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Abstract To evaluate the incidence of post-transfu-
sion hepatitis and factors influencing its occurrence,
the Transfusion-Transmitted Viruses Study prospec-
tively followed 1513 transfusion recipients from 1974
through 1979. The attack rate for non-A,non-B hepati-
tis was 10 per cent. The incidence of hepatitis was di-
rectly related 1o the alanine aminotransferase (ALT)
level in blood donors. In recipients of muitiple trans-
fusions of blood that had no donor-ALT level above 29
IU per liter the attack rale was 6 per cent or less; at

IN the mid to late 1950s it was recognized that
some donors whose blood was probably responsi-
ble for post-transfusion viral hepatitis had persistent
abnormal values in one or more tests for hepatic dys-
function.! In addition, certain donors who were asso-
ciated with an increased likelihood of transmitting
post-transfusion hepatitis had a high rate of these ab-
normalities.?”* Thus, it seemed plausible that screen-
ing donors for laboratory evidence of subclinical
hepatic damage could be useful in reducing the oc-
currence of hepatitis in transfusion recipients.*

The test initially favored was thymol turbidity be-
cause the proportion of positive results among impli-
cated donors was the highest.! However, studies eval.
uating its elficacy provided conflicting results,*? and
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higher donor-ALT levels the attack rate increased pro-
gressively, reaching 45 per cent in recipients of unils
with an ALT of 60 IU or greater. A similar relation was
observed among reciplents of single units of blood.
Moreaver, hepatitis developed in 10 of 11 recipients of
two units with an ALT level of 45 IU or greater. These
data indicate that screening blood for ALT levels
would reduce the incidence of non-A,non-B post-
transfusion hepatitis. (N Eng! J Med. 1981; 304:989-
94.) ’

routine application of the test would have required
blood banks to discard a substantial proportion of do-
nations. Furthermore, many technical aspects of the
procedure were difficult to standardize.?

The advent in 1955 of practical techniques for the
clinical measurement of scrum aspartate aminotrans-
ferase (AST) and alanine aminotransferase (ALT),’
which have high sensitivity in detecting liver dam-
age,'*!! rapidly led to attempts at donor screening
with these procedures. Once again, however, there
were conflicting observations,'"'* and the controversy
that resulted provided little incentive for blood banks
to assay these enzymes as a routine method of donor
evaluation.

Awareness of the association of Australia antigen
with viral hepatitis'®'” and its importance in donor
screening'®'® caused a decline in interest in nonspe-
cific indexes. When the Transfusion-Transmitted
Viruses Study began in 1974, however, it was recog-
nized that not all cases of post-transfusion hepatitis
could be eliminated, even when blood banks used sen-,
sitive methods to detect hepatitis B surface antigen
(HBsAg)-positive donors.?® That observation direct-
ed the attention of the Study Group back to ALT
screening of donors as one approach to reducing
further the incidence of hepatitis in recipients. The
recognition in 1974 of non-A,non-B post-transfusion
hepatitis,® for which specific tests are still lacking,
provided additional support for the promising initial
results obtained by this Study Group.?
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Systematically collected data for the period 1974
through 1979 now provide substantial evidence that
the level of donor ALT is related to the occurrence of
non-A,non-B hepatitis in transfusion recipients. The
extent of the association is sufficient to raise the ques-
tion of whether ALT screening of donors should be re-
considered. This report summarizes the data.

METHODS

The Transfusion-Transmitted Viruses Study is a prospective in-
vestigation that has as two of its major geals the definition of the
incidence of post-transfusion viral hepatitis at four medical cen-
ters in different areas of the United States and the evaluation of fac-
tors influencing its occurrence. Patient recruitment and follow-
up were carricd out in these citics within the following intervals:
New York, January 1976 through November 1979; St. Louis, July
1974 through November 1979; Houston, July 1974 through No-
vember 1979; and Los Angeles, July 1974 through June 1977,

Patlent Recruitment and Follow-up

Recruitment was begun before anticipated transfusion. The
major criteria for eligibility of cach patient included the following:
age of at least 16 years; no problems likely to result in death or a
need for transfusion during follow-up; no transfusions within the
preceding nine months; no history of viral hepatitis or other liver
disease, no recognized exposure to hepatitis within the previous six
months, no recognized potential for occupational exposure; and no
administration or likelihcod of administration of drugs commonly
associated with an elevation in serum ALT.

