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A Multicenter Prospective Study on the Risk of Acquiring Liver Disease in
Anti—Hepatitis C Virus Negative Patients Affected From
HomozygouspB-Thalassemia

By Daniele Prati, Alberto Zanella, Elena Farma, Claudia De Mattei, Patrizia Bosoni, Manuela Zappa, Alessandra
Picone, Fulvio Mozzi, Paolo Rebulla, Maria Domenica Cappellini, Jean-Pierre Allain, and Girolamo Sirchia for the
Cooleycare Cooperative Group

Although the risk of transfusion-transmitted hepatitis has
been recently reduced, transfusion-dependent @-thalasse-
mia patients may still develop liver disease due to viral
infection or iron overload. We assessed the frequency and
causes of liver dysfunction in a cohort of anti-hepatitis C
virus (HCV) negative thalassemics. Of 1,481 thalassemics
enrolled in 31 centers, 219 (14.8%) tested anti-HCV~ by
second-generation assays; 181 completed a 3-year follow-up
program consisting of alanine-aminotransferase (ALT) mea-
surement at each transfusion and anti-HCV determination
by third-generation enzyme-immunoassay (EIA-3) at the end
of study. Serum ferritin levels were determined at baseline
and at the end of follow-up. Ten patients were anti-HCV+ by
EIA-3 at the end of follow-up. Of them, seven were already
positive in 1992 to 1993 when the initial sera were retested

by EIA-3, one tested indeterminate by confirmatory assay,
and two had true seroconversion (incidence, 4.27/1,000
person years; risk of infection, 1/7,100 blood units, 95%
confidence interval [CI], 1 in 2,000-1 in 71,000 units). At
baseline, 67 of 174 thalassemics had abnormal ALT. Of those
with normal ALT, seven subsequently developed at least one
episode of moderate ALT increase (incidence, 24.6/1,000
person-years). All of the 20 patients with ferritin values
=3,000 ng/mL had clinically relevant ALT abnormalities, as
compared with 53 of 151 with <3,000 ng/mL (P < .005).
Hepatic dysfunction is still frequent in thalassemics. Al-
though it is mainly attributable to siderosis and primary HCV
infection, the role of undiscovered transmissible agents
cannot be excluded.

© 1998 by The American Society of Hematology.

TIENTS AFFECTED FROM homozygoy3-thalassemia  donor window period:*>Moreover, they have frequent nosoco-

have a high prevalence of chronic liver disease, mainly agnial exposure, which is an additional risk factor for HCV
a consequence of viral infections acquired through bloodinfection!®1”Nonetheless, no information is as yet available on
transfusion during the past decadés. the rate of HCV seroconversion in these patients.

Although the incidence of posttransfusion hepatitis has been Finally, although iron overload is an independent cause of
greatly reduced after the introduction of blood donors’ screendiver dysfunction in thalassemiésthe relationship between
ing for antibodies to hepatitis C virus (HC¥} multitransfused liver disease and iron status in anti-HC\patients has been
patients are still at risk of developing liver dysfunction. In fact, poorly investigated. In the forthcoming years, this piece of
cases of posttransfusion hepatitis have been described that argormation will be particularly useful for the management of
not related to known viral agents and cannot be prevented byhalassemia, as the proportion of patients uninfected with HCV
current techniques for donor selecti®. Hepatitis G virus  is progressively increasing.

(HGV), a recently discovered member of the Flaviviridae This report presents the results of a prospective study of a
family, was initially indicated as a possible causative agent incohort of anti-HCV thalassemic patients followed during a
these case%;1? but this was not confirmed in further stud- period of 3 years. The study was conducted within Cooleycare,
ies10.13.14Thys far, the current epidemiologic relevance anda cooperative group of clinical centers where large numbers of
the possible causes of non A-C hepatitis have not beeitalian patients with thalassemia are tredtéds20and was
extensively evaluated in prospective surveys. aimed at assessing the incidence and the possible causes of

Thalassemic patients may acquire hepatitis C through théiepatic disease.
administration of HCV-infected blood collected during the

