. Our cur-

" responsible - for - hepatic ‘damage. %
Of course, transmission of the agent’

- fusion . isan Himportant - possibility

(It is' noteworthy:that six of the 30

" genemia s following jian ‘:Au-positive
blood transfusion went on to become -,
carriers of the antigen in excess of gix
" months after recovery.from the acute
iliness. - This 20%7 carrier . rate "was
.. somewhat surprising and is of signif- -
* jeance i -terms-of the epidemiology =
- of this disease; None of these carriers
had recognized immunologic defects, .

1170 . JAMA; Feb 28,1972 #.Vol 212, No'9

but their response to the infection
seemed to be different in that all had
a mild acute episode of hepatitis.
Again, the pathogenetic significance
of this apparently paradoxical obser-
vation is not clear at the present
time.

" Analysis of the cases of alleged
posttransfusion hepatitisin Au-nega-
tive recipients who were not followed
up which were reported to us during

_ the period of the study revealed that

at least one third of such alleged
cases did not really have viral hepa-
titis at all (Table 3). This finding sug-
gests that epidemiologic reports of
posttransfusion hepatitis may err in

" overestimating cases as well as the

generally recognized tendency of
such reports to underestimate. How-
ever, some recipients of Au-negative
blood in this unobserved group un-
questionably developed true viral
hepatitis, confirming the finding dis-
cussed above of hepatitis in the Au-
negative recipient population. Some
of the 17 cases of hepatitis which
were Au-positive during the acute
phase presumably represent units of
blood containing Au which escaped
detéction. This is supported by the re-
examination of donor specimens: for
these recipients. Hepatitis could be
accounted for in seven of 14 such pa~

- tients on the basis of a weakly posi-

tive unit which had initially been

_ missed by less-sensitive screening

methods “or possibly as the result of
of  Au-positive " blood
been

ent: experience with Au- detection
ystems suggests. that HAI-and CF
add-little to the efficiency of - donor’

_screening by CEP but this problem is
under: continuing:. study. - The possi-
bility ‘that some ;patients may- have
“acquired - Au-associated - hepatitis °
" from a'source_other than the- blood
" transfusions must also be considered.

Finally,: the  source ~and the fre-

is of considerable significance in the
epidemiology of this disease (Table 4).
‘In this experience, the frequency of

* - Ail in commercial or paid donor blood

qﬁency of donor blood containing Au’

was at least tenfoid greater than in
volunteer blood. If the estimate
above, that Au accounts for only
about 25% of posttransfusion hepa- 3
titis, is substantially correct, one ;
might anticipate a greater decline in
the rate of posttransfusion hepatitis
by transfusing only volunteer blood
than by screening donors for Au. Fur-
thermore, reduction in the frequency
of the non-Au-type of hepatitis might
also oceur with the exclusive use of
volunteer blood. Of course, it is not
possible to use only volunteer donors
at the present time in large urban
hospitals where the requirements for
blood greatly exceed the supply of
volunteers. It seems clear that resolu-
tion of the posttransfusion hepatitis
problem will require combined efforts
to improve the sensitivity of Au test-
ing and to find methods for detecting
other infectious agents in donor
blood, as well as to improve bloed col-
lection practices.

This investigation was supported in part by
Public Health Service research grant AI-U1889.

TFdward Bond, PhD, Electronucleonics, Inc.,
Bethesda, Md, prepared the purified Australia
antigen for sensitization of erythrocytes.

Neil B. Kavey, MD, and Harry B. Greenberg,
MD), participated in the elinical follow-up of pa-
tients and in the development of method. John
Gorman, MD, Director, Presbyterian Hospital
Blood Bank, permitted us to obtain specimens of
donor blood. -
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. false-negative results are common.*® A normal fish-
180} : . . insulin test will not exclude other causes of fasting _

’ ‘ hypoglycemia, and only a prolonged fast will defi- i
nitely do this. However, most of the other causes

1404 T of fasting hypoglycmemia in adults can be easily exclu-
L - ded by other means. Endocrine deficiencies of the
100k i pituitary or adrenal, and cirrhosis, are usually severe

and clinically apparent before hypoglycemia occurs.
3 The hypoglyczmia induced by the fish-insulin test
J provides a stimulation test for cortisol and growth-
- hormone secretion, with increased plasma levels at
the end of the test”. Hypoglycemia induced by
ethanol, sulphonylurea, or other drugs, may be sus-
pected from the history, and self-administration of
insulin usually induces circulating insulin antibodies.
) Sarcomas causing hypoglycemia are usually large, and -~ -
- can be detected by palpating the abdomen, or by a
chest X-ray. “Thus a normal fish-insulin suppression
test combined with clinical assessment and a few
simple tests exclude virtually all causes of fasting- -
_ hypoglycemia in adults. These tests can be performed
on outpatients, and are useful in situations in which
fasting hypoglycemia is a possible, but unprobable,'
© cause of curious attacks.