Once the patient had provided informed consent for participa-
tion in the study, a sample of blood was obtained for definition of
base-line serum ALT and for specific serologic indexes of infection
with hepatitis A virus or hepatitis B virus before transfusion. In
most instances, a sample was also collected seven days after trans-
fusion.

Final evaluation for entry into the study was based on the recip-
ient’s status 14 days after transfusion. The hospita) chart was re-
viewed to confirm that the previously applied eligibility criteria
were still met. Entry into the follow-up study, however, was also
contingent on the following conditions: no transfusion volume ex-
ceeded 15 units of whale blood or blood components (or both); no
clotting-factor concentrates prepared from multiple donors were
given; transfusions were limited to units negative for HBsAg by re-
verse passive hemagglutination (New York Blood Center) or by
radioimmunoassay (all other bload banks); all donors could be
identified, and a sample of blood from the donation was available
for additional testing; evaluation during hospitalization had un-
covered no cause for a poor prognosis (e.g., metastatic ncoplasm) or
need for treatment likely to produce ALT elevations; at least one
serum ALT level before transfusion or within 1423 days alter trans-
fusion was less than 45 IU per liter (micromoles per minute per
liter) at 37°C; any transient clevation of ALT could be explained by

known sell-limiting factors such as the patient’s condition (c.g.,
8 p B

-trauma) or the effects of surgery or anesthesia; and, finally, the pa-
tient's blood sample taken before transfusion was HBsAg negative
by radioimmunoassay.

For eligible patients, 10 additional visits were routincly sched-
uled at four, six, cight, 10, 12, 15, 18, 21, 24, and 40 weeks after
transfusion. At each visit, the patient's status was reviewed and a
blood sample obtained. Follow-up was discontinued if there was re-
‘transfusion or any other recognized exposure to viral hepatitis.

. Visits were made weekly if symptoms or signs compatible with
the presence of viral hepatitis developed, if the ALT activity in.
creased to 45 [U or more, or if the HBsAg test became positive.

Case Ev'aluallon

A patient was suspected of having viral hepatitis if between 11
and 180 days after transfusion there were at least two consecutive
blood samples with clevated ALT levels, one of 45 IU or more and
another of 90 IU or more. The specimens had to be collected™ not
less than three days and no more than 17 days apart.
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Periodically, records for each patient with a suspected episode of
hepatitis were evaluated by a panel consisting of the investigators
and the advisory committee. All available information, including re-
sults of serologic tests specific for infections from hepatitis A and
B, was considered in classifying each episode. The diagnosis of
non-A,non-B hepatitis was made after the following possible expla-
nations of ALT clevations had been excluded: a diagnosis of hepa-
titis B as shown by the appearance of HBsAg or hepatitis B core
antibody (anti-HBc) (or both), with or without the appearance of
hepatitis B surface antibody (anti-HBs) unrelated to passive trans.
fer by wransfusion; an underlying disease; drug-induced hepatitis;
or chronic liver injury undetected during recruitment but detected
by review of the patient’s history and laboratory studies before and
after this period.

Characteristics of Bonors and Reclplents

The blood transfused ai the medical centers in St. Louis and New
York was obtained from voluntcers donating at a community
agency. These donors were derived primarily from a white, middle-
level socioeconomic population. From 1974 until 1976, the hospital
in Los Angeles acquired most of its blood from a similar popula-
tion, but some units were also obtained from three commercial col-
lection agencies that depended on paid donors. At the Houston
facility, blood was obtained from volunteers through a county-hos-
pital blood program; the donors were mainly from a lower sor’
economic group and included families and friends of recipit
The mean age of all donors was 34%12 years (£S.D.), with a
male:female ratio of 2:1,

Recipients were predominantly patients scheduled for elective
surgery. In New York, St. Louis, and Los Angeles, recipients were
mainly from a middle to upper-level socioeconomic population,
whereas those in Houston were largely from a lower socioeconomic
stratum served by a county hospital. The mean age of the recip-
ients was 5216 years, with a male:female ratio of 1:1.

