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Objectives

Upon Completion of this program, the participant will be able to:

3. State the special considerations in caring for the HIV/HCV co-
infected patient

4. Describe the emerging therapeutic options available for HCV 
treatment
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HIV / HCV co-infection is double trouble

For HCV, compared to HIV-negative individuals, those with HIV suffer 
from:

1. Higher rates of persistence (lower rates of spontaneous clearance)

2. Accelerated rate of fibrosis, higher rates of cirrhosis

3. Higher rates of decompensation & higher liver-related mortality 

4. Higher viral titers and lower rates of response to therapy

Challenge 1: Prevention & Screening

Problem: Higher rates of persistence (lower rates of spontaneous clearance)

Key challenges:

• Prevention: Decreasing risky behaviors, reducing harm

• Vaccines:  Developing immunity that can prevent infection or enhance 
clearance 

• Diagnosis: Identifying infection that is asymptomatic or minimally 
symptomatic 

A tale of two viruses

HCV
Blood > Sex
Targets hepatocytes
Decades to clinical illness
High levels of viremia

10^12 particles/day
Low fidelity of RNA-RNA 
polymerase
Frequently mutates

HIV
Sex > Blood
Targets immune cells
Years to clinical illness
High levels of viremia
      10^9 particles/day

Low fidelity of reverse 
transcriptase
Frequently mutates 

HCV Sequence Diversity Relative to 
Hepatitis B and HIV

Courtesy Stuart Ray, JHU
Ray SC, Thomas DL. In: Mandell GL, Bennett JE, Dolin R, editors. Mandell, Douglas, and 

Bennett’s principles and practice of infectious diseases, 7th ed. Philadelphia, PA: Churchill 
Livingstone/Elsevier; 2010.



Worldwide genotype distribution A tale of two viruses

HCV
Blood > Sex
Targets hepatocytes
Decades to clinical illness
High levels of viremia

10^12 particles/day
Low fidelity of RNA-RNA 
polymerase
Frequently mutates

HIV
Sex > Blood
Targets immune cells
Years to clinical illness
High levels of viremia
      10^9 particles/day

Low fidelity of reverse 
transcriptase
Frequently mutates 

Usual scenario for HCV/HIV co-infection

HCV is more transmissible via bloodborne than sexual exposure

amount following HIV-1 infection and more rapidly than
in those who remained HIV-1 negative.102 This increase
occurred before CD4! T-cell numbers began to decline
significantly, so other early effects on the immune system
mediated by HIV-1 infection might be responsible for
higher hepatitis C viremia in coinfected individuals. Later,
as peripheral CD4! cells counts decline, there could be a
loss of HCV-specific antibody responses103,104 as well as
functional HCV-specific CD8! T-cell responses.105,106 How-
ever, HCV-specific CD4! and CD8! T cells, as currently
measured, might not be linked to the viral set point. This
is because HCV-specific T-cell responses are already sig-
nificantly reduced in patients with chronic HCV and the
magnitude of the specific immune responses against
HCV in patients in the chronic phase does not correlate
with viral load. The lack of correlation may relate to
difficulties in measuring immune function at the site of
infection (the hepatocyte), because most studies have
relied on measurements either on intrahepatic lympho-
cytes that were expanded in vitro or on peripheral blood
mononuclear cells. Ultimately, the basis for the magni-

tude of the HCV titer set point in each patient with a
chronic infection is unknown107; it is likely to be related
to contributions from the innate and adaptive immune
systems, which in the case of coinfection are then mod-
ulated by many factors, including both HIV-1 and ag-
ing.108,109 Further investigations understanding the per-
turbations induced by HIV-1 infection will improve our
understanding of the mechanisms that lead to the high
viral titers in coinfected patients, an issue of prime im-
portance because these affect responsiveness to IFN-
based treatments.2

HIV-1 Then HCV: HCV Transmission in
HIV-1–Infected Men Who Have Sex With
Men
Transmission of HCV is far less efficient via sexual

exposure than via blood-borne exposure, whereas HIV-1
is adapted to cross the mucosa found at genital and rectal
surfaces. Thus, the prevalence of HCV is far lower among
those who become infected with HIV-1 by sexual risk
behaviors than blood-borne exposure.110 Numerous out-

