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Abstract Background. Liver disease is a frequent and
major complication after organ transplantation. We sought
to determine whether hepatitis C virus (HCV) is transmit-
ted by organ transplantation and whether it causes post-
transplantation liver disease.

Methods. Serum samples from all cadaver organ
donors to the New England Organ Bank between 1986
and 1990 were screened retrospectively for antibodies to
HCV (anti-HCV) by enzyme-linked immunosorbent assay
(ELISA). We reviewed the hospital records of all recipients
of organs from anti-HCV—positive donors for evidence of
liver disease. Serum samples from recipients obtained be-
fore transplantation and during follow-up were analyzed
for anti-HCV.

Results. Of 716 organ donors, 13 (1.8 percent) were
positive for anti-HCV. Their organs (19 kidneys, 6 hearts,
and 4 livers) went to 29 recipients. Non-A, non-B hepatitis
developed after transplantation in 14 of the 29 (48 per-

IVER disease is an important cause of morbidity
and mortality in renal-transplant recipients, with
abnormalities of liver function occurring in 7 to 24
percent of patients early in follow-up"? and death due
to liver failure in 8 to 28 percent of the long-term
survivors.'® Many factors have been implicated in
the causation of post-transplantation liver disease, in-
cluding drug toxicity and viral infections. Despite the
exclusion of patients with hepatitis B surface antigen
from organ and blood donation, the incidence of
chronic liver disease after transplantation has re-
mained high in renal-transplant recipients.'"'? More-
over, extensive investigation with the use of available
laboratory and serologic techniques has not identified
the cause of liver disease in the majority of patients.
This has led most authors to speculate that an uniden-
tified non-A, non-B hepatitis virus plays an important
part in the pathogenesis of post-transplantation liver
disease. 2489
The development in 1989 of an assay to detect
antibody against a recombinant viral antigen (c100-
3) provided the first diagnostic test for hepatitis C vi-
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cent), for a prevalence 7.4 times the 6.5 percent preva-
lence after transplantation from untested donors that was
previously reported by two institutions in the organ bank
(P<0.0001). The liver disease began a mean of 3.8
months after transplantation and became chronic in 12
patients; the other 2 had subfulminant hepatic failure. Liv-
er disease was more frequent in the patients who had
received antilymphocyte preparations (P = 0.04). HCV
was the cause of the post-transplantation liver disease in
12 of the 13 recipients (92 percent) for whom serum sam-
ples were available. Anti-HCV was detected by ELISA in
eight and enzyme immunoassay in one; in three others,
HCV RNA was detected by polymerase chain reaction in
serum samples obtained after transplantation.

Conclusions. Organ transplantation can transmit hep-
atitis C. This raises serious questions about the continued
acceptance of organs from donors positive for anti-HCV.
(N Engl J Med 1991; 325:454-60.)

rus (HCV) infection.'®!* Since then, the role of this
virus in acute and chronic liver disease and hepatocel-
lular carcinoma has been better understood.'*'” The
transmission of the virus by the transfusion of blood
products has been demonstrated unequivocally, and
preliminary data suggest that sexual, vertical, and in-
trafamilial spread also occurs.'®?' In this report, we
examine evidence of the transmission of HCV by or-
gan transplantation. We present the results of clinical
and serologic testing of all 716 cadaver organ donors
to the New England Organ Bank during the past five
years and of all 29 recipients of organs from the 13
donors with antibody to HCV.

METHODS
Donors

Stored serum samples from 716 cadaver organ donors in the New
England Organ Bank from 1986 through 1990 were screened
for antibody to hepatitis C virus (anti-HCV) with a first-genera-
tion enzyme-linked immunosorbent assay (ELISA) (Ortho HCV
ELISA Test System, Ortho Diagnostic Systems, Raritan, N.J.),
which detects antibody to a recombinant antigen of HCV (c100-3).
Initially reactive samples were tested twice more. Only samples that
were reactive on repeated assay were considered to be confirmed as
positive. The mean (+SD) optical density, expressed in arbitrary
units, for the positive controls was 2.339%0.074 and for the negative
controls, 0.084+0.004. The cutoff used for optical density in the
final determination of reactivity was 0.484. In addition, the total
amount of antibody (IgG and IgM) to hepatitis B core antigen was
measured with a radioimmunoassay (CORAB, Abbott Laborato-
ries, North Chicago). The case records of all anti-HCV-positive
donors in the New England Organ Bank were reviewed.