MATERIALS AND METHODS
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From the Centro Trasfusionale e di Immunologia dei Trapianti, Patients. In 1992, the centers of the Cooleycare program were
Servizio Autonomo per il Prelievo e la Conservazione di Organi einvited to participate in a longitudinal study on posttransfusion hepatitis
Tessuti, Divisione di Ematologia, and Centro Anemie Congenite, IRCCSn B-thalassemia as a part of an ongoing survey on transfusion
Ospedale Maggiore di Milano, Milano, Italy; and the Division of transmitted infections, which started in 198%:18-2CThirty-one centers
Transfusion Medicine, University of Cambridge, Cambridge, UK. agreed to participate, and all of the 1,481 homozygubalassemia

Submitted March 31, 1998; accepted June 29, 1998. patients regularly transfused at these centers (760 men and 721 women;

Supported in part by a grant from the Italian National Institute of median age, 17 years; range, 0 to 45) were enrolled. For each patient, a
Health (“Progetto Sangue,” Istituto Superiore di Sabjita baseline serum sample collected in December 1992 to March 1993 was

Cooleycare members providing samples and data for this study aresent to the reference laboratory of the Cooleycare group in Milan for
listed in the Appendix. anti-HCV determination. A total of 219 patients (14.8%) were anti-

Address reprint requests to Daniele Prati, MD, Centro Trasfusionale HCV~ and 1,262 (85.2%) were anti-HCV
e di Immunologia dei Trapianti, IRCCS Ospedale Maggiore, Via Additional serum samples of the anti-HC\patients were requested
Francesco Sforza, 35, 20122 Milano, ltaly. from the participating centers after 3 years, together with a record

The publication costs of this article were defrayed in part by page reporting the results of alanine-aminotransferase (ALT) measurements
charge payment. This article must therefore be hereby mdikeder- determined at each transfusion event and the number of red blood cell
tisement”in accordance with 18 U.S.C. section 1734 solely to indicate units transfused. Informative records were obtained from 181 subjects
this fact. (82.6%; 95 men and 86 women; median age at enroliment, 7 years;

© 1998 by The American Society of Hematology. range, 0 to 28 years) of 30 centers. The remaining 38 patients (17.4%;

0006-4971/98/9209-0015$3.00/0 19 men and 19 women, median age, 9 years; range, 1 to 44 years) were
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lost to follow-up due to death (s 4, 1.8%), bone marrow transplanta- to 1993. During the period of the study, one patient (9 years old)
tion (n = 15, 7%), transfer to other care units ¢n 6, 2.7%), and  developed strong C33 reactivity on RIBA-3, was classified
unavailability of sample or data (# 13, 6%). All of the 219 patients  jhdeterminate, and remained HCV RNA negative with normal
includ_e_d in the study r_]ad received hepatit_is B vaccination and Werea| T |evels. Two patients (6 and 7 years old) became RIBA-3
hi’;aé't'fs B surface am'gzn .(".'B;SAgd) negaz\.'e "’;t study ‘intry't Th‘Trapyand HCV RNA positive. Seroconversion occurred in 1993 and
wih deteroxamine was adrministered according fo cufrent protocols. 1994, respectively. Both patients had ALT flare-ups to 183 and

Laboratory tests. All of the assays, except for ALT determination, . .
were performed at the central laboratory in Milan. 526 UI/L, respectively. Thereafter, ALT values remained abnor-

With regard to the anti-HCV determination, we used a second-Mal, ranging between 49 to 130 and 92 to 370, respectively.
generation enzyme-immunoassay (EIA) at the baseline evaluation and Bwo of 174 patients (1.2%) were therefore considered HCV
third-generation EIA for the analysis of the follow-up sample (EIA-2 infected.
and EIA-3; both from Ortho Diagnostic Systems, Raritan, NJ). The  During the period of the study, all patients received anti-HCV
latter assay was also used to retest the baseline samples of anti-HCF|A-2 or EIA-3 negative red blood cells. The 174 patients who
seroconverting patients. Anti-HCV reactivity was confirmed by second-yere anti-HCV at the baseline evaluation received a total
and third-genera_tion re(;ombinant immgnoblot assays‘(RIBA-Z a_ndnumber of 14,266 red blood cell units (82 31 units per
B e, Blent. uting 466.5 years of ol up (32 4 montrs per