Figure 2. Influence of the order
of infection promoting the persis-
tence of HCV in the setting of
HIV-1 coinfection. Uninfected in-
dividuals are represented in gray,
HCV antibody–positive individuals
in blue, HIV-1 antibody–positive
individuals in red, and dually HCV/
HIV-1 antibody–positive individu-
als in purple. (A) Most blood-
borne exposures result in HCV
infection well before HIV-1. The
usual outcome is chronicity, rep-
resented in the first line. HCV titers
become progressively higher after
HIV-1 seroconversion. The sec-
ond line represents the situation
where protective immunity is gen-
erated. Progressive HIV-1 infec-
tion, signified by progressive CD4
T-cell dysfunction and depletion,
may abrogate this protective im-
munity. When rechallenged with
HCV, the likely outcome is chro-
nicity. The third line represents a
situation where HCV is cleared and
HIV-1 is never contracted, and thus
protective immunity is preserved.
(B) When HIV-1 precedes HCV in-
fection, the generation of protective
immunity may be primarily im-
paired, thus resulting in a greater
likelihood of persistent outcome.
Together, this schematic may help
to explain why there are higher per-
sistence rates in coinfected individ-
uals compared with mono-infected
individuals.
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Rules of 3: risk after needlestick

HBV 30%

HCV 3% (~1-2%)

HIV 0.3%

Infectivity of JFH-1 strain of HCV in 
syringes

Paintisil et al. J Infect Dis 2010;202(7):984–990

Likelihood of HCV infection: duration of 
IDU

Hagan et al. Am J Epidemiol 2008; 167:1099
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be migrants, and excluded. Based on sampling probabilities it is
highly unlikely that any participants took part in both studies.

Cohort-specific prevalence rates for HCV were calculated for
each governorate and then combined to reflect cohort-specific
prevalence in the previously mentioned four regions. Cohort-
specific HCV prevalence curves were smoothed by a 5-year sliding
average to account for labelling bias towards ‘even’ ages, and then
compared to cohort-specific PAT exposure Erc in the four regions.

Statistical analysis
To assess whether there was a statistically significant association
between cohort exposure in each governate and cohort-specific
prevalence rates, a logistic-regression model was fit. In addition to
including a term for the exposure index, the model included a
separate measurement for each 2-year age-group within each
region. Thus, the measurement that related to the exposure index
in the model quantifies the degree to which the exposure index
explains the variation in age-specific prevalence rates between
governorates within regions. The model also contained a term to
account for the possibility of over-dispersion of the governorate-
specific prevalence rates.

Since we expected that HBV would have been transmitted by
PAT, at least equally as well as HCV, we compared cohort-specific
HBV and HCV antibody prevalence rates in two study B
governorates: Cairo (urban) and Sohag (rural).

Results
Figure 2 describes the use of PAT in community health
centres between 1961 and 1986. The data show the
dominance of PAT with tartar emetic in Egypt while
intramuscular antimony-based drugs, like stibophen and
stibocaptate, had little effect on the overall treatment effort.
Between 1964 and 1982 more than 2 million PAT
injections per year were given to an average of 250 000
patients. Between 1966 and 1969 more than 3 million
injection doses were annually administered, over 96% were
tartar emetic given intravenously. In the 1960s the number
of injections per patient, averaged over the whole treatment
effort, was nine. After 1975 it dropped to six and fewer.

After the exclusion of migrants and combination of the
samples from studies A and B, HCV prevalence was
calculated for the combined sample of 8499 Egyptians
between the ages of 10 and 50 years living in the
governorates being assessed (figure 3). Overall
age-adjusted prevalence of antibodies to HCV was 21·9%
(95% CI 21·0–22·8). Prevalence was lowest in long-term
residents of Cairo (8·2%) and Alexandria (5·9%). In the
rural regions, prevalence was relatively low in Upper Egypt
(19·4%), intermediate in Middle Egypt (26·5%),
and highest in Lower Egypt (28·4%). Women had a similar
or slightly lower prevalence of antibodies to HCV than men.

The smoothed age prevalence curves of the three regions
and two city governorates (figure 4) show a progressive rise
in prevalence of HCV to high rates in those people in age-
groups over 20 years. In Lower Egypt, prevalence among
people who were 40–50-years of age reaches 50–55%. The
same age-group shows rates of 40–50% in Middle Egypt
and 35–40% in Upper Egypt. Among young Egyptians, no
clear pattern for prevalence by age is visible. At certain
points between the ages of 15 and 24 years, however,
prevalence starts to rise steeply in all regions.

Figure 5 compares regional cohort-specific prevalence of
antibodies to HCV to regional cohort-specific exposure index
values for the age cohorts that include people aged 5 to 40
years, and suggests that the variation in seroprevalence of
antibodies to HCV between regions might be explained by
PAT exposure. In addition, by means of logistic regression,
we assessed the degree to which the exposure index explained
variations in prevalence rates between governorates within
regions. Fitting a model that controlled for region and age,
we found a significant association between seroprevalence of
antibodies to HCV and the exposure index with an odds ratio
of 1·31 (95% CI 1·08–1·59; p=0·007). According to this
model, for any given age-group and region, if the exposure
index of one governate was 100 points higher than that of
another, the prevalence of antibody to HCV was 31%
greater. In both the governorates selected for assessment, the
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PAT in lower
Egypt only†
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Year