Recipients

The recipients of organs (kidneys, hearts, or livers) from the anti-
HCV-positive donors were identified from the records of the New
England Organ Bank. In accordance with the organ bank’s respon-
sibility to notify transplantation centers of information gathered
after the release of donated organs, the directors of the centers were
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informed of the names of the recipients from their centers who had
received organs from anti-HCV-positive donors and were advised
to notify these patients and assess them for liver disease and anti-
HCV. At the request of the treating physicians at the transplanta-
tion centers, one of the study investigators visited each center to
help review each recipient’s record and gather data for the ongoing
monitoring of transplantation outcomes by the New England
Organ Bank.

Clinical Information

Recipients’ pretransplantation records were reviewed for any his-
tory of liver disease or therapy with hepatotoxic drugs, for the re-
sults of liver-chemistry tests, and for the number of transfusions of
blood products before transplantation. Information about transfu-
sions was compiled from records at the hospital, the dialysis unit,
and the blood bank.

The recipients’ post-transplantation records were reviewed to de-
termine the protocol used for immunosuppression, the number of
episodes of rejection and the type of antirejection therapy used, the
duration of the patients’ survival and that of the grafts, the time of
onset of clinical or laboratory evidence of liver disease, and any
therapy with hepatotoxic drugs. Serial tests of liver function were
reviewed to determine the onset and peak of any abnormality. The
presence of liver disease was documented on the basis of hospital
records in patients who underwent liver biopsy and of autopsy
records in patients who died without a liver biopsy. The cause of
each episode of abnormal liver function was assessed on the basis of
all available investigations and with the help of the treating physi-
cians. The surviving recipients were recalled by their treating physi-
cians for an office visit, at which time an examination to detect
evidence of liver disease was performed and blood was drawn for
assessment of liver function and the presence of anti-HCV.

Serologic Studies

The results of tests for hepatitis B surface antigen and antibodies
to cytomegalovirus before transplantation were obtained from the
files of the New England Organ Bank. Serum samples stored at
—=70°C at the organ bank or other tissue-typing laboratories were
used in the analysis of anti-HCV by the first-generation test (the
Ortho ELISA). The results for hepatitis B surface antigen, antibody
to hepatitis B core antigen, antibody to cytomegalovirus, hepatitis A
virus, and Epstein—Barr virus after transplantation were obtained
from hospital records. For the surviving recipients, the serum sam-
ple obtained at the follow-up visit was used to determine the current
anti-HCV status. For patients who had died and for whom stored
serum samples were available, the most recent sample was tested for
anti-HCV.

Before and after transplantation, serum samples from recipients
who had liver disease but were negative for anti-HCV according to
the first-generation test were tested for anti-HCV with a second-
generation enzyme immunoassay that detects antibody to a core
antigen and a fusion of the c100-3 and 33c antigens of HCV (Ab-
bott HCV 2.0 enzyme immunoassay, Abbott Laboratories).?*?3 In
addition, these samples were analyzed for the presence of HCV
RNA by a “nested” polymerase chain reaction,?*?* using primers
derived from the nonstructural domain (NS3) of the HCV genome
(Pucci DL, Abbott Laboratories: personal communication). Sec-
ond-generation tests for anti-HCV and polymerase-chain-reaction
assays for HCV RNA were performed by Abbott Laboratories.

Definitions
Clinical

The definitions used to classify post-transplantation liver disease
were based on the presence of evolving abnormalities of liver func-
tion. An abnormality was defined as an increase in serum levels of
alanine aminotransferase to more than 2.5 times the upper limit of
normal (normal level, <0.58 ukat per liter [<35 U per liter]).%
Acute liver disease was defined by an elevation in the serum alanine
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aminotransferase level on two or more occasions at least two weeks
apart, but lasting less than six months. Chronic liver disease was
defined by a persistent elevation of the serum alanine aminotrans-
ferase level for more than six months.?® Subfulminant liver failure
was defined by the onset of hepatic encephalopathy two weeks to
three months after the onset of jaundice.?’