We thank Prof, P. B. Beeson for his support; the physi—-'
cians who kindly referred the patients; and Mrs C. Ponsford,
Mrs M. Phillips, and Mrs C. Uren for their assistance. Six
of the patients with insulinomas were reported in earlier studies .
performed with Dr N. W, Oakley, Dr. J. D. N, Nabarro, and
Miss P. C. Johzsson, This study was supposied by grants
from the British Diabetic Association and Peel Medical

Research Trust.
Requests_for reprints should be addressed 10 R. C. T.
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" PLASMA-INSULIR {ar ;’ﬁl?ls perml.)

‘Fig, 4—Five pnuents .with insulinomas in whnxn there was a ; REFERI!NCES .
temporary - rise  in.: pl a-insulin . lev i (response ; to : :
ﬁsh.l:nsuli];l.mducg hyoon o '}, Turner, R, C., Oakley, N. W., Nabarro, J. D. N. Matabolism, 1973,

P 22,11
See legend 1o 2. Turner, R. C., Johnson, P, C. Lancer, 1973, i, 1483,
3. Tumzr, R.C, Oakley, N. W., Nabarro, J. D. N. Br, med. ¥. 1971,

. i, 132,

w Ch C‘mﬁrmed the diagnosis’ in, the four- patients -, ‘al¥ino, 1., Eidus, R, P,, Maritz, G., Turner, R. C. deta end'ocr,
who had normal basal* glucose levels after.: <8I - . - Copenh. 1972, 70, 487 :
overnight fast. " “Although partial suppression of insu. " % Fains, S, 8. Exceipta med. int. Gorgr. S 1965, 172, §94.
. . Marks, V., Samols, S. ibid. p. 864.

lzn secretion,, in _response’ to: ‘hypoglycemia was seen . Turner, R. C. Hormone Meiab, Res. Gin the press).

‘in orme patients,’ the p}asma—msulm levels remamcd'

dJstmctly abnormal; in* all sthe’ panents stud1ed In " o
some, panents: here was'a paradomcal increase m msu—r o
lm ecrenon_durmg the test‘ ,.‘Thc causc of thxs s,

. RISK OF TRANSFUSING BLOOD
CONTAINING ANTIBODY TO HEPATITIS-B
SURFACE ANTIGEN

X utmg a threc-day fast has often' .‘"RICHARD D. AacH Harvey J. ALTER .
,beer_x. used’a d1agnost1c test  for msulmomas, and - ¥. Bramne HOLLINGER PaurL V. HOLLAND

is an nchrqc means of dcmonstraung lrnpan:ed sup- ¢ TERROLD J. LANDER : JosepH L. MELNICK
prcsséon 1of msulm ;ecr;:ﬂorlx. It 1s xllog s;ecxﬁc ;n:e;s . JouN M. WEILER

aised ¥ plasmac re "also_'demonstrate . .
raised i pa insulin- levels..a 2 mons Department of Medtcme, Washington University School

Exercxse dunng ithe . fast - help s" 40 mduce hypo- .. ‘of Medicine; Blood Bank Department, Clinical Center,
glycsexma, but{ﬁsh ‘insulin can produce a'mofe certain National Institutes of Healthy Depariment of Virology .
fall An plasm -ghucos over a shorter period. If :$pon- - and Epidemiology, Baylor College of Medicine; and Blood,
emia has been documcntcd a posi- Re:ources Branch, Division of Blood Diseases and

‘ . Resourcc:, Natwnal Heart and Lung Institute . -

: .'!\L’»