Oral (with metrifonate, niridazole)
Intramuscular PAT (with stibocaptate)
Intravenous PAT (with tar tar emetic)
Average number of injections per PAT patient

Figure 2: Number of patients treated with antischistosomal
treatment by community health centres in Egypt 1961–86
*Treatment with praziquantel started in 1982. Data on treatment withthis oral drug was not available for this graph. †After 1977 use of PATwas virtually confined to the governorates of Lower Egypt, while
governorates upriver with predominantly S haematobium infections
switched to oral drugs. Endemic disease units represent only one part ofthe effort to control schistosomiasis. Thus, these numbers only reflect arepresentative part of the entire treatment effort.
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Figure 3: Age-adjusted prevalences of antibody to HCV for the
population between 10 and 50 years of age*
Prevalence is age-adjusted to the 1960 Egyptian population24 between theages of 10 and 50 years. *Lower Egypt: governorates Kafr el Sheik,
Gharbia, Menoufia, Damietta, Dahkalia, Qaulioubia, Behira, and Sharkia.†Middle Egypt: governorates Giza, Fayoum, Beni Sweif, Menya. ‡UpperEgypt: governorates Assiut, Sohag, Quena, Aswan.



The prevalence of HCV in Egypt is >10%

be migrants, and excluded. Based on sampling probabilities it is
highly unlikely that any participants took part in both studies.

Cohort-specific prevalence rates for HCV were calculated for
each governorate and then combined to reflect cohort-specific
prevalence in the previously mentioned four regions. Cohort-
specific HCV prevalence curves were smoothed by a 5-year sliding
average to account for labelling bias towards ‘even’ ages, and then
compared to cohort-specific PAT exposure Erc in the four regions.

Statistical analysis
To assess whether there was a statistically significant association
between cohort exposure in each governate and cohort-specific
prevalence rates, a logistic-regression model was fit. In addition to
including a term for the exposure index, the model included a
separate measurement for each 2-year age-group within each
region. Thus, the measurement that related to the exposure index
in the model quantifies the degree to which the exposure index
explains the variation in age-specific prevalence rates between
governorates within regions. The model also contained a term to
account for the possibility of over-dispersion of the governorate-
specific prevalence rates.

Since we expected that HBV would have been transmitted by
PAT, at least equally as well as HCV, we compared cohort-specific
HBV and HCV antibody prevalence rates in two study B
governorates: Cairo (urban) and Sohag (rural).

Results
Figure 2 describes the use of PAT in community health
centres between 1961 and 1986. The data show the
dominance of PAT with tartar emetic in Egypt while
intramuscular antimony-based drugs, like stibophen and
stibocaptate, had little effect on the overall treatment effort.
Between 1964 and 1982 more than 2 million PAT
injections per year were given to an average of 250 000
patients. Between 1966 and 1969 more than 3 million
injection doses were annually administered, over 96% were
tartar emetic given intravenously. In the 1960s the number
of injections per patient, averaged over the whole treatment
effort, was nine. After 1975 it dropped to six and fewer.

After the exclusion of migrants and combination of the
samples from studies A and B, HCV prevalence was
calculated for the combined sample of 8499 Egyptians
between the ages of 10 and 50 years living in the
governorates being assessed (figure 3). Overall
age-adjusted prevalence of antibodies to HCV was 21·9%
(95% CI 21·0–22·8). Prevalence was lowest in long-term
residents of Cairo (8·2%) and Alexandria (5·9%). In the
rural regions, prevalence was relatively low in Upper Egypt
(19·4%), intermediate in Middle Egypt (26·5%),
and highest in Lower Egypt (28·4%). Women had a similar
or slightly lower prevalence of antibodies to HCV than men.

The smoothed age prevalence curves of the three regions
and two city governorates (figure 4) show a progressive rise
in prevalence of HCV to high rates in those people in age-
groups over 20 years. In Lower Egypt, prevalence among
people who were 40–50-years of age reaches 50–55%. The
same age-group shows rates of 40–50% in Middle Egypt
and 35–40% in Upper Egypt. Among young Egyptians, no
clear pattern for prevalence by age is visible. At certain
points between the ages of 15 and 24 years, however,
prevalence starts to rise steeply in all regions.