Pathological

The diagnoses of acute hepatitis, chronic active hepatitis, or he-
patic-allograft rejection were based on the pathologists’ interpreta-
tions in the case records.

Cause

The absence of serologic markers of infection was used to exclude
a diagnosis of infection with hepatitis B or hepatitis A. The absence
of a temporal relation of liver disease to the introduction of a poten-
tially hepatotoxic drug and the absence of a response to the with-
drawal of the drug were used to exclude the diagnosis of drug-
induced hepatitis. Either the absence of a fourfold rise in the titer of
antibody to cytomegalovirus or a negative hybridization of liver
tissue with a cytomegalovirus-specific complementary DNA probe
was used to exclude cytomegalovirus hepatitis.?® In liver-transplant
recipients, the diagnosis of graft rejection was based on the clinical
presentation and confirmed by histologic examination of the liver.
The diagnosis of non-A, non-B hepatitis was considered by the
treating physicians after all other causes had been excluded, and it
was confirmed by our review of all clinical, pathological, and sero-
logic records.

Statistical Analysis

Values given for clinical indexes are means £SD, unless other-
wise specified. Actuarial survival of patients and grafts and survival
without liver disease were calculated by life-table analysis.” The
cumulative probability of liver disease was calculated as 1.00 minus
the probability of survival without liver disease. Groups were com-
pared with Student’s t-test and the chi-square test (with Yates’
correction, when appropriate). We considered differences between
groups significant when the two-sided P value was 0.05 or less.
Because the number of patients in each group was small for some
analyses, the power to detect differences between groups could be
low. Therefore, we also report the results of comparisons in which
the P value was greater than 0.05.

REesuLTs
Prevalence of Anti-HCV among Organ Donors

Stored serum samples from 17 of the 716 cadaver
donors screened for anti-HCV were reactive initially,
but reactivity was confirmed in only 13 samples. The
optical density of the 699 initially nonreactive samples
was 0.029%0.041, that of the 4 initially reactive but
unconfirmed samples was 0.597+0.076, and that of
the 13 initially reactive and confirmed samples was
1.917+0.487. Thus, with a cutoff optical density of
0.484, the prevalence of anti-HCV in the cadaver
donors was 1.8.percent (13 of 716). The prevalence of
intermediate reactivity on initial testing that was not
confirmed on repeated measurement was 0.56 percent
(4 of 716). The predictive value of an initially reactive
test was 76 percent (13 of 17).

None of the donors had evidence of hepatitis. All
were negative for hepatitis B surface antigen, 5 of 11
(45 percent) were positive for antibody to hepatitis B
core antigen, and 8 of 12 (67 percent) were positive for
antibody to cytomegalovirus. Organs procured from
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12 of the 13 anti-HCV-positive
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Table 1. Characteristics of 29 Recipients of Organs from Anti-HCV—Positive Donors.*

donors were used. Organs from one
donor (Donor 3) were not used, be-

DonoR No.  RECIPIENTY

cause of diffuse atherosclerosis.

Prevalence of Liver Disease and Anti- ! K1

HCV before Transplantation ﬁ
A total of 29 organs (19 kid- ) 0

neys, 6 hearts, and 4 livers) were 4 K4
transplanted into 29 recipients. As K5
shown in Table 1, each recipient s :é
was designated by a letter (K, H, or K7
L) representing the type of graft re- 6 Eg
ceived and also by a number within 7 H2
the subgroup of recipients of the 8 K10
same type of organ. All the recipi- g;l
ents were negative for hepatitis B 9 L3
surface antigen at the time of trans- 10 K12
plantation. One kidney recipient " ﬁ:i
(Recipient K9) had a history of K15
acute non-A, non-B hepatitis while - l"("l‘s
receiving dialysis, but tests of liver K17
function were normal at the time of HS
transplantation. The causes of liver 3 :Z‘: s
disease in the liver-transplant re- K19
cipients were sclerosing cholangitis Hé