-- 362 blood-transfusmn rcc:pxcms, whose
s Summ_ary :

p sera were . initially negative for:
hcpatms—B antigen (HB,Ag), were prospectively:
followed " for ‘clinical and serological ~evidence.. of;
. ‘exposure to : hepatitis-B virus (H.8.v.) and for ..the
developmen: of hepatms unrelatcd to H.B.v. . Non
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of the donor units received by these patients con-
. rained detectable HB,Ag. Of the 362 wansfusion

only 4 of these 25 episodes were serologically.related
to H.B.v. Based on the absence of antibody to HB,Ag
. (anti-HB,) prior to transfusion, 278 of the'patients
- were considered susceptible to H.B.v. infecdon. - Of.
these susceptible patients, 133 received at least one
unit -of blood containing and-HB,; when compared
with the 145 who did not receive anti-HB,, there was
no significant difference in biochemical or overt hepa-
titis B(3/133vs. 1/ 145),m serological response to H.B.V.
(5/133 vs. 5/145), or in hepatitis unrelated to H.B.V.
: (11/133 vs. 6/145). It is concludéd that blood con-
taining detectable anti-HB, carries no increased risk

lacks this antxbody

Introducuon

has "been markedly reduced by the adoption. of
. universal testing of donor bloods for hepatitis-B anti-
gen (HB,Ag) and-by decreased urilisaon of com-
_mercial blood! However, despite thie exclusion of
HB,Ag-positive blood donors, some HB Ag»posxuvc
post-transfusion  hepatitis continues - to = occur.l™

- or-other spemﬁc anugens associated with hepatitis-B
virus (H.B.V) in quantities below the threshold of
cutrent detection methods.® HB,Ag could also
to and therefore masked by antibédy to it (anti-HB,):

. infectious.’ In addition, since the presence of anti-

HB, indicates past exposure to the hepauus-B virus,

. a reason for donor exclusion- as is the ‘currently

hepatits. o2
Despite these theoretical consxderauons, blood

~-studies performed to date have failed to demonstrate
an increased infectivity of such antibody-containing

because the number of individuals followed has been
:small or because the studies have lacked serological
data to assess susceptibility to HB.v.** Furthermore,

reduce blood availability, since 5-20% of volunteer

techniques!® We have combined data from three
prospective studies of post-transfusion hepatitis in
order to determine more clearly if donor bloed con-
taining anti-HB, carries a significantly greater risk of
transmitting hepatitis B than blood which lacks this
antibody.

. Patients and Methods
Design of Studies
Studies were performed in three medical centres: the
Washington University Medical Center in St. Louis, the
Baylor College of Medicine-Ben Taub General Hospital
in Houston, and the National Institutes of Health Clinical

recipients, 23 {6 %) developed 25 episodes of hepatitis; -

sample of * general-surgery patients who received .blood-

“in table 1/,
*antibody,: and recipients were fol!oWed ‘at least, every’ two -
weeks - for' three months ‘and, every month’ thereafter. for

. of transmitting hepatitis B comparad with blood wh.lch :

“

- THE risk of developing post—txansfusmn hepautw

This .could be due to the administration of HB,Ag '

escape detection  if that anugen were complexed’

In the latter ‘instance, one might -detect. only '

_ circulating and-HB, in blood ‘that is potentially : . hepaﬁtxs-B antlgen Anamnestic fFesponse. wis a “fourfold

-or greater rise of ‘anti-HBg occurrmg “within' fourteen days -

the finding of this antbody might be just_as wvalid
. in a: patient’ who .did - not. develop < enzyme elevations
accepted exclusion based upon ‘a l'ustory of clxmcal

containing antl-HB is still transfused and the’ few,v;,_’v

. countcrelectrnphorcsls 181, prior-. to,. transfusion.

blood; the issue, however, is not totally resolved - @ transfusion, storéd.sera “from these - donors , were . retested

. N P 20
the exclusion of donors with anti-HB, would severely phase radmxmmunoassay (Ausna) (At the Clinical Center

donors have anti-HB, detectable by present; sensitive.

" by PH.A.- Baylor screened for antibody, by PH.A, and

previously . been : described 14 Patients were -assessed ;at
the . Washington®. Umversxty and the Ben '’ Taub General
Hosp1ta1 beginning * August,” 1971, and “at” the': Clinical -
Center Blood Bank begmnmg February, 1970 Al patients’
succcssfully completed a’ six-month follow-up by Novem- ’
ber,” 1973, :
The - Washington: Uhivessity - study “and the’ Chmcal
Center Blood Bank study followed cardiovascular-surgery.
patients, while the Baylor:study followed .a randomised

transfusions: at_ Ben' Taub, General .Hospital. ; .The three-
studies are very compatable mn desmgn and are summansed y
-All donor units 'were. tested for; antigen and - -

three: . months, >+ Washington :: Un1vers1ty ‘patients’ were -
followed every: two-weeks' for six ‘months. *Patients were
egcluded if they received transfusions.on ‘more than one =
occasion” or if they.received blood dernratwes other than
plasma, red cells, o Whole blood. = .