Laboratory Procedures

Careful attention was given to standardization and quality con-
tro} of all laboratory procedures. Samples were processed and

- usually tested in triplicate for ALT levels within 24 hours of collec.

tion. If testing was delayed for 48 to 72 hours, the scrum was stored
at 4°C. ALT levels were measured in the Study Group laborataries
at cach participating institution and at the coordinating center,
with an automated kinetic assay (Beckman TR System, Fullerton,
Calil.) that used reagents (including distilled water) from the same
lots by the same manufacturers. Two standards were routinely
measured in triplicate with each run. Resuhis of ALT testing were
monitored by a computer program to ensure that values within and
among laboratories were consistent over time. In addition, serum
aliquots in randomly sequenced panels were tested as “‘unknowns"’
for evaluation of intralaboratory and interlaboratory variatio

Patients’ blood samples were tested for HBsAg, anti-HBs, 4
anti-HBe with commercially available assays (Ausria I-125 or Aus-
ria 11-125, Ausab, and Corab, respectively; Abbott Laboratories,
North Chicago, II1.) and serum samples for antibody to hepatitis A
with a radicimmunoassay previously described.”

Data were analyzed by the chi-square test with Yates’ correction
in all 2-by-2 contingency tables.

REsuLTs

The 1513 patients included in this analysis were fol-
Jowed for a minimum of 21 weeks (median, 40 weeks).
Excluded from analysis were'164 recipients who were
followed for less than 21 weeks, five recipients for
whom all donor specimens were not available for ALT
testing, and 15 recipients in whom hepatitis B infec-
tion developed. There were no cases of hepatitis A
infection. The number of recipients followed at each
participating center was 428 in New York, 504 in St.
Louis, 384 in Houston, and 197 in Los Angeles. These
patients received an average of 3.7 units of blood; the

I
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mean transfusion volume at two of the centers (St.
Louis and Los Angeles) was nearly identical (4.2 and
4.3 units), but recipients in New York received an
average of 3.8 units and those in Houston one of 2.4
units. Among all recipients, 156 (10 per cent) ac-
quired non-A,non-B hepatitis. The incidence of hep-
atitis ranged from 4 per cent in St. Louis to 18 per cent
in Houston.

Among the 5564 donors ALT levels were distrib-
uted in the following way: 1 to 14 1U, 66 per cent; 15
to 29 U, 25 per cent; 30 to 44 1U, 6 per cent; 45 to 59
IU, 1.5 per cent; and 60 to 284 1U, 1.6 per cent. Of
these 5564, 638 were donors to a recipient who later
had non-A,non-B hepatitis. Table 1 compares the
ALT levels of these implicated donors with those of all
donors. The frequency of donors associated with a
case progressively increased, from 9 per cent in the
group with 1 to 14 IU of ALT to 47 per cent in the
group with values of 60 1U and higher.

To study the possibility that the level of donor ALT
influenced the occurrence of post-transfusion hepati-
tis, we grouped each recipient according to the donor

Table 1. Frequency of Assoclation between Donors and Re-
cipients with Non-A,non-B Hepatitis According to Donor ALT

Level.
ALT LeveL of DoNor No. or Doxors DONORS ASSOCIATED WITH
Nox-A.NON-B HEPATITIS
N RECIPIENTS
w no. (percent)
1-14 3680 329 (9)
15-29 1397 179 (13)
3044 315 59 (19)
45-59 85 30 (35)
60-284 87 41 (47)

whose blood had the highest ALT activity (Table 2).
When the highest donor ALT level ranged between 1
and 14 1U, the attack rate of non-A,non-B hepatitis
was 5 per cent. Recipients given donor units with
ALT levels that were <30 IU had a substantially
lower incidence of non-A,non-B hepatitis than recipi-
ents given units with higher levels (P<0.005). At ALT

levels->30.1U.the.incidence of-nen-A;non-B-hepatitis-— -

progressively rose as the maximum donor ALT level
increased. Among patients receiving at least one unit
of blood with an ALT level >60 1U the attack rate was
45 per cent. .

Table 2 also shows the hepatitis attack rate per
1000 units transfused; the rate was calculated in this
way to control for variation in the number of units re-
ceived. The relation of this attack rate to the highest
donor ALT was similar to that of the rate expressed
per hundred recipients; the rate per 1000 units rose
from a low of 17 to a high of 101 cases in the group of
recipients whose donor ALT levels were >60 IU.