STATUS BEFORE
TRANSPLANTATION

STATUS AFTER
‘TRANSPLANTATION

MONTHS OF
FOLLOW-UP  SURVIVAL STATUS

LIVER DISEASE ANTI-HCV  LIVER DISEASE ANTI-HCV PATIENT GRAFTH

N + N + 44 Alive Failed

N + Y NA 36 Dead Failed

N + N - 44 Alive Functional
N NA Y NA 9 Dead Functional
N - Y - 39 Alive Functional
N - Y + 22 Alive Functional
N - Y + 22 Alive Functional
N - N - 22 Alive Functional
N - N - 32 Alive Functional
N + N NA 32 Alive Functional
N + N - 30 Alive Functional
Y$§ + Y + 30 Alive Failed

N NA Y - 14 Dead Failed

N - N - 29 Alive Functional
N - N - 29 Alive  Functional
N - N NA 2 Dead Failed

N - Y + 6 Dead Failed

N + Y + 15 Alive Functional
N - N - 15 Alive Functional
N - Y = 16 Dead Functional
N NA Y + 12 Alive Functional
N - Y - 12 Dead Failed

N - N - 12 Alive Functional
N - Y - 12 Alive Functional
N - N - 12 Alive Functional
N - Y + 12 Alive Failed

N - N - 3 Alive Functional
N - N - 3 Alive Functional
N - N - 3 Alive Functional

in two (recipients L2 and L3) and
primary biliary cirrhosis in two (re-
cipients L1 and L4). Seven of 26
recipients (27 percent) for whom
serum samples obtained before
transplantation were available for
testing had anti-HCV (recipients K1, K2, K7, K8,
K9, K12, and L1). Of the 18 kidney-transplant recipi-
ents in whom such serum samples were available,
6 (33 percent) had anti-HCV.

Prevalence and Course of Liver Disease after
Transplantation

Follow-up information was available for all 29 re-
cipients, with a mean duration of 20+ 12 months (Ta-
ble 1). Data on the survival of patients and grafts are
shown in Figure 1. Actuarial survival rates for patients
and grafts were 93 and 85 percent, respectively, after
six months and 56 and 42 percent, respectively, after
three years.

Prevalence of Liver Disease

Non-A, non-B hepatitis developed in 14 of the 29
organ recipients (48 percent) after transplantation.
Using actuarial methods, we calculated the risk as a
function of time after transplantation. The cumulative
probability of liver disease was 52 percent after
six months (Fig. 1). The prevalence of liver disease
was similar among the recipients of different types
of organs — 47 percent for the 19 kidney recipi-
ents, 50 percent for the 6 heart recipients, and 50 per-
cent for the 4 liver recipients. Serologic markers of
hepatitis A, hepatitis B, and cytomegalovirus infection

*Organ recipients were screened for anti-HCV with a first-generation ELISA (Ortho). Liver disease denotes disease
ascribed to non-A, non-B viral hepatitis. N denotes no, Y yes, and NA not available.

‘tRecipients are described
1Graft survival was assessed at the time of the last follow-up or just before death.

§This recipient had a history of acute non-A, non-B hepatitis before pl
normal at the time of transplantation.

ily ding to whether they received a kidney (K), heart (H), or liver (L).

but results of liver-function tests were

and evidence of drug-induced toxicity were absent
in all cases. These 14 recipients had received organs
from 9 donors. Thus, non-A, non-B hepatitis was ob-
served after transplantation in the recipients of or-
gans from 75 percent of the 12 anti-HCV-—positive
donors.

Clinical and Pathologic Features of Liver Disease

The mean time from transplantation to the onset of
liver disease was 3.8+1.5 months (range, 1 to 6) (Ta-
ble 2). The median peak serum levels of bilirubin and
alanine aminotransferase were 74 pwmol per liter (4.3
mg per deciliter) and 3.84 pkat per liter (230 U per
liter), respectively. Of the 14 recipients in whom non-
A, non-B hepatitis developed, 12 (86 percent) had
chronic liver disease, and 2 (14 percent) had subful-
minant liver failure. The results of pathological stud-
ies of the liver were available for eight patients, reveal-
ing chronic active hepatitis in six and cirrhosis in two.
None of the liver-biopsy studies showed evidence of
hepatitis B infection. Liver disease resulted in liver
failure in 4 patients (29 percent) and caused or con-
tributed to death in 2 of the 14 patients (14 percent)
within 10 months.

