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Abstract

Chronic infection with either hepatitis B (HBV) or hepatitis C virus (HCV) is frequently present in patients seropositive for human
immunodeficiency virus (HIV) because of shared routes of transmission. With the advent of highly active antiretroviral therapy (HAART)
regimens capable of controlling HIV replication and dramatically prolonging the survival of HIV-infected patients, the impact of co-morbid
infections such as HBV and HCV has come into focus. Several studies have monitored HBV or HCV viral loads following initiation of
HAART, with disparate results. The effects of HAART on hepatitis B and C plasma viral leads 9 and 32, respectively) and on
liver enzyme levels were studied in a large cohort of prospectively studied subjects with advanced stage HIV disease. Comparing the
mean pre- and post-HAART levels, there was an estimated increase of (a) 1#0dog 4.83 to 6.24 log, for HBV plasma viral load
(P =0.07), (b) 0.74 logo from 6.38 to 7.12 log for HCV plasma viral loadf = 0.001), and (c) 19.4 U/L from 37.4 to 56.8 U/L for serum
alanine aminotransferas® « 0.001). While the number of subjects co-infected with HIV and HBV was limited, these data collected in
a population of advanced stage HIV-infected patients raises questions regarding the interactions of these viruses with each other and the
host immune system and has implications regarding the order in which antiviral therapies are initiated.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction believed that HBV does not substantially alter HIV disease
(Koblin et al., 1992; Gilson et al., 1997Whereas some
Chronic infection with either hepatitis B (HBV) or investigators have observed that HCV co-infection may be
hepatitis C virus (HCV) is frequently present in patients associated with a more rapid rate of HIV disease progres-
seropositive for human immunodeficiency virus (HIV) be- sion Bonacini and Puoti, 2000; Greub et al., 2000; Daar
cause of shared routes of transmission. An estimated 10 ancket al., 200} compared to HCV seronegative HIV positive
30% of HIV-infected persons are co-infected with HBV or patients, others have not observed significant differences be-
HCV, respectively Perrillo et al., 1986; Bodsworth et al., tween the two groupsSulkowski et al., 2002aConversely,
1991; Poles and Dieterich, 2000; Sulkowski et al., 2000a; HIV co-infection reduces seroconversion and control of
Tedaldi et al., 2003b Although the effect of HBV and HCV ~ HBV infection (Gilson et al., 1997; Rodriguez-Mendez
co-infection on HIV disease progression is uncertain, it is et al., 2000; Dore and Cooper, 2001; Martinez, 2084d
is associated with higher HCV viral loads and progression
—_— to cirrhosis Eyster et al., 1994; Rockstroh et al., 1996;
* This work was supported in part by NHLBI (séppendix A), as Martinez, 2001; Puoti et al., 2001; Sulkowski et al., 2002a
well as by reagents and testing by Roche Molecular Systems. . . . .
« Corresponding author. Tek:1-016-734-8695; faxi-1-016-734-7766.  compared to HIV seronegative patients with the respective
E-mail addressdasmuth@ucdavis.edu (D.M. Asmuth). viral hepatitis. With the advent of highly active antiretro-
1 VATS study group membership is detailed Appendix A viral therapy (HAART) regimens capable of controlling
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HIV replication and dramatically prolonging the survival of
HIV-infected patients, the impact of co-morbid infections
such as HBV and HCV with prolonged natural histories
of their own has come into focus. HIV/HCV co-infected
patients who respond to HAART have similar survival rates
as those who are infected with HIV alonklgcias et al.,
2002; Tedaldi et al., 2003aHowever, major aspects under
consideration include the potential morbidity and mortality

that progressive hepatic disease may contribute in this pop-
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this cohort of very advanced HIV-infected subjedtufphy

et al., 200). We now report the effect of the initiation of
HAART on plasma viral loads of HBV and HCV in the sub-
set of subjects who were co-infected with HIV and either
HBV or HCV.