Qatient). The incidence of HCV infection was 4.27 per 1,000

of the virus. Samples were considered positive when reactive to at lea 0 .
two bands, negative when not reactive, and indeterminate when singlB€rSOn-years (95% CI, 0.43 to 15.4 per 1,000). The risk of

band reactivity was detected. Qualitative serum HCV RNA determina-infection was 1 in 7,100 blood units (95% Cl, 1 in 2,000-1 in
tion was performed with the Amplicor HCV kit (Roche Molecular 71,000 units).

Systems, Basel, Switzerland) in the seroconverting patients. Frequency of liver disease.Of the 171 thalassemics who
Serum ferritin was determined on baseline and follow-up samples byremained anti-HCV throughout the study period, 67 (39%)
EIA (IMx Ferritina; Abbott Divisione Diagnostici, Rome, Italy). The had an abnormal ALT pattern at the baseline. Elevation was
upper reference limit (URL) was 280 ng/mL in men and 186 ng/mL in moderate in 51 subjects (76%), mild in 10 (15%), and minimal

WOAT?' ‘ determined at each transfusi i thin 6 (9%). During follow-up, 61 of 67 patients (91%) main-
measurements were determined at each transfusion event in . . o
Cooleycare centers using standard methods. The URL for ALT was 4cfalned altered ALT values. Of the 104 patients (61%) who had

. . . o
U/L in men and 30 U/L in wome#f*16:21The ALT pattern was classified hormal hv_er func_tlon ?.t the b_ase“ne' 17 (_16 %) subsequently
as normal when the enzyme levels were persistently below the URL; iIShowed biochemical signs of liver dysfunction, as suggested by

was considered abnormal if ALT values were persistently or intermit-€Nzyme flare-ups during the period of follow-up. Seven of the
tently above the URL. For each patient, we defined a baseline ALT104 patients (6.7%) had at least one episode of moderate ALT
pattern, considering the values observed during the first 6 months of thincrease, accounting for an incidence of 24.6 per 1,000 person-
study, and a follow-up pattern, on the basis of the values reported duringears (95% CI, 9.8 to 51 per 1,000), and a risk of 1 in 1,250
the remaining study period. It was decided that to validly define the ALT units (95% Cl, 1 in 608-1 in 3,125 units). The main clinical and
pattern, at least 70% of the planned measurements should be Obtain?ﬂamographic characteristics of these subjects are reported in
from eac? I;:zlaxltignt.hAt the time of data danaflysis, we foundI thatf ag theTabIe 1. None had HCV or HBV infection, as documented by
patients fulfilled these criteria. Liver dysfunction was classified as . . .

minimal (when the peak value of ALT was below two times the URL), ;;igi:zlit:rr:tjnze\?vztrl\e”a/g\f/gcl;\t\gsglg 9’ ZHSSS%’;:: dabnetlc;:rzg.

mild (between two and three times the URL), or moderate (above thre o . . .
times the URL). HGV-RNA~in 1995 to 1996. Patient 3 developed HGV viremia

Serum specimens collected at the baseline and at the end of follow-ufuring follow-up. In patient 6, HGV-RNA was positive both at
from the patients meeting the criteria for the diagnosis of hepatitis werdhe baseline and at the end of follow-up. The other three patients
tested for HBsAg and antibodies to hepatitis B core antigen (anti-HBc)remained HGV-RNA throughout the study period. Three of
by ElAs (Murex, Dartford, UK, and Abbott Laboratories, Chicago, IL), seven patients (43%) developed chronic liver dysfunction, as
and for HCV RNA; HGV RNA was also determined by reverse suggested by the persistence or recurrence of ALT abnormality

transcriptase-polymerase chain reaction (RT-PCR) using primers deduring the remaining period of observation. Their clinical
rived from the 5 noncoding region (NCR); positive results were course is summarized in Fig 1

confirmed using primers derived from the nonstructural region 5a Relation between serum ferritin levels and ALT pattern.