The clinical characteristics of the patients in whom
liver disease developed are compared in Table 3 with
those in whom it did not. Ten of the 14 recipients (71
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percent) in whom liver disease developed received an
antilymphocytic preparation (antilymphocytic globu-
lin, antithymocyte globulin, or muromonab-CD3 after
transplantation, as compared with only 5 of the 15
recipients (33 percent) in whom no liver disease devel-
oped (P = 0.04). Among the patients who had hepati-
tis, there were more men than women (P = 0.07).
Data on transfusions of blood products were available
before transplantation for 28 of the 29 recipients and
did not reveal a significant difference in the number of
transfusions between those in whom liver disease
developed after transplantation and those in whom it
did not.

Relation of Post-transplantation Liver Disease to HCV
First-Generation Test for Anti-HCV

For 25 patients, serum samples obtained after trans-
plantation were available to be tested for anti-HCV.
Table 4 shows data on the prevalence of anti-HCV
both before and after transplantation in the recipients,
according to whether liver disease did or did not devel-
op after transplantation. The prevalence of anti-HCV
before transplantation was the same among the recipi-
ents in whom liver disease did develop (3 of 11, or 27
percent) and those in whom it did not (4 of 15, or 27
percent). After transplantation, the prevalence of
anti-HCV increased to 58 percent (7 of 12) among
recipients with liver disease. Only recipients with liver
disease had seroconversion. In contrast, the preva-
lence of anti-HCV after transplantation decreased to
8 percent (1 of 13) among the recipients without liver
disease. Loss of antibody occurred only in the recipi-
ents in whom liver disease did not develop. Conse-
quently, anti-HCV was significantly more common
after transplantation in the patients with liver disease
(P = 0.03).

Second-Generation Anti-HCV Test and Nested Polymerase
Chain Reaction

As shown in Table 1, 13 of 14 organ recipients
with post-transplantation liver disease had either
pretransplantation or post-transplantation serum
samples available for testing. The results of the first-
generation anti-HCV test were positive in eight re-
cipients. To assess the role of HCV further in the
remaining five recipients, we analyzed serum samples
obtained before and after transplantation for anti-
HCV, using a second-generation anti-HCV test, and
for HCV RNA using a nested polymerase chain re-
action. In these five patients all the pretransplanta-
tion serum samples were negative for anti-HCV and
HCV RNA. The samples obtained after transplanta-
tion were positive for anti-HCV in one recipient (re-
cipient K17) and positive for HCV RNA in three oth-
ers (recipients K3, H2, and H4). Thus, 12 of the 13
recipients (92 percent) had markers of HCV in their
serum.

As shown in Table 1, the one recipient with post-
transplantation liver disease who tested negative for
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— Patient survival
- - - Graft survival
—.—. Liver disease

Percent
3

N
0 Hrr T T T T T T T T

Months after Transplantation

Figure 1. Actuarial Survival Rates of Grafts and Patients and
Cumulative Probability of Liver Disease in the 29 Recipients of
Organs from 12 Anti-HCV-Positive Donors.

In the calculations of graft survival, the patient’s death was includ-

ed as a cause of graft loss. In the calculation of the probability of

liver disease, Recipient K9 (who had a history of liver disease
before transplantation) was not included.

all serum HCV markers (recipient K14) received an
organ from donor 11, as did recipients K15 and H4, in
whom post-transplantation liver disease also devel-
oped. Evidence of HCV infection was present in both
recipients K15 and H4, indirectly implicating HCV as
the cause of the liver disease in recipient K14 as well.
Thus, HCV was implicated as the cause of post-trans-
plantation liver disease in all the patients.