To eliminate the possibility that units other than
the one with the highest ALT level was the source of
infection, the investigators examined the association
between ‘donor ALT and the incidence of non-A,
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Table 2. Relation between Highest ALT Level of Donor and
the Incidence of Non-A,non-B Post-Transfusion Hepatitis
among 1513 Reclplents.

Hicnest Na.oF AVERAGE NO. OF RECIFIENTS WITH

ALT LeveL Recipients  UNITs TRANSFUSED Nox-A,xoN-B Hepatrmis
of Doxox .

TOTAL No./ No./

NO, 100 1000

RECIPIENTS  UNITS

w

1-14 53t 2.7 24 5 17
15-29 584 4.0 37 6 16
30-44 238 4.7 a5 15 32
45-59 76 4.8 22 29 60
60-284 84 4.5 3 45 101

non-B hepatitis in recipients of single units (Table 3).
Although the number of patients was much smaller,
the same relation between donor ALT and attack rate
was observed. Moreover, the attack rate was eight
times higher among recipients given a unit with an
ALT level 245 IU than among recipients given blood
with a lower ALT level (42 vs. 5 per cent).

Table 4 shows the relation between non-A,non-B
hepatitis and the number of units with an elevated
(245 1U) ALT level given to recipients of multiple
units. Patients receiving one unit with an elevated
level had more than a fourfold higher rate of hepatitis
than did recipicnts of blood with a lower level (33 vs. 8
per cent; P<0.01). Among patients into whom two
units with elevated ALT levels had been transfused,
10 of 11 (91 per cent) contracted hepatitis.

The relation between the highest donor ALT level
and the incidence of non-A,non-B hepatitis was ob-
served among recipients of blood obtained from all
three types of donors (Fig. 1). Transfusion of blood
with an ALT level below 45 1U resulted in a lower at-
tack rate when it was obtained from community agen-
cies (5 per cent) than when it was collected from a
county-hospital blood program (13 per cent) or from
commercial agencies with paid donors (23 per cent).
A similar pattern in the incidence of hepatitis as re-
lated to donor source was seen in recipients to whom
at least one unit of blood with an elevated ALT level
was given. However, the attack rates in each donor
group were much higher (28, 43, and 63 per cent, re-
spectively).

Table 3. Relation between ALT Level of Donor and Incidence
of Non-A,non-B Post-Transtusion Hepatitis among 275 Re-
cipients of Single Units.

ALT LeveL or Doxor No. OF RECIPIENTS RECIPIENTS WITH
Non-A NoN-B HEratimis
1w no. (percent)
1-14 167 7 @
15-29 72 5
30-44 24 2 (8)
. 45-59 6 2(3)
. 60-284 6

3(50)
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Table 4. Relation between Number of Donor Units with an

Elevated ALT Level and incidence of Non-A,non-B Post-

Transfusion Hepatitis among 1238 Recipients of Multiple
Units.

No. oF Unt1s wiTH No. oF RECIFIENTS RECIPIENTS WITH

ELEvaTED ALT Nox-A,NoN-B HeraTimis
» (451U)
no. (percent)
None . . 1090 82 (8)
One unit 137 45 (33)
Two units il 10 (91)

DiscussioN

The first study to determine whether the amino-
transferase level in blood donors could predict an in-
creased risk of post-transfusion hepatitis was that of
Bang and his co-workers.!? They found that the inci-
dence of overt hepatitis was increased 2.3 times in pa-
tients transfused with blood that had an AST level of
>41 Karmen units and increased 3.7 times in those
receiving blood with an AST >100 Karmen units.
The serious problems that they encountered were
AST elevations due to hemolysis of the donor speci-
men and the incompleteness of donor follow-up. How-
ever, on the basis of their results they recommended
further study.

Brandt et al. studied AST and ALT levels in a
community-based volunteer-donor population in the
Netherlands.! The frequency of elevated values was

2.8 per cent; the incidence of icteric post-transfusion

hepatitis based on follow-up through family physi-
cians was only 0.3 per cent. In view of the low rate of
discase detected, it is not surprising that they con-
cluded that the use of either aminotransferase assay
was not justified in terms of cost-benefit.