Figure 5 compares regional cohort-specific prevalence of
antibodies to HCV to regional cohort-specific exposure index
values for the age cohorts that include people aged 5 to 40
years, and suggests that the variation in seroprevalence of
antibodies to HCV between regions might be explained by
PAT exposure. In addition, by means of logistic regression,
we assessed the degree to which the exposure index explained
variations in prevalence rates between governorates within
regions. Fitting a model that controlled for region and age,
we found a significant association between seroprevalence of
antibodies to HCV and the exposure index with an odds ratio
of 1·31 (95% CI 1·08–1·59; p=0·007). According to this
model, for any given age-group and region, if the exposure
index of one governate was 100 points higher than that of
another, the prevalence of antibody to HCV was 31%
greater. In both the governorates selected for assessment, the
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Figure 2: Number of patients treated with antischistosomal
treatment by community health centres in Egypt 1961–86
*Treatment with praziquantel started in 1982. Data on treatment with
this oral drug was not available for this graph. †After 1977 use of PAT
was virtually confined to the governorates of Lower Egypt, while
governorates upriver with predominantly S haematobium infections
switched to oral drugs. Endemic disease units represent only one part of
the effort to control schistosomiasis. Thus, these numbers only reflect a
representative part of the entire treatment effort.
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Figure 3: Age-adjusted prevalences of antibody to HCV for the
population between 10 and 50 years of age*
Prevalence is age-adjusted to the 1960 Egyptian population24 between the
ages of 10 and 50 years. *Lower Egypt: governorates Kafr el Sheik,
Gharbia, Menoufia, Damietta, Dahkalia, Qaulioubia, Behira, and Sharkia.
†Middle Egypt: governorates Giza, Fayoum, Beni Sweif, Menya. ‡Upper
Egypt: governorates Assiut, Sohag, Quena, Aswan.

Frank et al. Lancet 2000 

age-specific prevalence of antibody to HBc was consistently
higher than the prevalence of antibody to HCV (figure 6).

Discussion
The rate and geographical pattern of prevalence of
antibodies to HCV in Egypt confirm the high prevalence
and its distribution reported in previous studies.1,3,6 This
pattern corresponds to the distribution of schistosomiasis in
this century.25 Whereas Lower Egypt has always had high
rates of schistosomal infection, prevalence in Middle and
Upper Egypt increased only as a result of conversion from
basin to perennial irrigation. City dwellers have always had
lower rates of schistosomiasis.

The comparison of age-specific prevalence and exposure
index (figure 5) has shown a strong association between the
two factors beyond the increase of HCV prevalence with age
in any population, supporting the hypothesis that PAT was
important in establishing a large reservoir of HCV in Egypt.
In Middle and Upper Egypt, PAT was replaced by oral
drugs in the mid- to late-1970s. In Alexandria, use of PAT
was stopped as soon as praziquantel became available in
1982. In surrounding Lower Egypt, some use of PAT
continued into the mid-1980s. Stopping the use of PAT, as
reflected by the foot of the exposure index curve and the
subsequent rise in exposure with every age cohort, is closely
mirrored by a steep increase in prevalence of antibody to
HCV in the four regions. In the most extreme case, Lower
Egypt, only age cohorts containing children younger than
15 years were not exposed to PAT at all. In PAT-exposed
people aged 15 years and older, prevalence of antibodies to
HCV rises in unison with the exposure index value. The
results of the regression analysis confirm the strong
association between exposure index and HCV prevalence
by age, even when adjusted for the effects of age and region.

An example of how easily HCV could have infected so many
individuals during PAT campaigns is shown by excerpts from a
WHO report:20 “Patients are grouped according to weight and
appropriate dose and are lined up in queues for admission in
turn for injection . . . The stranger to mass therapy with Tartar
Emetic is certainly to be confounded by the speed and
apparent safety of the administration of the drug. . . . The
skilful doctor began injecting at 9.20 am and completed 504
injections of men, women and children by 10.10 am. Allowing
for a 10-min rest, the time taken for each injection was thus just
under 5 s. . . . This remarkable performance is being repeated
at various tempos all over Egypt . . .” and “The used syringe is
placed in an ‘out’ tray, from which it is taken by the nurse,
washed through and boiled for a minute or two. As soon as the
syringe is cold, it is filled with a volume of the drug solution. . .
It is then placed in the ‘in’ tray. . . . There are usually 20 to 30
syringes in rotation.”

The hypothesis that sterilisation procedures for PAT
were responsible for HCV transmission is further
supported by the HBV test results. If parenteral therapy
against schistosomiasis was a major factor spreading HCV
and both viruses were present in the population during
mass treatment campaigns, one would expect to see even
higher rates of prevalence of antibodies to HBc, as HBV is
more infectious than HCV. Such a pattern has been found
by Darwish and colleagues5 in a village in Qualioubia.
Sherif and colleagues26 have also previously reported high
rates of antibody to HBV in Egypt. 

However, one would not predict as strong a correlation
between HBV prevalence by age and exposure to PAT as
for HCV, since HBV is more easily transmited sexually and
vertically from mother to infant than HCV. As expected,
our study shows that prevalence of antibody to HBc by age
is consistently higher than that for antibody HCV in the
two test governorates in which this was assessed (figure 6). 