DiscussioN

Advances in immunosuppression have led to in-
creasingly successful organ transplantations, necessi-
tating a concurrent increase in the supply of organs,
especially from cadaver donors. Ironically, advances

Table 2. Characteristics of Patients with Liver Disease after
Transplantation.*

MoONTHS TO
Recip-  ONSET OF
IENT DISEASE

PEAK LABORATORY ABNORMALITY CLASSIFICATION

BILIRUBIN ALT CLINICAL PATHOLOGICAL

umoliliter mgldl pkattliter Ulliter

K2 1 30 1.7 242 145 CLD NA
K3 5 94 5.5 454 273 CLD CAH
K4 3 56 33 1242 745 CLD NA
KS 5 36 2.1 3.68 221 CLD NA
K9 ot 6 0.4 3.04 183 CLD NA
K12 2 18 1.0 2.50 150 CLD NA
K14 4 74 4.3 366 220 CLD Cirrhosis
K15 S 24 1.4 400 240 CLD NA
K17 3 90 5.3 338 203 CLD CAH
HI 5 502 29.3 2.74 165 SFLF CAH
H2 5 54 3.2 5.16 310 CLD CAH
H4 2 198 11.6 412 247 CLD CAH
L3 4 140 8.2 7.48 449 SFLF CAH
L4 6 530 31.0 11.68 701 CLD Cirrhosis
*ALT denotes alanine ami fe CLD chronic liver disease, CAH chronic active
hepatitis, SFLF subfulminant liver failure, and NA not available.
1This recipient had a history of non-A, non-B hepatitis before
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in serologic testing for transmittable diseases have re-
sulted in the exclusion of an increasing number of
cadaver donors. Using a recently developed ELISA to
detect serum antibody to a recombinant antigen of
HCV (c100-3),'*!* we sought to determine whether
hepatitis C is transmitted by organ transplantation.
Our results show a 1.8 percent prevalence of anti-
HCV among cadaver donors and a 27 percent preva-
lence before transplantation among recipients. Of
the 29 recipients of organs from anti-HCV-positive
donors, 14 (48 percent) had non-A, non-B hepatitis
after transplantation. Of the 13 recipients with non-A,
non-B hepatitis in whom serum samples were availa-
ble, 12 (92 percent) had markers of HCV infection.
The remaining recipient received an organ from a
donor who appeared to have transmitted HCV to two
other recipients, indirectly implicating HCV as the
cause of liver disease in this recipient as well.

The 1.8 percent prevalence of HCV antibodies
among the cadaver donors in our study is higher
than the 0.6 percent prevalence among healthy blood
donors in the United States,? perhaps because of a

Table 3. Characteristics of the Organ Recipients According to
Whether They Had Post-transplantation Liver Disease.*

RECIPIENTS RECIPIENTS

CHARACTERISTIC WITH DISEASE ~ WITHOUT DisEAsE P VALUE}

No. of recipients 14 15
Age (yr) 35x14 4212 0.16
Male:female ratio 12:2 7:8 0.07
Pretransplantation status
Previous transplant — no. (%) 2 (19) 5(33) 0.45
Dialysis (mo)} 52+58 49+26 0.86
Transfusions of blood 22+35 22+31 0.59
products (no.)§

Donor’s serologic status

Anti-HCV (OD) 1.903+0.463  2.000+0.402 0.55

Anti-HBc — no. (%) 5/11 (45) 6/13 (46) 0.84

Anti-CMV — no. (%) 7 (50) 13 (87) 0.08
Organ received — no. (%)

Kidney 9 (47) 10 (53)

Liver 2 (50) 2 (50) } 0.91

Heart 3 (50) 3(50)
Type of immunosuppression

used — no. (%)

Steroids 14 (100) 15 (100) 0.98

Azathioprine 11 (79) 12 (80) 0.72

Cyclosporine 14 (100) 15 (100) 0.98

ALG, ATG, or OKT3 10 (71) 5@33) 0.04
Anti-HCV — no. (%)

Before transplantation 3/11 (27) 4/15 27) 0.73

After transplantation 12 (58) 1/13 (8) 0.03
Months of follow-up 18+9 19+10 0.84
No. of rejection episodes 0.93+0.88 0.66+0.88 0.43
Survival — no. (%)

Grafty 6 (43) 13 (87) 0.04

Patient 8 (57) 14 (93) 0.07

*Plus-minus values are means +SD. Values in p h are p OD d

5

optlcal density, anti-HBc antibody to hepatitis B conc antigen, ant|~CMV antibody to cytomeg-
irus, ALG antilymphocytic globulin, ATG antithymocyte globulin, and OKT3 muro-
monab—CDS

TEither the chi-square test with Yates’ correction or an unpaired t-test was used to test the
significance of the data.