2. Methods

ulation, as well as potential interactions of the viruses and 2.1. Selection of subjects and timepoints

the effects each may have on specific antiviral therapeu-
tic interventions considered. For instance, liver failure has

Selection of antiretroviral regimens was at the discretion

become a prominent cause of morbidity and death amongof the primary care provider, except that new antiretrovi-

hospitalized patients with HIV infectiorGQreub et al., 2000;
Puoti et al., 2000b; Sulkowski et al., 2002#&n addition,

ral medications were discouraged immediately following the
transfusion episode. Only patients who began HAART after

hepatotoxicity to antiretroviral medications, a leading cause entering VATS were considered for this analysis. The def-
of severe adverse events leading to treatment discontinua-inition of HAART therapy for the study required at least

tion, is highly associated with co-infection with either HBV
or HCV (den Brinker et al., 2000; Sulkowski et al., 2000b;
Wit et al., 2002; Sulkowski et al., 2002bIn the setting
of hepatic enzyme elevations coincident with antiretroviral
therapy for HIV, it is important to know whether this is due
to (a) direct drug toxicity in the environment of liver injury,
(b) augmented HBV/HCV specific T-lymphocyte activity
following immune reconstitution, or (c) a flare-up of hep-
atitis viral replication resulting from unknown mechanisms.
While the larger clinical studies cited above did not, sev-
eral small studies have monitored HBV or HCV viral loads
following initiation of HAART in an attempt to shed light

on this important issue. In addition, these smaller stud-

ies have yielded disparate resul®otkstroh et al., 1997;

three antiretroviral agents with at least one of which being
a protease inhibitor or a non-nucleoside reverse transcrip-
tase inhibitor. Timepoints before HAART was initiated were
classified as “pre-HAART.” All time points subsequent to
the initiation of a regimen that met the definition of HAART,
irrespective of whether the subject continued to take the pre-
scribed therapy or not, were classified as “post-HAART.”
This was done to approximate an intention-to-treat analysis.
All medications were recorded at each quarterly visit, but
adherence to antiretroviral therapy was not recorded.

The IRB committees of the collaborating institutions ap-
proved VATS, and informed consent was obtained from
all participants in compliance with human experimentation
guidelines of the US Department of Health and Human

Rutschmann et al., 1998; Zylberberg et al., 1998; Ragni and Services.

Bontempo, 1999; Fialaire et al., 1999; Perez-Olmeda et al.,

Selection of subjects for this report was performed in three

2000; Yokozaki et al., 2000; Puoti et al., 2000a; Manegold steps. First, 523 of the 531 VATS subjects were screened for
et al., 200]. In order to better characterize these effects, we hepatitis B and C antibodies at baseline. (The other eight
undertook to measure the association between the initiationhad insufficient baseline samples.) Samples were screened

of HAART and HBV and HCV viral loads in a large cohort
of prospectively enrolled subjects with advanced HIV.
The Viral Activation Transfusion Study (VATS) enrolled

for hepatitis B total antibody using the Hepatitis B Virus
Core Antigen (Recombinant) Corzyme Assay (Abbott Lab-
oratories, Abbott Park, IL, USA) and for hepatitis B surface

531 HIV-infected, anemic subjects at eleven geographically antigen using the Ortho HBsAg ELISA 2.0 (Ortho-Clinical
dispersed centers into a randomized, double-blind clinical Diagnostics, Inc. (Raritan, NJ, USA). Samples were also
trial of non-leukoreduced versus leukoreduced red blood screened for hepatitis C using the Ortho HCV Version 3.0

cell transfusion Busch et al., 1996 The hypothesis of the

ELISA (Ortho-Clinical Diagnostics, Inc., Raritan, NJ, USA).

study was that donor leukocytes from packed red blood All samples were tested in singlicate only due to volume

cells reduced survival in recipient HIV-seropositive sub-
jects and increased the HIV-RNA viral load in recipients
following transfusion. Secondary endpoints included acti-
vation of multiple viruses (such as HIV, HBV and HCV),

constraints, and considered reactive if the singlicate test was
reactive.