- Hepatitis was dlagnosed when, ‘between two and twenty-"
six weeks following transfusion, elanine’ aminotransferase .
*(5.G6.F.T.) *and/or : aspartate ‘aminotransferise | (.6.0.T.) <
rose to at~least Zv,umcs the upper -limit of normal on2
‘successive’ occasions - at :least 8. week .apart, .and;when . .
there ‘'was 'no other “obvious -explanation’ for the enzyme = -
elevauon.., Icterus was defined as a bilirtbin greater than
2 .mg.-per; 100 ml: . Hepatitis B ‘was diagnosed when,
during an episode of hepatitis, HBsAg was detected, and/. ~
or-the patxent developed antibody, seroconversion.:: Sero--".
conver.rttm was “the; dc—novo appearancc, and persistence,’
“one-or; moredays, after. transfusion .
patxent havm o pre-existing : ‘antibody . to * “the .

following: transfusmn in a' patient with pre-existing anti~
body ‘Serological response only was defined as serocon-
versmn, of anamnesnc response, or development of HBsAg .

indicative of hepatitis.” Expomre was measured by develop- .
ment of hepatins B and/or serologmal response ‘to H.B.V,

Techmque

VAL donors in* this, study were itested ' for HBsAg‘by K

by radmunmu.noassay -At \Washmgton “University and at_:'
Baylor subsequent . testing ., was, ; -performed. by ‘.double-
antibody radicimmunoassay- (R.ILA-D:A) ¥ and by solid-

maost specm]ens, but-not ~ all; “were -retested : by -Ausria.

. Patients who Were . HBsAg-posmve prior to transfusion = -
“sor who received blood containing HBsAg were cxcludcd
, from analysis in this* report, Sl

Anti-HBs was measured: by RIL ACDA BT and. by
passive hzmagglutination (pH.A.)2 These methods have
recently been compared.® Washmgton University lmually
tested for anti-HBs by R.LA.“D.A. and confirmed positives

confirmed positives by-R.LA-D.A. Thé Clinical Center
Blood Bank tested for antibody by R.LA.-D.A. mmally in
the study and by p.H.A. later.

Statistical analysis was performed by Dr Marlan Fisher
of the Biometrics Research Branch, National Heart and
Lung Institute, using Fisher’s exact “test, two tails.
Statistical - significance in this study is defined as a P
value of 0-05. or less. .
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Results ’  We first analysed the entire recipient population
362 patients whose pre-transfusion sera were all (362 ‘patients) in order’ to compare the clinical and
initially HB,Ag-negative were followed for six months serological outcome in those who received antibody-
, after transfusion. Sera from all of their donors were containing blood with those who did. not (table 1n).
tested for HBAS and anti-HB,. Table 1 shows the There was no significant difference in measured H.B.V.
number of patients and the average number of units exposure (6/172 vs. 5/190) not in hepatitis unrelated
to HB.V, (13/172 vs. 8/190). Patients were then ana-

received per patient at each participating cenire. The

proportion of donors with antibody ranged from 94, lyse_d separa.tely according to whether or not they had
apti-HB, prior to transfusion. 278 recipients did not