$Kidney recipients only.

§Data on fusions were available for all pati
patients without liver disease.

9Yin the calculations of graft survival, the patient’s death was included as a cause of graft loss.

with liver disease and for 14 of the 15

Aug. 15, 1991

Table 4. Prevalence of Anti-HCV Seropositivity in
Organ Recipients According to Whether They Had
Post-transplantation Liver Disease.*

TYPE OF RECIPIENTS WITH RECIPIENTS WITHOUT
GRAFT DISEASE DISEASE

BEFORE AFTER BEFORE AFTER

TRANSPLANT TRANSPLANT ~ TRANSPLANT TRANSPLANT
no. with anti-HCVino. studied

Kidney 3/8 5/8 3/10 119
Heart o1 02 o3 072
Liver 02 22 172 02
All 311 2% 4/15 1113

*The Ortho HCV ELISA was used to detect anti-HCV.

TP 0. 03 for the comparison with the prevalence of anti-HCV after
among recipi without liver discase.

higher prevalence of social behavior, such as intrave-
nous drug use or sexual promiscuity, that is associated
with the spread of viral infections. The fact that 45
percent of the donors with anti-HCV in our study also
had antibody to hepatitis B core antigen supports this
suggestion. This observation raises the possibility that
the donors in our study may also have transmitted
other non-A, non-B hepatitis viruses. The 33 percent
prevalence of anti-HCV among kidney recipients be-
fore transplantation is similar to the prevalence re-
ported by others among patients undergoing dialy-
sis, 113039 and it presumably reflects the transmission
of HCV by blood transfusion before the exclusion of
blood donors with anti-HCV.

The 48 percent prevalence of non-A, non-B hepati-
tis after transplantation among recipients of organs
from anti-HCV—positive donors far exceeds the preva-
lence expected among transplant recipients in general.
It is possible that we may even have underestimated
the true prevalence of liver disease in these recipients
of organs from anti-HCV-positive donors. Patients
with non-A, non-B hepatitis characteristically have
variable elevations in aminotransferase levels,** and
immunosuppressed patients with liver disease tend to
have lower aminotransferase levels.? Thus, the cutoff
value for alanine aminotransferase that we used to
define liver disease (>2.5 times the upper limit of nor-
mal) may have excluded some patients with non-A,
non-B hepatitis. Previous studies from two transplan-
tation centers associated with the New England Or-
gan Bank document post-transplantation liver disease
in 26 of 184 recipients (14 percent) and 42 of 405
recipients (10 percent) of kidneys from donors who
were not tested for anti-HCV.!* The respective causes
could be identified in 14 of the 26 patients (54 percent)
and 16 of the 42 patients (32 percent), with hepatitis B
virus, cytomegalovirus, and toxicity from drugs and
alcohol being the main causes. The remaining cases
were ascribed to non-A, non-B hepatitis. Thus, non-A,
non-B hepatitis was observed in 38 of the 589 recipi-
ents in these two studies combined (6.5 percent). Hep-
atitis C probably accounted for a large proportion of
the cases of liver disease in these patients receiving
frequent transfusions. More recently, the abandon-
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ment of policies requiring blood transfusions before
transplantation and the exclusion of blood donors
with hepatitis B surface antigen and elevated alanine
aminotransferase levels would be expected to lower
the risk of post-transfusion hepatitis and therefore to
lower the prevalence of post-transplantation non-A,
non-B hepatitis. The 7.4-fold higher prevalence (48
percent) of non-A, non-B hepatitis in this study
(P<<0.0001) strongly suggests the transmission of in-
fection by the transplantation of organs from donors
with anti-HCV.