Second, transcription mediated amplification (TMA)
testing was performed for selected subjects to confirm the

measured at weekly and then quarterly timepoints follow- presence of the hepatitis virus. For hepatitis B, subjects
ing transfusion. No significant increases of these viruseswho were HBcAD positive/HBsAg negative or HBCcAb neg-
were demonstrated in the plasma of subjects receiving eitherative/HBsAg positive received HBV DNA TMA testing by

non-leukoreduced (NLR) or leukoreduced (LR) allogeneic
blood products Collier et al., 2001; Asmuth et al., 2003
Because HAART was introduced during the study period,

the Procleix HBV Discriminatory Assay (Gen-Probe Incor-
porated, San Diego, CA, USA). For hepatitis C, if the HCV
antibody test was positive, Chiron dHCV TMA testing was

we were able to conduct additional analyses of the effect of performed on individual samples using the Procleix HCV
HAART on subsequent death and opportunistic infections in Discriminatory Assay (Gen-Probe Incorporated). For the
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HCV antibody negative subjects, it was performed in pools, Table 1
followed by individual tests for subjects in a positive pOOl. Number of patients and timepoints with hepatitis B viral load, hepatitis
TMA testing was not performed if a baseline blood sample C viral load, and alanine aminotransferase (ALT) data analyzed

was unavailable or if testing would have depleted volume Hepatitis B Hepatitis C ALT
needed for viral load testing. Such subjects were droppednymper of patients 9 32 45
from further consideration. HCV antibody negative subjects
who lacked samples for these reasons were also dropped?rﬁmﬁsng o5 69 110
Subjects were considered positive for HBV if they were timepoints
HBcAb and HBsAg positive or HBV DNA TMA positive, Mean (range) 2.8 (1, 9) 2.2 (1, 6) 2.4 (1, 9)
and were considered positive for HCV if they were dHCV ~ Number of 5 19 28
TMA positive or if they were HCV antibody positive with- 5;‘:;”;?”;"” >1
out sufficient blood volume for the dHCV TMA test but
with at least one follow-up phlebotomy. POSt-HAART

Finally, subjects positive for HBV or HCV who started Ntiirsqze[;o?rfts 23 & 109
HAART after baseline, and who had atleast one pre-HAART  yiean (range) 26 (2, 3) 25 (2, 4) 24 (2, 4)

quarterly bleed and at least two post-HAART quarterly phle- — , , — ;

botomies after the initiation of HAART, were eligible for Int_:lgdes a]l patlents_\{wth hepatltls B or C wrgl loads analyzed, plus
. . an additional eight hepatitis B infected patients with last pre-HAART and

analyses. HBV and HCV viral load testing was performed g post-HAART viral loads below limit of quantification. Four patients

on all available quarterly bleeds up to 2 years before the are co-infected with hepatitis B and C.

initiation of HAART and all quarterly bleeds at most 9

months after HAART. HBV viral load was evaluated using demographics and pre-HAART clinical characteristics of pa-

the COBAS Amplicor HBV Monitor assay (Roche Diag- tients analyzed for HBV or HCV loads. For approximately

nostics, Branchburg, NJ, USA). HCV viral load was evalu- half of the subjects with HBV data, all or nearly all values

ated using the COBAS Amplicor HCV Monitor 2.0 Assay were below the limit of quantification<(200 copies/mL).

(Roche Diagnostics). Viral load for each virus was reported

as copies/mL. ALT was measured at timepoints that were '@ble 2 -

selected for HBV or HCV viral load testing. If there was not Demographic and pre-HAART laboratory characteristics

enough volume for both ALT and HBV and/or HCV viral Hepatitis B Hepatitis C
load testing, testing was prioritized as follows: (i) HBV, (ii) (N=9) (N=32)
HCYV, (iii) ALT Demographic characteristics

’ : Age, median (quartiles) 39 (33, 40) 39 (34, 43)