at the Clinical Center to 159 at Ben Taub, whereas or !
the - proportion of recipients with pre-transfusion have pre-existing anti-HB,; 145 of these recipients
antibody ranged from 10% 1t0.29%. - recel'ved only blood wh.ich lacked anti-HB, while 133
Table 11 provides- the clinical ‘and serological re- received at least one unit of blood containing anti-HB,.
sponse to blood-transfusion. .in  the 362 blood When these groups were compar ed there was again no }
recipicnts.  Among- these patients, 25 episodes of significant  difference 10 m.e:asurcd H.B.V. exposure 5
hepatitis occurred, 4 of which were ascribed to type-B (5/145 vs. 5/133), in hepatitis B (1/145 vs. 3/133),
hepatitis. 2 patients had two distinct episodes of or in hepattis unrelated 1o H.B.V. (6/145 vs. 11/133).
hepatitis—a - short-incubation, “non-type-B, anicteric 84 patients had antbody 10 HB,Ag at the time of
illness, and a subsequent long-incubation, HB,Ag- transfusion. 4 of these patients developed hepatitis,
positive, icteric iliness. 7 additional patients bad a but none was serologically related to H.B.Y. An
serological response to HB.V. without biochemical anampestic serological response to H.B-V. was observed
evidence of hepatitis; 1 developed HB,Ag alone, 5 in only 1 of the recipients with pre-existing anti-HBg
had seroconversion, and 1 had an anamnestic response. that patient received blood containing anti-HB;.
.. All 4 cases of - HB,Ag-positive hepatitis - were icteric Among the 362 recipients in this study there were
" compared with only 5 of 21.pon-B hepatitis cases. 21 episodes of hepatitis in which neither HB,Ag nor
There were no fatalities. attributable: tohepatitis in  ant-HB, could be demonstrated. These noan-type-B
any of the patients followed. " B R cases showed no significant association with the
R SRSy . presence oryabsence of pre-existng anti-HB, in the
TABLE 1—;—CHARAGTERISATION'OF DONORS AND PAT_IENTS IN EACH Iecipient or Wif.h the prcsence or, absence Of anti—H:Bs .

g

STUDY CENTRE (ALL DONOR UNITS WERE, NEGATIVE FOR HB:Ag* ;
N WERE TESTED FOR ANTI-HBe) I T o _ in donor blood. .
- - T T 35 additional susceptible patients were followed by -
J T LML Average ezl vi i Recipients .. the Clinical Center Blood Bank. They were not in- :
o, of | “Lo. of 1]+ Com= Donots | 40 3B N N . n X
vecipients| " orar © | mercial “angi- | positive... - clided in-the preceding analysis because greater than = 7
followed | units. | Blood ; 'I'Jtl,'g;ve “Foetare . -90%, but not all, of their donor sera were tested for "
e |t O | P ion st ere 1 >
RN —— - All donors were tested for HB,Ag and were found |

‘to be negative. Fach of these 35 patients received at<
least one unit of blood containing anti-HB,. A nega- .- -
~ tive control group for these patients cannot be pre-
- sented because of the uncerigin antibody status of - .-
untested donors. None the less, among these 35 addiz~""%
 tional recipients of blood containing anti-FIBy npone: -
*.developed type-B- hepatitis or serological respanse 10
HB.V.; 2 developed hepatitis untelated to HBV. 0T

P General
- Hospital '
- . Clinical Center-,
-+ Blood Bank |
——
* All donor -units weré tested by Eount;relecirophorejis prior to trans-
“#{: fusionj subsequently at Washington University and at Baylor all
“units, and ac the Clinical Center} most: units, , were retested by
' radicimmunocassay. . .. . ° el e e
t 159% of the blood was 0 tained from & commercial blood-bank service
- 4" hut only one-fourth of these donors were paid.” 7 -

- Discussion S
Seeff et al* in a preliminary report of a st dy-of -
over 2000 blood recipients, found that the risk of-

3

LOGICAL RESPONSE OF RECIPIE‘NTS TO BLOOD WHICH CONTAINED OR LACKED ANTI-HBs

TABLE 1I—CLINICAL AND SERO:

A - ‘ Confirmed exposurc to H.B.V. -

el T e e Total

o of L . No. of . cases '.J»To'tal Serological Towl Total

rec'u;ient.s :w pfent; of hepatids-B response only hepastitis-B
e - . cases® exposuge

L ¢ At
33t

 Nombers in parentheses indicate sumbers of total cises which were fcteric.. - .-
2 episodes of hepatitis weze diagnosed in gach of 2 patients; the first episcde in each patient was non-type-B and the secon

[

d was type-B hep'ag:mq

"
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receiving at least one unit of blood containing anti-
; HB, (1-4%) was not significantly greater "than “the
risk after receiving blood without detectable antigen

less hepatitis than a third group rcc::iving blood which
contained only HB,Ag (13-7%)."