Miller and his colleagues also evaluated the AST
and ALT assays for their ability to detect infectious
donors, but did so by determining mean levels in a
group of 100 donors to six patients who contracted
hepatitis and comparing them to enzyme levels in 160
donors to 11 patients who did not contract the dis-
.ease. AST levels were notably higher in the former
thanin the latter; ALT values were virtually the same.
The large number of units transfused into each recip-
ient (mean, 15.3) and the small number of patients
followed up precluded any definite conclusion.

Otto-Servais et al. examined outcomes in nine re-
cipients of blood with an enzymatic profile typical of
viral hepatitis (ALT and AST >30 IU, with ALT
levels greater than AST levels) and compared the re-
sults with those from 10 recipients of blood with nor-
mal aminotransferase levels.' All recipients were ex-
amined twice a month for five months. No cases of
post-transfusion hepatitis occurred among the recip-
ients of “normal” donor units. In.contrast, anicteric
hepatitis developed in five of the nine patients who
were given blood containing elevated levels of amino-
‘transferases. Three of these five patients received
HBsAg-positive blood. Further study showed that six

LIT.001.0756

Aprfi 23, 1981

of nine asymptomatic HBsAg-positive donors had
changes in their aminotransferase levels.

Other investigators focused on the prevalence of ab-
normal levels of ALT or AST in blood donors, but did
not examine the outcome after transfusion.?*

From this survey, we conclude that no previous
study prospectively evaluated a large enough number
of patients who had been given low volumes of blood
and who had an incidence of post-transfusion hepati-
tis that was sufficiently high to render a trial mean-
ingful. The data reported here indicate that the pro-

. portion of donors associated with patients with

non-A,non-B hepatitis increased progressively in re-
lation to the level of donor ALT activity (Table 1).
Alternatively, the recipients’ chance of contracting
non-A,non-B hepatitis increased in a progressive fash-
ion if at least one donor ALT level was 230 IU (Table
2). This relation could not be attributed to the num-
ber of units transfused, because it was also apparent
when single-unit recipients were examined, Finally,
patients who received two units with an ALT level »*
245 had a higher incidence of hepatitis than did’,
tients who were transfused with only one such unit.
The source of donor blood is another variable that
has been shown to influence the risk of post-transfu-

701 DONOR- ALT VALUES >
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Figure 1. Relation between Highest Donor ALT Level and
incidence of Non-A,non-B Hepatitis, According to Donor
Source.

Each hatched or open bar Indicates a hepatitis attack rate,
and the value at the top of a bar represents the number of re-
ciplents. Donors to the county-hospital blood program were
mainly from a lower-level socioeconomic population and in-
cluded families and friends of reciplents. Patients trans-

. fused with commercial blood may also have recelved blood

from community agencies.
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sion hepatitis in previous studies?’’*® as well as this
one. This risk is almost certainly due to the inverse re-
lation between sacioeconomic status and rate of in-
fection with hepatitis viruses.* Although the source of
blood was clearly an influence in this study, the rela-
tion between the highest donor ALT level and the in-
cidence of hepatitis was observed for all three sources
of blood (community agencies, county-hospital blood
" programs, and commercial blood banks).

We also conclude, on the basis of the results in this
study, that ALT testing is a potentially useful meth-
od of screening donors to reduce the incidence of
non-A,non-B hepatitis. The advantages of the test are
that it is available in an automated form applicable to
testing large numbers of samples, that it is equally
valid for plasma or serum samples and is not influ-
enced by the postprandial state, that hemolysis has no
appreciable effect (in contrast to its effect on AST de-

terminations), and that the enzyme is sufficiently’

stable to make extreme care in the handling of speci-
mens unnecessary.

The observations in this report suggest that about
40 per cent of the cases of non-A,non-B post-transfu-
sion hepatitis among recipients in this study could
have been prevented by discarding units with an ALT
level in the upper 3 per cent of the distribution (i.e.,
ALT 245 1U). A larger number of cases couid have
_ been prevented by lowering the “cutoff’’ to 30 1U, but
" that procedure would have required discarding about
9 per cent of the blood collected. If ALT screening is
initiated nationwide, there will be fewer units of blood
for transfusion than are presently available, no mat-
ter what cutoff level is chosen. The increased number
of rejected units will undoubtedly require improved
efforts in recruiting donors to meet the transfusion
needs of this country.