(NS5a), as previously describétk> There wi n overall incr in serum ferritin levels during th
Statistical analysis. The incidence of infection was expressed as the erewas an overall Increase in serum e evels during the

number of new infections per 1,000 person-years. The risk of acquiringstUdy Period: median values were 1,680 ng/mL (range, 260 to
infection was computed by the ratio between the number of seroconverd,620) at baseline, and 1,930 ng/mL (range, 340 to 12,300) at
ting patients and the total number of red blood cell units transfused tdhe end of follow-up® = .014 by the Wilcoxon test). The mean
the patient group during the study period. The 95% confidence intervalserum ferritin levels according to ALT pattern in the 171
(CI) of incidence and risk were derived from the exact confidence limitsanti-HCV~ patients are reported in Table 2. A mild to moderate
of the expected value of Poisson distribution. ff¢est, thet-test, and  ALT increase was observed in all of the 20 patients with ferritin

the Wilcoxon test were used when appropriate. values equal to or above 3,000 ng/mL, and in 53 of 151 (35%)
with less than 3,000 ng/mLP( < .005 by x? test). Ferritin
RESULTS concentration was not associated with age or gender.

Incidence of HCV infection. Ten of 181 anti-HCV EIA-2
negative patients (5%) seroconverted to HCV with EIA-3
during follow-up. The analysis of the baseline samples by Liver disease ranks second as a cause of death among
EIA-3 showed that seven patients were already positive in 1992dolescents and adults with thalasselwdthough the inci-

DISCUSSION
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Table 1. Clinical and Demographic Characteristics of the Patients Who Had Normal ALT at Study Entry and Developed Moderate
ALT Increase During Follow-up

Duration of ALT (U1 "
Patient Sex/Age Follow-up Baseline Values* Peak Follow-up Valuest Ferritin (ng/mL)

No. yr (mo) Median (range) Value Median (range) 1992-1993 1995-1996
1 M/1 33 20 (17-35) 196 53 (29-201) 780 2,210
2 M/8 35 19 (17-34) 141 36 (28-40) 3,300 2,330
3 M/2 32 25 (21-36) 305 142 (110-247) 500 2,620
4 M/8 36 23 (18-32) 151 32 (29-34) 1,600 1,320
5 M/6 35 21 (17-29) 229 25 (12-56) 1,960 2,330
6 F/6 35 11 (7-12) 348 16 (11-30) 990 1,460
7 M/1 35 24 (19-34) 264 41 (17-230) 260 2,260

*Values observed during the first 6 months of follow-up.
tValues observed after the ALT flare-up.

dence of transfusion-transmitted hepatitis has been dramaticalliCV viremia was accompanied by chronic liver dysfunction.
reduced after the introduction of hepatitis B vaccination for Our findings suggest that HCV infection is still a cause of
chronic transfusion recipients and the application of reliablemorbidity among thalassemics, even after the introduction of
procedures for the screening of blood donttghalassemic reliable procedures for the prevention of transmissible agents to
patients may still develop liver dysfunction due to infection transfusion recipients. Although this study was not specifically
with blood-borne agents, either known or undiscovered, and talesigned to identify the source of HCV infection, some
transfusional iron overload. We conducted a prospective studgonsiderations on this issue can be made. Because risks due to
on a large cohort of anti-HCV thalassemics to elucidate the drug abuse and sexual activity were reasonably low on the basis
extent of the problem and to identify the possible causes obf the young age of the patients, HCV infection was most
hepatic damage. probably related to patients’ medical treatment. The observed
At the baseline evaluation, more than one third of the patientsate of infection reflects a risk per transfused blood unit similar
had an abnormal aminotransferase pattern. In the majority of théo that previously measured in United States blood recipfents,
subjects, liver dysfunction was clinically relevant, the degree ofbut substantially higher than that estimated using a mathemati-
ALT alteration being comparable to that commonly observed incal model based on the incidence of infection and the duration
thalassemics with chronic hepatitis?&2* This indicates that  of the window period in North American repeat blood donors.
liver disease remains an open issue in the management &onsidering that the incidence rates of HCV infection among
thalassemia. The incidence of HCV infection was 4.27 perdonors in the two countries are comparable (104.84 per
1,000 person-years, a figure 40-fold higher than that recently100,000 person-years}¢it seems possible that a proportion of
observed among low-risk adults from the same geographiddiCV cases currently occurring among thalassemics are not
area'® Moreover, in the seroconverting subjects, the presence ofelated to blood transfusion. Indeed, frequent nosocomial