The HIV RNA level was measured using a reverse tran-
scriptase polymerase chain reaction assay with a lower limit  S€x (%)

e 4 . . . Male 89 66
of quantification of 200 copies/mL (Amplicor Monitor As- Female 11 34
say; Roche Molecular Systems, Branchburg, NJ, USA).
Race (%)
Lo Black 22 41
2.2. Statistical methods White 67 44
Hispanic 0 13
A random effects model with robust variance estimates Other 1 3
was used to model change in viral load and ALT over  HIV risk group (%}
time, assuming linear changes over time, but with separate  Injection drug use 33 75
slopes and intercepts pre- and post-HAART. A simpler ran- 'V'es’;;”\',‘v‘i)thh':‘r“’een 56 34
dom effects model was then fit to compare the mean [evels Heterosexual contact 29 44
pre- versus post-HAART, by assuming flat slopes but differ- Blood product recipient 0 0
ent mean levels pre- and post-HAART. The random effects Other/unknown 11 0
models adjusted for correlated observations caused by tak- | ast pre-HAART value®
ing repeated longitudinal measurements within each patient.  CD4 (cells/mnd) 118 (30, 149) 33 (9, 127)
Hepatitis B and C viral loads data were {ggransformed H'\(/I RNA i) 4.26 (411, 521)  4.67 (3.43, 5.20)
: 0030 COpies/m
before analysis. HBV DNA 4.85 (3.71, 5.28) NA
(logyo copies/mL)
HCV RNA NA 6.50 (6.07, 7.50)
3. Results (logso copies/mL)
Alanine 36 (24, 45) 35 (20, 47)
3.1. Available data and patient characteristics ?S}'Lr;onamferase

. . . . NA: not applicable.
Table 1shows the number of subjects and timepoints with  2patients could have multiple risk factors.

HBV and HCV viral load data and ALT datdable 2shows b Median (quartiles).
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Fig. 1. Average alanine aminotransferase (ALT) levels pre- and post-HAART.

Subjects with all post-HAART observations and the last 3.2. ALT
pre-HAART observation below the limit of quantification
were excluded from analysis of HBW(= 8). In total, there The analysis of ALT included the HBV and HCV co-
were 48 timepoints in 9 subjects analyzed for HBV and 148 horts. The overall pattern was a flat slope pre-HAART
timepoints in 32 subjects analyzed for HCV. Four subjects followed by post-HAART levels that were generally higher.
were in both the HBV and HCV cohorts analyzed. The two slopes were not significantly differert & 0.11).
The analysis of ALT levels included all subjects and time- Comparing the mean pre- and post-HAART levels, there
points with available HBV and/or HCV data (including those was a mean increase of 19.4 U/L (95% CI 8.9—-2%9%
excluded from the HBV analysis because their values were 0.001), from 37.4U/L to 56.8 U/LKig. 1). Results were
below the limit of quantification). In total, there were 219 unchanged if the HBV or HCV cohorts were analyzed
timepoints in 45 subjects analyzed for ALT. separately.
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Fig. 2. Average hepatitis B and C viral load levels pre- and post-HAART.
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3.3. Hepatitis B

A total of 9 subjects had one or more quantifiable
post-HAART measurements and/or a quantifiable final
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vation from 37.4 to 56.8 U/L. Drug toxicity or increased
viral-induced inflammation could be contributing to this in-
crease. Reports in the literature monitoring changes in HBV
or HCV viral load following initiation of HAART draw from

pre-HAART measurement. Only five of these nine subjects cohorts of AIDS patients with advanced immunodeficiency

had two or more pre-HAART measurements, i.e., only five
could contribute information on within-patient change over
time pre-HAART.

The estimated pre-HAART slope was significantly neg-
ative (—0.45logs per monthP < 0.001) but this result
could be an artifact of the very small sample si2e=£ 5).
The post-HAART slope was essentially flat (0.02lgger
month, P = 0.85). Discounting the significant pre-HAART
slope and noting the flat post-HAART slope, we com-

as well as several reporting observations during early and
intermediate HIV disease.

With respect to the impact of HAART on HBV viral load,
reports are scarce in the literatuManegold et al. (2001)
report their findings in two patients with initial pre-therapy
CD4t T-cell counts <100 cells/mm, who had fully re-
covered from HBV infection evidenced by the presence of
HBsAb. Both patients developed clinical hepatitis with the
appearance of HBV DNA in the plasma and disappearance

pared the overall mean pre- and post-HAART levels. There of HBsAb early during HAART therapy as HIV RNA be-

was an estimated increase of 1.40iggrom 4.83logs to
6.24logo, but the change was not statistically significant
(95% CI—0.05 to 2.86,P = 0.07) (se€eFig. 2.