It is important to note that liver disease developed
in recipients of organs from only 9 of 12 donors
(75 percent), an indication that a positive test for
anti-HCV does not necessarily imply infectivity. In
addition, only 14 of 21 recipients (67 percent) of
organs from these 9 donors had post-transplantation
non-A, non-B hepatitis, indicating that not all recipi-
ents may be equally susceptible. The absence of anti-
HCV in some recipients with post-transplantation
non-A, non-B hepatitis probably reflects the limita-
tions of test sensitivity, especially in immunosup-
pressed patients.?>* The absence of anti-HCV and
HCV RNA in the serum of one of our recipients
with liver disease does not exclude HCV as the cause
of non-A, non-B hepatitis. Examination of liver tis-
sue for HCV RNA may answer this question. Alterna-
tively, the liver disease could be due to the transmis-
sion of another non-A, non-B hepatitis virus by this
donor.

The usual onset of post-transfusion hepatitis C is
8 weeks (range, 2 to 26) after exposure, with progres-
sion to chronic active hepatitis or cirrhosis in 10 per-
cent of patients over a period of several years.**? The
mean onset of liver disease of 3.8 months after trans-
plantation in our patients supports the contention that
they acquired hepatitis C from the allograft. The more
severe course and more rapid progression of post-
transplantation liver disease that we observed may be
due to the impairment of host defenses by immuno-
suppression. This is analogous to infection with the
human immunodeficiency virus, in which the ac-
quired immunodeficiency syndrome develops 1Yz to 2
years after infection in immunosuppressed transplant
recipients, as compared with 7 to 8 years in normal
hosts.*® The role of immunosuppression is clearly seen
in the association of the use of antilymphocyte prepa-
rations with the occurrence of liver disease. A similar
association is observed with cytomegalovirus and Ep-
stein—Barr virus infections in recipients treated with
antilymphocyte preparations.**

The high prevalence of chronic liver disease in re-
cipients of organs from donors with evidence of HCV
infection, the rapidity of the onset, and the relentless
progression are worrisome and raise two questions.
First, should otherwise acceptable donors who test
positive for anti-HCV be excluded from organ dona-
tion? The effect of such a policy would be to reduce the
incidence of post-transplantation liver disease. How-
ever, it would also reduce the supply of organs from
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cadaver donors, in inverse relation to the prevalence
of positive tests in the pool of potential donors. Cur-
rent estimates based on first-generation antibody tests
suggest that the prevalence is 1 to 2 percent. For po-
tential recipients of kidney or pancreas transplants,
who can survive with dialysis or insulin therapy, re-
spectively, while they await more suitable donors,
the effect of this policy would be to increase mar-
ginally the waiting time for transplantation. For po-
tential heart, liver, or lung recipients, however, who
may not survive the wait for more suitable donors, this
policy is likely to increase the number of deaths
from organ failure. At our organ bank, all donors are
now tested for anti-HCV. Life-saving transplantation
(of a heart, liver, or lung) from a donor with a posi-
tive test is permitted only with the informed consent
of the recipient. Transplantation of other organs
(kidneys or pancreases) from such donors is not per-
mitted.

Second, should patients with kidney failure and
positive tests for anti-HCV be excluded from kidney
transplantation to avoid a potentially detrimental ef-
fect on the course of liver disease? This question can
be answered only by comparing the outcomes of trans-
plantation and dialysis in patients who test positive for
anti-HCV. We have not presented data that bear on
this comparison. Moreover, it will be necessary to re-
examine both questions when more sensitive and spe-
cific tests for HCV have been developed.

We are indebted to the surgeons, physicians, nurses, transplanta-
tion coordinators, technicians, and secretaries of the member insti-
tutions of the New England Organ Bank, of the University of
Michigan Hospital, Ann Arbor, and of Humana Hospital, San An-
tonio, Texas, for their assistance; to the staff of the Immunology
Laboratory of Brigham and Women’s Hospital, Boston, for kindly
performing the Ortho HCV ELISA and assay for anti-HBc; and to
Abbott Laboratories, North Chicago, for performing the Abbott
2.0 enzyme immunoassay and polymerase chain reaction for
HCV RNA.
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