Patient 1 Patient 3
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s 7 ar S * - r
B 2% S of ¥ [P > ah Tt A VTITPTe Y
0 T T T ON h’ h ~> . v' . 5 % N Figl. Three patients who de-
§§§§j§j§§f§j§ §§3333§§$§§ veloped moderate ALT increase
§e’°g‘°§ SFI¥e STELS > @ é'? g? § TLEIFE followed by chronic liver dysfunc-
tion. Levels of ALT (U/L, dotted
line) are plotted against the date
of determination. The upper ref-
Patient 7 erence limit for ALT was 40 U/L.
The results of HGV RNA determi-
320 nation, performed at the begin-
280 4oV RNA "GZ:;NA ning and at the end of follow-up,
240 e 1 are also reported. These patients
ALT 200 T i had a higher increase of serum
v 160 i T ferritin levels than those who
120 s [ maintained normal aminotrans-
22 A“/ WY \l \'}W}V ferase values (difference of ferri-
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Table 2. Serum Ferritin Levels According to the Pattern of ALT patients who at the beginning of the study had normal ALT
Values in 171 Anti-HCV Negative Thalassemics levels subsequently had at least one episode of clinically
No. of Subjects With the Following ALT Pattern* relevant hepatocellular injury. Moreover, 2.9% developed per-
Serum Abnormal manent hepatic dysfunction, and their aminotransferase pattern
Ferritin Minimal Mild Moderate mimicked that commonly observed in posttransfusion hepati-
(ng/mL)t Normal  Increase  Increase  Increase  Total tis.828 Many of these patients had a remarkable increase of
0-999 9 2 1 2 14 ferritin levels during follow-up. Thus, the possibility that the
1,000-1,999 54 4 6 20 84 gradual enlargement of body iron stores secondary to transfu-
2,000-2,999 24 5 5 19 53 sion therapy was the only factor responsible for hepatic
=3,000 0 0 3 17 20

dysfunction cannot be ruled out. However, this hypothesis is not
completely convincing, given the steep increase of ALT gener-
*The ALT pattern was classified normal when persistently below a”y observed. Hence, at least in part, the elevation of serum
and abn.ormal when persi.stently or intern.ﬁittently above the‘URL (ie, ferritin may be the consequence rather than the cause of
40 U/L in men, 30 U/L in women) during the study period. ALT . o 397 . . .
elevation was classified as minimal (when the peak value was below 2 liver-cell injury>2"None Of_the C?.SGS of liver d's‘?ase described
times the URL), mild (between 2 and 3 times the URL), or moderate here was due to HCV infection not producing detectable
(above 3 times the URL). seropositivity, in contrast with a previous report on community-
tMean of the baseline and follow-up samples. acquired hepatiti&? A proportion of the patients had detectable
HGV viremia, but there is no convincing evidence that this
agent had a direct pathogenetic role in inducing liver damage. In
fact, primary infection was found only in one of the three
8F1tients who developed chronic hepatic dysfunction. Moreover,
we recently observed that HGV infection, although frequent in
ttg)lood donors and recipients of our countfy?3°has no effect
on the severity of liver disease and has often a natural pro-
gression toward recovery in patients with thalasséethichere-

Overall 87 11 15 58 171

exposure might favor patient-to-patient transmission, which
appears to be an important route of HCV spré&&id Otherwise,
thalassemics might be more susceptible to infections because
impaired immune status consequent to their disease and/or
repeated antigenic stimulatiéh.