3.4. Hepatitis C

The estimated pre- and post-HAART slopes for hepatitis
C viral load were both nearly flat and were not significantly
different from each otherR = 0.15). Comparing the overall
mean pre-HAART and post-HAART levels, there was an
estimated increase of 0.741pg(95% CIl 0.32-1.15P =
0.001), from 6.38 logp to 7.12logo (seeFig. 2).

3.5. HIV-1 RNA and CD4 T-lymphocyte counts

The estimated pre- and post-HAART slopes for HIV-1
RNA were nearly flat. Comparing the overall mean
pre-HAART and post-HAART viral loads, there was an es-
timated decrease 6f1.0210og10 (95% CF1.35 to—0.69,

P < 0.001).

The overall pattern for CD% counts was an essentially
flat slope pre-HAART P = 0.48), followed by an increasing
slope post-HAART of an average of 4.5cells per month,
P = 0.04).

4. Discussion

came undetectable and CDH4T-cell counts rose. In both
cases, the clinical hepatitis and HBV viremia spontaneously
resolved with the reappearance of HBsAb within 4 months.
In the present study of HBV/HIV co-infected subjects, which
had nine evaluable subjects, the median €O4cell count
was 118cells/mrh In contrast to the experience reported
by Manegold et al. (2001 plasma HBV DNA increased by
1.40logy following the initiation of HAART (though not
statistically significant) and the slope of the plasma HBV
DNA was flat following HAART. In addition, among the
nine evaluable subjects, there was only one subject who had
an undetectable pre-HAART HBV viral load. This patient
subsequently developed measurable HBV DNA by TMA.

A greater breadth of information, albeit highly vari-
able, is available regarding the effect of the initiation of
HAART on HCYV viral load. Yokozaki et al. (2000yeport
their experience with 25 Japanese hemophiliacs co-infected
with HIV and HCV and a mean CD% T-cell count
above 300 cells/mfwho were treated with HAART. Six
months after the initiation of HAART, the mean HCV RNA
plasma viral load had fallen by approximately 50% from
9 x 10°eq./mL. Two subjects were observed to have de-
veloped persistently undetectable HCV RNA. Interestingly,
prior to the initiation of antiretroviral medications, there was
no correlation between CD4T-cell count and HCV viral
load, in sharp contrast to the experience of othBtdlowski
et al., 2000n Similarly, in a report from Spain, 16 subjects
whose mean CD# T-cell count rose 210 cells/mtrover

Assessed in the context of previous reports on the effectthe 12-month period following the initiation of HAART,

of HAART initiation on HBV and HCV plasma viral loads

HCV RNA plasma viral load fell a mean of 1 lggand be-

in smaller cohorts, a possible pattern emerges that may helpcame undetectable in 4 monthefez-Olmeda et al., 2000

define the interaction between HIV and hepatitis viral in-
fection in the setting of antiretroviral treatment. Subjects

identified for these analyses were very advanced with re-

spect to their HIV infection Table J. At the last visit be-
fore HAART started, the median CD4T-lymphocyte count
was 33 cells/mrfor the HCV cohort and 118 cells/mfor

the HBV cohort. Among the 32 subjects analyzed for HCV,
9 (28%) died. Among the 9 subjects analyzed for HBV,
2 (22%) died on study. Indeed, ALT, a surrogate marker

However, in a population of 12 co-infected injection drug
users (IDU) followed in Italian clinics with a mean baseline
CD4* T-cell count of 338k 93 cells/mL, HCV RNA levels
transiently rose during the first month of treatment, return-
ing to baseline by the end of the observation period of 12
weeks Puoti et al., 2000a Similarly, in a population of
20 co-infected subjects consisting of hemophiliacs (60%)
and IDU (35%) with a mean baseline Cb4-cell count

of 1194+ 118 cells/mm, HCV RNA did not change after 9

for hepatocyte injury, increased over the period of obser- months of HAART gylberberg et al., 1993
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Conversely, Ragni and Bontempo (1999eated 21
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groups. This syndrome is poorly described, but is associated

co-infected hemophiliacs in the US with a median baseline with viral reactivation in the case of Varicella Zoster Virus