The data support the hypothesis that nationwide
schistomiasis control campaigns using PAT spread HCV
(and probably HBV) throughout Egypt over the course of
decades. Whereas other countries have also used injection
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were incomplete, both regional prevalence and exposure depicted here
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Correlation of HCV prevalence
to exposure to parenteral 
antischistosomal therapy

Frank et al. Lancet 2000
Jordan Acta Tropica 2000 

Lining up for tartar emetic to treat bilharzia, upper Nile

Injections/parenteral therapies in 
medicine - rise in 20th century
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Frequent patient-to-patient transmission of hepatitis C virus in a
haematology ward

Summary
Blood transfusion is a well-documented route of

transmission of hepatitis C virus (HCV). However, a

persisting high frequency of HCV infections was recorded in
our haematology ward even after screening of blood donors
had been introduced. We investigated the viral strains in

37 patients with haematological malignant diseases who
had developed hepatitis C when treated in the ward during
1990-93.
17 of the patients acquired hepatitis C despite being

transfused only with blood components screened by
second-generation anti-HCV tests. The viral strains were

characterised by PCR genotyping and nucleotide

sequencing of the hypervariable region of the E2 gene. Five
clusters of closely related or identical viruses were found
involving 2, 3, 4, 6, and 15 patients, respectively. Blood
components could be ruled out as the common source of
infection because no donor had given blood to all patients
sharing a specific strain, and even donors whose blood had
been given to several patients were negative for HCV RNA.
All patients in each cluster had been treated in the ward

during overlapping periods.
These findings suggest that despite strict hygienic

control, HCV transmission occurred between patients
treated in the same hospital setting, as has previously
been reported in a smaller group of haemodialysis patients.

Lancet 1995, 345: 603-07

See Commentary page 599
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Introduction
Infection with hepatitis C virus (HCV) remains a

substantial clinical problem, although control of the

spread of this pathogen has been made possible with the
identification of the virus and development of detection
assays.l,2 Most reported cases of HCV infection have been
associated with intravenous drug abuse or administration
of blood products; much smaller numbers are associated
with sexual or vertical transmission. For many cases,

however, no source of infection can be established.3 Acute
HCV infection is usually symptomless and is rarely
noticed if aminotransferase monitoring or HCV tests are
not done. We have described transmission of HCV
infection between patients treated in a dialysis unit.4 A
single strain of virus had apparently been transmitted to 5
patients who were treated in the same room on repeated
occasions, but who did not share haemodialysis machines.
Blood transfusions were thought to be the most likely
means of HCV transmission. When our molecular

analyses contradicted this assumption, the possibility that
non-transfusion-associated transmission may go
unnoticed, particularly among patients subjected to

transfusions, was raised.
We have also described how HCV infection remains a

substantial clinical problem among patients treated in a
haematology ward, despite the obvious risk reduction by
anti-HCV testing of blood donors.5 These patients
undergo many percutaneous therapeutic procedures and
have both disease-associated and iatrogenic immuno-
suppression, which may facilitate the transmission of
HCV.
To investigate whether some of the HCV cases in this

haematology ward can be explained by routes other than
transfusion, we analysed the viral strains by genotyping
with PCR and nucleic acid sequencing of the most
variable region of the HCV genome. The possible
existence of common blood donors was investigated.
Initially we studied 17 patients infected with HCV during
treatment in the ward even though they received only
blood components screened with a second-generation
anti-HCV assay. We then examined all 37 patients with
onset of hepatitis C in 1990-93.

Patients and methods
35 of the 37 patients had been treated with cytostatic drugs
because of haematological malignant disorders (acute myelocytic
leukaemia 17, acute lymphocytic leukaemia 6, chronic myelocytic
leukaemia 7, Hodgkin’s disease 2, high-grade malignant
lymphoma 2, myelodysplastic syndrome 1). The other 2 patients
were being treated for severe aplastic anaemia. All but 1 had
received erythrocyte concentrates or single-donor platelet
transfusions, and 17 had received only blood components found
to be negative with a second-generation anti-HCV assay. None
had received intravenous immunoglobulin preparations. All

patients had normal serum aminotransferase concentrations and
no HCV antibodies detectable in serum when admitted to the

Cossart Lancet 1982
Mitsui Hepatology 1992
Allender Lancet 1995
Esteban NEJM 1996
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Occasional Survey

POST-TRANSFUSION HEPATITIS IN AUSTRALIA

Report of the Australian Red Cross Study

Y. E. COSSART S. KIRSCH
S. L. ISMAY

Department of Bacteriology, University of Sydney and
New South Wales Blood Transfusion Service, Sydney,

New South Wales, Australia

Summary Post-transfusion hepatitis developed in 2%
of 842 cardiac-surgery patients surveyed in