Goldfield et al* prospectively studied 29 rec:pxents
of anti-HB-containing, HB,Ag-negative - blood? and
103 controls who received blood with neither anti-HB, .
nor HB,Ag; recipients of anubody—contammg blood
did not demonstrate an increased fréquency of post--
transfusion hepatitis. . Gocke and Panick? compared -
37 recipients of anti-HB,-containing” blood with 136
recipients of anti-HB,-negative blood, ‘and concluded
that anubody-contaxmng blood carried no incréased
risk of transmitting hepatitis B. In all three studies,
the pre-transfusion antibody status of the- rempmnts
".was not stated and therefore their presumed suscepti-
. bility to H.B.v. was unknown. In addition, the post--
transfusion serological response of*the panents was "
not given and thus the ability of anti-HB,-containing -
blood to elicit an HB,Ag response-without hepatitis:
or to cause seroconvcrsxon without dlsease couid not
“be ascertained. : s

‘The present study provides data not only onthe -
" development of hepatitis, but also on the development
of serological response to H.B.V,, and pennit&analysis :

" was- initially susceptible'to H.B.V.-as: judged by the:
- presence of anti-HB, in the serum before transfusion. -
When the entire patient population was analysed,’
neither ‘the risk of hepatitis B nor. theé frequency of
serological exposure to H.B.v, was sighificantly greater
. in those transfused with anti-HB, than in.those who
did not receive antibody-containing blood, - A similar
lack of statistical association was observed when only
‘those patients. without pre-existing antibody (presum-
ably susceptible patients) or when-only patients wnth
_ pre-existing antibody were analyscd

No cases of bjochemical or’ overt hepatitis B
occurred among the 84 recipients. with pré-existing
“anti-HB, in contrast to the 4 cases which devclopcd
among thc 278 presumably susceptible rccxpxems.
Although these differences are not statistically sig-
nificant, they are consistent with prcvxous studiés #.2
. which - indicate that anicteric or icteric hepatitis B
in patients with pre-existing anti-HB, 1s extremely
unusual,

- The total hepatitis risk for pauents in this study
was 64%. Only 1-1% of recipients developed
hepatitis B; hence only 16% of the total hepatitis was
related to H.B.V. As expected, there was no relation-
ship between the frequency of non-type-B hepatitis
and the presence of anii-HB, in either the donor or
the recipient prior to transfusion.

We conclude from our data and other studies that
the risk of exposure to hepatitis~B virus or of develop-
ment of HB,Ag-positive hepatitis following trans-
fusion of anti-HB,-containing blood is not significantly
: greater than that observed following the transfusion
¥ of blood which lacks detectable anti-HB,. The data
do not support exclusion of donot blood con:a;mng
anti-HB,.

This work was supported in part by contracts NIH-NHLL

developing overt or biochemical - hiepatitis: B - after -

" or antibody (06%); both -groups had- significantly =

of these data in terms of whether or not the recipient -

-10 Szmuness, W., Prince, A, M., Brounan, B., H

. ngl. 5, 2
12. Gocke, D, J.; Panick, J. M. {n Hepatitis end Blood Transfusmn

_ate peak in the ‘summer, which was entirely attribut-

Chervitz, . Mrs " Loma"Coday, Mirs? Susan
McAdam, Mrs“Shirley Snowe, Ms Karen Landry, :
Freeman, s Dr«Mamn Fxshcr, ‘and Dr . Robert Purc:el.l for.
technical assistance. : i
: - Requests - for. rcpnnts should be addressed to i
Bm]dmg 31, Room 5A-11, Blood Resources' Branch, Dlvxsmn' b
of Blood Diseases and Resources, National* Hea:t and” Lung Sa
Insmu:e, Bcthesda,/Maryland 20014 U.S.A. TR
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._SEASONAL OCCURRENCE OF COMPLEX
VENTRICULAR SEPTAL DEFECT

. KENNETH }' ROTHMAN' DONALD C TYLER

Departmmt of Epzdemwlogy, Harvard School’ of Public .
Health, and Department of Cardiology, Children’s’
Hosp:tal Medtcal Center, Boston, USA

Summary The seasona] occurrcncc of blrths of .
’. s children with ventricular septal defects -
(v.s. D) was examined for a series of 302 cases from

New England “The overall series shéwed’a moder-

able to a strong tendency for complex V.5.D. to occur
in summer, Complex v.s.p. occurred 44 times more
frequently in urban counties than rural counties, and
the seasonal trend was strongest in urban areas. The :
seasonal peak was not- associated with birth-weight,
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