CD4* T-cell count of 152 cells/mmwith HAART and ob-

and is noted for an acute inflammatory response in the case

served a 61% rise in HCV RNA at week 96. Rutschmann of Mycobacterium aviumcomplex infection $helburne
et al. reported their experience with 19 Swiss co-infected et al., 2002. In addition, HCV is known to replicate in pe-

mainly IDU subjects with a mean baseline CDZ -cell
count of 63 cells/mm (Rutschmann et al., 1998A transient
but significant rise of 0.4log HCV RNA was observed

ripheral blood lymphocytes as well as hepatocyteshjer
et al., 1996a; Laskus et al., 2000 hus, the initial rise in
HCV plasma viral load following the initiation of HAART

that returned to baseline levels after 17 weeks. In addition, therapy may relate to both the immune dysregulation associ-
the initially elevated ALT levels over baseline also returned ated with the immune reconstitution syndrome and increased
to baseline levels after 32 weeks. The confounding variable targets available for HCV infection in the extra-hepatic
of several studies was the uncontrolled effect of mode of compartment. Given the known role of the adaptive immune
HIV transmission (i.e., through intravenous contamination system in the control of HCV infectiorBattegay, 199%
versus sexual contact) and HCV genotype (types 3 and 4subsequent immune recovery and control of HCV infec-
predominate in Asian populations). No subjects in the cur- tion in patients with less advanced HIV infection would

rent report acquired HIV through infusion of contaminated
clotting factors. The rise in HCV RNA was sustained in our
cohort of very advanced AIDS subjects with CDZ-cells
of 33 cells/mni over a 9-month period of observation.

The effect of HAART on hepatitis viral load appears to

be expected, as suggested by Valdez et al. in a study of
HCV specific T-lymphocyte function in a cross section of
co-infected subjectsvaldez et al., 2000 This does not ex-
plain why patients with very advanced HIV infection would
experience persistent elevations in HCV plasma viral load

be further related to the patient’s immune state when placedfollowing the introduction of antiretroviral therapy. These
on HAART. Patients whose immune systems are partially events may be related to the impact of antiretroviral therapy

preserved at the time of HAART initiation or who rapidly

on innate immune system pathways. Whereas endogenous

reconstitute their immune system as evidenced by a sharpinterferon levels correlate with control of HCV infection

sustained rise in circulating CD4T-lymphocyte cell counts
appear to gain relative control of HCV viremia, ranging

(Cribier et al., 1996pand may impact the success of recom-
binant interferonz therapy Pirisi et al., 1997, effective

from stable viral loads to clearance of measurable HCV. HAART therapy is known to result in decreases of endoge-
Conversely, patients with advanced immunodeficiency who nous interferon leveld\ildvan et al., 1992; Kelleher et al.,
have a temporary or partial response to HAART are noted 1997. In this setting, HAART may disrupt host immune
to have persistently elevated HCV plasma viral loads, as in response to HCV at the level of cytokine interaction and
the case of the present study. Indeed, in the present studyjnnate immune system mechanisms that potentially would

there was only a decrease of 1.02lg@n HIV-RNA with

play a more vital role in patients with advanced HIV disease

an essentially flat slope post-HAART that was accompanied and little measurable HCV specific T-lymphocyte function.

by an increase in CD# T-lymphocyte count of 4.5 cells/

With questions like these being raised, further study into

mm? per month. As mentioned above, an intention to treat the interaction between HIV and hepatitis viruses is war-
approach was taken in classifying subjects into the HAART ranted to better understand the immunopathogenesis of these
treatment group by analyzing all subjects who were initiated viruses and the effect of HAART therapy on hepatitis virus

with HAART as though they were maintained on therapy.