To our knowledge, this is the first study describing the
relations between liver function and iron status in thalassemic ) ) . ) . .
without evidence of infection with major hepatotropic viruses, fore, |_t remains to be eluc.ldate(.j whether hitherto unidentified
thus excluding factors able to synergize both hepatotoxicity andNT€Ctious agents or noninfectious causes of hepatocellular
siderosi€?6 The analysis of hepatic iron concentration was notda@mage are involved in the pathogenesis of these cases of
possible, mainly due to the very young age of most patientstransfusion-associated liver disease.
which made liver biopsy not feasible; hence, we used serum In conclusion, despite chelation therapy and viral screening
ferritin measurement, which is the indicator of iron load most for blood donations, iron overload and primary HCV infection
commonly used in clinical practiceDespite the young age of remain important causes of liver dysfunction among young
the subjects, the administration of deferoxamine therapy and théhalassemic patients of our country. Undiscovered transmissible
absence of detectable hepatotropic infections, iron stores wer@gents might also contribute to induce hepatocellular injury.
larger than expected. In fact, ferritin concentrations equal to oiThese factors must be considered in the definition of protocols
below 1,000 ng/mL, which are considered the optimal target offor the specific treatment of liver disease thalassemia.
iron-chelating treatmeritwere observed in less than 10% of Whether hepatic dysfunction will significantly affect survival
cases, and the degree of iron overload tended to increase durirggd quality of life of thalassemic patients should be assessed in
follow-up. All of the patients with mean ferritin values exceed- future studies.
ing 3,000 ng/mL had clinically relevant liver damage. Interest-
ingly, this threshold is very close to that used to identify
thalassemic patients at increased risk of cardiac disease (ie,

2,500 ng /ml_)z_7 Overall, our data indicate that in the absence of The authors thank Silvano Milani, PhD, for critical revision of the

a more rigorous control of the siderosis through chelationmanuscript.

therapy, iron accumulation will soon become the principal cause

of hepatic dysfur_lction among young_thalas_semic patignt_s. This APPENDIX

should be taken into account when discussing the indications to o )

antiviral treatment of thalassemics with chronic hepatitis C, CO?'eycafe_membefS providing samples and data for th|s stdy:

because underlying iron-induced liver disease may affect théMess' (Catan'_a); C. Artaz (Aosta); M.G. Batze”a_(s' Gavino Monre-

clinical response to interferon therafy. al.e); P I.?:ellawte.l (Bergamo); G. Bertrand (Sassari); F. Betto (Rho); A.

. . - Biolchini (Iglesias); C. Borgna (Verona); S. Cal(Magenta); A.

Alanine-aminotransferase abnormalities were observed als

. bset of patients with | ferriti trati hich ambosu, A. Carta (Oristano); E. Cichella (Rovigo); V. Cilla (Matera);
In a subset or patients with fower ferritin concentration, whic E. Corvaglia (Casarano); D. Costantino (Locri); C. De Rosa (Napoli); F.

suggests that even relatively small |ncreases_ of the lrc_)n burdeBi Gregorio (Catania); P. Di Paola (Palermo); D. Gallisai (Sassari); G.
may cause hepatocellular damage. Alternatively, ferritin meaz;re|li (Roma); M. Lendini (Olbia); R. Longhi (Como): C. Magnano
surement may underestimate body iron stores in these pgcatania); L. Luongo (Agrigento); A. Mangiagli (Siracusa); A. Meo
tients327 (Messina); S. Strada (Monza); S. Montin (Monselice); G. Forni

However, causes of liver disease other than iron overloadGenova); P. Rizzone Favacchio (Ragusa); F. Schettini (Bari); and G.
should be considered. In this regard, we found that 6.7% of theciorelli (Monza).
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