Sydney (4 cases per 1000 units of transfused blood). 3 of the
18 cases were caused by hepatitis B virus even though all units
of blood which contained hepatitis B surface antigen
(HBsAg) had been rejected. 1 case was caused by
cytomegalovirus, and there were 14 (78%) cases of non-A,
non-B hepatitis. A significantly higher proportion of the units
of blood given to the patients in whom non-A, non-B hepatitis
developed contained antibodies against both hepatitis B core
antigen and HBsAg than the units of blood given to the other
patients. Rejection of blood with these markers of past
exposure to hepatitis B may reduce the incidence of post-
transfusion non-A, non-B hepatitis by up to a half.

INTRODUCTION

ROUTINE testing of blood donations for hepatitis B surface
antigen (HBsAg) was instituted in Australia in 1970.
Radioimmunoassay (RIA) supplanted testing by counter-
current electrophoresis and passive haemagglutination in
1976, and 0 - .06% of blood donations are now rejected because
of a positive RIA result. Exclusion of donors who have been
jaundiced within the previous 2 years is the only other
measure used to prevent post-transfusion hepatitis.
When HBsAg screening became mandatory in the U.S.A.

the prevalence of hepatitis after transfusion of blood from
unpaid volunteer donors fell to about 4% among cardiac-
surgery patients,1 and the proportion of cases caused by
hepatitis B virus also fell, so that now about 90% of cases are
anicteric and show no serological evidence of hepatitis A or
B.2 The epidemiology of non-A, non-B hepatitis is thought to
resemble that of hepatitis B, but is is not known whether
countries such as Australia, with a very low hepatitis-B-
carrier rate, also have a low prevalence of non-A, non-B
hepatitis.
Although rejection of HBsAg-positive blood donations

prevents many cases of hepatitis B, there have been several
well-documented instances of transmission of hepatitis B by
blood which was HBsAg negative but contained antibody to
hepatitis B core antigen (anti-HBc). It is not clear whether all
units of anti-HBc-positive blood are infective or whether the
proportion that is infective bears a constant relation to the
overall HBsAg-carrier rate. It is difficult to decide whether
testing for anti-HBc would prove cost-effective for the
transfusion service.

PATIENTS AND METHODS

Patients

The study began in January, 1979, and the last patient was
admitted to the study in December, 1980. Patients were interviewed

TABLE I-POST-TRANSFUSION HEPATITIS STUDY PATIENTS

RPA=Royal Prince Alfred Hospital; St V=St Vincent’s Hospital.

soon after admission to the cardiac-surgery units at Royal Prince
Alfred and St Vincent’s Hospitals and invited to participate in the
study. If they agreed, a specific hepatitis history was taken, and a
preoperative blood sample was obtained. The composition of the
study group is shown in table i.
All the packs and bottles which had contained material transfused

to a patient at operation and in the recovery wards were placed in a
container labelled with the patient’s name. The used packs and
bottles were collected daily and checked against the transfusion
records. Any further blood needed was made up from material held
by the blood group serology laboratories. Blood samples were taken
from each patient 2, 4, 8, 12, 16, and 24 weeks after operation.
Serum bilirubin, aspartate transaminase (AST), and alanine
transaminase (ALT) levels were measured locally before the
specimens were sent to the hepatitis serology laboratory. First
(preoperative) and last (24-week) samples from each patient were
tested for HBsAg, anti-HBs, anti-HBc, and hepatitis A antibody
(anti-HAV). First samples were tested for cytomegalovirus antibody
(anti-CMV), and first and last samples from patients who were
negative preoperatively were retested for anti-CMV. All the
samples of blood and plasma were stored at -20&deg;C.

Laboratory Methods
Biochemistry.-Serum transaminase levels were measured with

automatic methods (Technicon ’S.M.A.C.’ or Union Carbide
’Centrifichem’).
Hepatitis B serology.-The same methods were used to test both

the patients’ serum samples and the material from transfusion.
HBsAg and anti-HBs were measured with commercial RIA
(’Ausria’ and ’Ausab’, Abbott, North Chicago, Illinois). Anti-HBc
was measured with two methods. Patients’ serum samples were
tested both with commercial RIA (’Corab’, Abbott) and with
countercurrent electrophoresis;4 cores extracted from liver were
used as antigen. Material for transfusion was tested with the latter
method only. Hepatitis B e antigen (HBeAg) and antibodies against
e antigen were measured by both gel diffusion and radio-
immunoassay (Abbott).

Hepatitis A antibody was measured with commercial RIA
(’Havab’, Abbott).
Anti-CMV was measured by means of complement fixation with

antigen supplied by Behring, Marburg.
Infectious mononucleosis.-’Cellognost’ (Behring) was used to

demonstrate heterophile antibody.