disease progression or control. While the clinical signif-

This contrasts with the other studies where only subjects icance of plasma viral load elevations remains uncertain
continuing therapy were maintained in the analysis. This hy- (Rosenberg, 20Qlimportant questions of viral-viral inter-

pothesis is consistent with the findings frdbhung et al.
(2002)that monitored the HCV plasma viral load following
the institution of HAART in several clinical trials spanning
a broad range of initial CD% T-cell counts. The analysis
included observations of 100 HCV/HIV co-infected individ-
uals. While the mean entry CD4T-cell count was between
243 and 424 cells/mfin the studies included in the anal-

ysis, subjects’ HCV plasma viral load increased 0.43 and

0.591ogo IU/mL at weeks 16 and 48 for baseline Cb4
T-cell counts<350 cells/mm, but only 0.26 and 0.1 lag
IU/mL at weeks 16 and 48 for baseline CDZ-cell counts
>350 cells/mm.

actions are raised that could have clinical implications. Our
data, however, begin to address the issue of when antiviral
therapies should be initiated. For a patient population such
as ours with advanced HIV disease, antiviral therapy for
HBV and HCV (when new agents become available) should
be initiated simultaneously or prior to antiretroviral therapy.
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Appendix A

Clinical sites

Case Western Reserve University, Cleveland, OH (NO1-HB-57115): Michael Lederman, MD; Roslyn Yomtovian, MD;
Michael Chance, RN; Donna Hendrix, RN

Georgetown University, Washington, DC (NO1-HB-57116): Princy N. Kumar, MD; S. Gerald Sandler, MD; Karyn
Hawkins, RN

Miriam Hospital/Brown University, Providence, Rl (NO1-HB-57117): Timothy P. Flanigan, MD; Joseph Sweeney, MD;
Maria D. Mileno, MD; Melissa Di Spigno, RN; Michelle Dupuis, MT (SSB)

Mt. Sinai School of Medicine, New York, NY (NO1-HB-57118): Henry S. Sacks, PhD, MD; Kala Mohandas, MD; Frances
R. Wallach, MD; Letty Mintz, ANP

Ohio State University, Columbus, OH (NO1-HB-57119): Michael F. Para, MD; Melanie S. Kennedy, MD; Jane Russell, RN;
Dave Krugh, MT

University of California, San Diego, CA (N01-HB-57120): Thomas A. Lane, MD; W. Christopher Mathews, MD; Peggy
Mollen-Rabwin, RN

University of California, San Francisco, CA (N01-HB-57121): Edward L. Murphy, MD, MPH; Steven G. Deeks, MD;
Maurene Viele, MD; Chaolun Han, MD; Joanne Moore, MT (ASCP) SBB

University of North Carolina, Chapel Hill, NC (N01-HB-57122, RR00046): Charles van der Horst, MD; Meera Kelley, MD;
Mark E. Brecher, MD; Linh Ngo, FNP

University of Pittsburgh, Pittsburgh, PA (NO1-HB-57123): John W. Mellors, MD; Darrell J. Triulzi, MD; Deborah K.
McMahon, MD; Sharon Riddler, MD

University of Texas Medical Branch, Galveston, TX (NO1-HB-57124): Richard B. Pollard, MD; David M. Asmuth, MD;
Janice Curry, PA-C; Gerald Shulman, MD

University of Washington/Puget Sound Blood Center, Seattle, WA (NO1-HB-57125): Ann Collier, MD; Terry Gernsheimer,
MD; Dee Townsend-McCall, RN; Jill Corson, RN

Central laboratory
Blood Centers of the Pacific, San Francisco, CA (N01-HB-57126): Michael P. Busch, MD, PhD; Tzong-Hae Lee, MD, PhD;
W. Lawrence Drew, MD, PhD (UCSF Mt. Zion Medical Center, San Francisco); Megan Laycock

Coordinating center

New England Research Institutes, Watertown, MA (NO1-HB-57127): Leslie A. Kalish, ScD; Susan F. Assmann, PhD; Jane
D. Carrington, RN, BS; Margot S. Kruskall, MD (Beth Israel Deaconess Medical Center, Harvard Medical School,
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