Consequently, the benefits of initiating ALT
screening must be carefully weighed against the num-
ber of potential donors that would be excluded, the
overall incidence of hepatitis in recipients, and the
severity of the disease. Although non-A,non-B post-
transfusion hepatitis is most often subchmcal ap-
proximately 20 to 40 per cent of patients who con-
tract this disease are symptomatic.’?** At least 25 per
cent of all affected patients have aminotransaminase
elevations lasting longer than six months.’* More-
over, a chronic non-A,non-B carrier state that is often
asymptomatic has been documented?***; a recent re-
port described a patient who was infectious over a six-
year period.”” The development of chronic hepatitis
and progression to cirrhosis have been observed,***
although the precise frequency of these complications
is uncertain.

Other considerations must be taken into account if
widespread ALT testing of blood donors is to be ini-
tiated. These include the uncertainty about how long
to defer a donor whose blood was rejected, as well as
the problems that might occur in the quality control
and proficiency of ALT testing on a nationwide basis.
Advising donors of the implications of the ALT level

LIT.001.0757
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" would also pose a special problem. In addition, ad-

Jjustments might have to be made for the observed dif-
ferences between ALT levels in male and female
donors and for the ages of donors.*? Nonetheless, it ap-
pears from this study that screening donor blood to
eliminate units with elevated ALT levels would result
in a substantial reduction in non-A,non-B post-trans-
fusion hepatitis. »

Although ALT screening lacks the sensitivity to de-

.tect all infectious units and lacks the specificity to

detect only infectious units, the high correlation be-
tween an elevated ALT level and infectivity of trans-
fused blood provides a compelling argument that such
screening should be instituted. Obviously, if there
were sensitive and specific serologic tests for the iden-
tification of the non-A,non-B agent or agents, ALT
testing would be unnecessary. However, efforts to date
to identify such a test have not been rewarding, de-
spite extensive research.

We are indebted to Dr. John Weiner for help in the design of the
methods used in data handling, and to Dr, Aaron Kellner for sup-
port throughout the study.
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HYPERGONADOTROPIC HYPOGONADISM IN FEMALE PATIENTS WITH GALACTOSEMIA

Francine RaTnErR Kaurman, M.D., Maurice D. Kocut, M.D., GeorGe N. DonNELL, M.D.,
Uwe Goesewsmann, M.D., CuarLEs MaRrcH, M.D., anp Ricuarp Kocu, M.D.

Abstract We evaluated gonada! function in 18 fe-
male and eight male patients with galactosemia due
to transferase deficlency; it was normal in the males,
but 12 females had signs of hypergonadotropic
hypogonadism. All female patlents had a 46,XX kary-
otype, normal levels of thyrold hormone and pro-
lactin, and no anti-ovarian antibodies. The biologic
activity of urinary gonadotropins was normal. Ul-
trasonography of the pelvis revealed that ovarian
tissue was diminished or absent. Total estrogens
increased in one of two patients after administra-
tion of human menopausal gonadotropin. The fre-

ALACTOSEMIA,. a disorder due to a deficien-

cy of the enzyme galactose-1-phosphate (Gal-

1-P) uridyl transferase (transferase), represents an
inborn error in the major pathway of galactose me-
tabolism. As a consequence of the transferase defect,
galactose and its metabolites accumulate in various
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quency of hypergonadotropic hypogonadism was
higher In females in whom dietary treatment for
galactosemia was delayed. Clinical course and
mean erythrocyte galactose-1-phosphate and uri-
nary galactitol levels did not correlate with ovarian
function.

We conclude that female patients with galactose-
mia have a high incidence of ovarian failure due to ar-
quired ovarian atrophy. Galactose or its metabolit(
may be toxic lo the ovarian parenchyma, particularn,
during the immediate neonatal period. (N Engl J Med.
1981; 304:994-8.)

tissues in untreated children with this condition and
result in hepatic, renal, lenticular, and neurologic ab-
normalities. Early diagnosis and institution of dietary
treatment permit survival and good health over the
long term.!?

Many galactosemic women who have been treated
since early childhood are now reaching childbearing
age, and although their fertility rate is not known, sev-
eral have borne healthy children.*$ Becausé hypogo-
nadism was noted in one of our patients, we evaluat-
ed gonadal function in 26 patients who attended the
Galactosemia Clinic at Childrens Hospital of Los
Angeles. This report describes the finding of hyper-

. gonadotropic hypogonadism with a surprisingly high
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