Diagnosis of Hepatitis
The serum transaminase levels were regarded as the best

indicators of liver damage. If either transaminase level was higher
than 2 - 5 times the upper limit of the normal range (i.e., AST greater
than 150 U/l, ALT greater than 88 U/1, second sample of blood was
obtained between 1 and 2 weeks later. If the result was still higher
than normal the patient was assessed clinically, and further blood
samples were obtained approximately every 2 weeks until the
transaminase levels were normal on three successive occasions. As
the study progressed we decided not to recall patients immediately if
their 2-week follow-up sample was abnormal but to rely on the
4-week sample for verification of the result.

Patients whose transaminase levels were raised on two successive
occasions were classified as having post-transfusion hepatitis if
there was no obvious alternative diagnosis.
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Abstract

 

Background.

 

In the course of a study con-
ducted from 1992 through 1994 of the efficacy of screen-
ing blood donors for antibodies to hepatitis C virus (HCV),
we found that two patients had acquired hepatitis C after
cardiac surgery, with the transmission apparently unrelat-
ed to blood transfusions. Because their surgeon had
chronic hepatitis C, we sought to determine whether he
was transmitting the virus to his patients.

 

Methods.

 

Of 222 of the surgeon’s patients who par-
ticipated in studies of post-transfusion hepatitis between
1988 and 1994, 6 contracted postoperative hepatitis C,
despite the use of only seronegative blood for transfu-
sions. All six patients had undergone valve-replacement
surgery. Analyses were performed to compare nucleotide
sequences encompassing the hypervariable region at the
junction between the coding regions for envelope glyco-
proteins E1 and E2 in the surgeon, the patients, and 10
controls infected with the same HCV genotype.

 

Results.

 

The surgeon and five of the six patients with

hepatitis C unrelated to transfusion were infected with
HCV genotype 3; the sixth patient had genotype 1 and was
considered to have been infected from another source.
Thirteen other patients of the surgeon had transfusion-
associated hepatitis C and were also infected with geno-
type 1. The average net genetic distance between the se-
quences from the five patients with HCV genotype 3 and
those from the surgeon was 2.1 percent (range, 1.1 to 2.5
percent; P

 

!

 

0.001), as compared with an average distance
of 7.6 percent (range, 6.1 to 8.3 percent) between the se-
quences from the patients and those from the controls.
The results of a phylogenetic-tree analysis indicated a
common epidemiologic origin of the viruses from the sur-
geon and the five patients.

 

Conclusions.

 

Our findings provide evidence that a
cardiac surgeon with chronic hepatitis C may have trans-
mitted HCV to five of his patients during open-heart sur-
gery. (N Engl J Med 1996;334:555-60.)
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CREENING of blood donors for antibodies to hepa-
titis C virus (HCV) has reduced the incidence of

transfusion-associated hepatitis C. Use of the first en-
zyme immunoassays for screening was associated with
an 80 percent reduction in the risk of infection among
transfusion recipients in several retrospective

 

1,2

 

 and
prospective

 

3,4

 

 studies. A further reduction in the risk is
anticipated with newer enzyme immunoassays for anti-
bodies to HCV.

 

1,4,5

 

 Some studies

 

6-8

 

 have found no HCV
infections among recipients of blood screened with these
second-generation enzyme immunoassays.

During a prospective investigation of the efficacy of
second-generation immunoassays for HCV antibodies
in preventing post-transfusion hepatitis C, we identified
two patients who had contracted acute hepatitis C six
to eight weeks after open-heart surgery. Repeated sero-
logic and virologic testing of the donors of blood given
to these patients failed to identify any with HCV in-
fection. Further epidemiologic investigation linked both
cases to a cardiac surgeon known to have chronic hep-
atitis C. We report epidemiologic and molecular evi-
dence that this surgeon may have transmitted HCV to
at least five patients between 1988 and 1993.

 

M

 

ETHODS

 

Identification of Former Patients of the Surgeon

 

As part of the Barcelona Post-Transfusion Hepatitis Study,

 

4,9

 

 we
conducted two consecutive, prospective studies between 1988 and

1990 involving 525 patients undergoing cardiac surgery. For 7 of 30
patients with postoperative hepatitis C, retrospective immunoassays
for HCV antibodies in all sets of blood units used for transfusions
failed to identify any seropositive units. All but one of the seven pa-
tients underwent surgery at the same institution. During another
study of HCV screening for patients undergoing heart surgery, con-
ducted between 1992 and 1994, two additional patients with hepatitis
C unrelated to transfusions were identified; their surgeon had chron-
ic hepatitis C. All former patients of this surgeon who participated in
the two studies were identified. The surgeon’s operative logs for the
years 1988 through 1994 were reviewed and cross-matched with the
lists of participants in the three studies who had completed six
months of follow-up. The study protocol was reviewed and approved
by the bioethics committee of Hospital General Universitari Vall
d’Hebron.

 

Detection, Titration, Genotyping, and Sequencing
of HCV RNA

 

Nucleic acids were extracted from plasma or serum and tested for
HCV RNA by the polymerase chain reaction (PCR) with the use of
a commercial detection kit (Amplicor HCV, Roche Molecular Diag-
nostic Systems, Branchburg, N. J.).

 

10

 

 Quantitation of HCV RNA was
performed with a commercial branched-chain–DNA signal-amplifica-
tion assay (Quantiplex HCV, Chiron, Emeryville, Calif.).

 

11

 

 
We determined the HCV genotype in samples from the surgeon, all

his former patients who had contracted hepatitis C and their cor-
responding HCV-infected blood donors, and a group of 150 consecu-
tive blood donors in Barcelona who were positive for HCV antibodies.
Genotyping was performed with a commercial probe-hybridization
assay (InnoLipa HCV, Innogenetics, Ghent, Belgium), which has
been shown to identify accurately HCV genotypes 1 through 6,

 

12

 

 ac-
cording to the classification proposed by Simmonds et al.

 

13

 

 
A sequence analysis was performed with 188-nucleotide fragments

encompassing the first hypervariable region (HVR-1) at the junction
between the coding regions for envelope glycoproteins E1 and E2
(Fig. 1) in viral isolates from the surgeon, the five patients infected
with HCV genotype 3, and the five blood donors infected with HCV
genotype 3 from whom sufficient samples were available. The frag-
ments were amplified by PCR with the use of primers developed on
the basis of published sequences.
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 The PCR products were cloned
and sequenced as previously described.

 

15

 

 Two to five clones were se-
quenced from each sample. The E1–E2 fragment was chosen for se-
quence analysis because the HVR-1 domain exhibits a sufficiently
high degree of variability to distinguish between HCV isolates of the
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Hepatitis C Virus Infection in Medical Personnel After 
Needlestick Accident 

TAKEHIRO MITSUI,~, ~ I K O  IWANO,~. KAzuo MASUKO,~. CHIKAO YAMAZAKI,'. HIROAKI OKAMOTO,~ 
FUhlIO TSUDA,4 TAKESHI TANUS AND SHUNJI MISHIRO~ 
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Blood Center, Saitama-ken 338; and 'Institute of Immunology, Koraku 1-1-10, Bunkyo-ku, Tokyo 112, Japan 

Hepatitis C virus infections in medical personnel 
after needlestick accidents have been documented 
generally by detection of seroconversion to a hepa- 
titis C Virus nonstructural region antigen, c100-3 (a 
marker of infection). We tested for hepatitis C virus 
core-derived a n t i w e s  and genomic RNA in addition 
to c100-3 antibody in 159 cases of needlestick exposure 
that did not involve patients positive for HBsAg. Of 
theme we found 68 cases with index patients positive for 
both hepatitis C virus RNA and antibodies and 
members negative for antibodies to HCV core or c100-3 
before the needleetick accidents. Seven of these 
medical personnel became infected with hepatitis C 
virus after the accidents. Their hepatitis was generally 
snbclinical or self-limited and transient, except for one 
patient in whom liver enzyme elevation persisted along 
with the antibodies. In our study, the risk of hepatitis 
C virua tranemieeion from a single needlestick accident 
with hepatitis C virus RNA-positive blood was lo%, 
considerably higher than the 4% estimated in a pre- 
vious study. We found that donor blood with antibody 
to an hepatitis C vim core-derived peptide with 
enzyme-liuked immunosorbent assay optical densities 
greater than 2.0 carried a significant risk of trans- 
mitting hepatitis C virus to needlestick victims. No 
hepatitb C virus seroconversions occurred in medical 
pereonnel exposed to hepatitis C virus antibody- 
negative or hepatitis C virus RNA-negative blood; 
however, one such exposure resulted in a very mild 
non-A, non-B, non-C hepatitis. (HEPATOLOGY 1992;16: 

Accidental exposure to the blood-borne pathogens 
HBV and human immunodeficiency virus (HIV) by 
contaminated needlestick is a well-known route of 
disease transmission, especially in medical personnel 
(1). Hepatitis C virus (HCV), the major cause of non-A, 
non-B (NANB) hepatitis (21, is a blood-borne virus 

1109-1 114.) 
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transmittable by blood transfusions and other paren- 
teral routes. It has been reported that HCV prevalence 
is significantly greater than normal in people with 
frequent exposure to blood, such as drug addicts (3, 4; 
Roggendorf M, et al. Lancet 1989; 2:234-235, Corre- 
spondence), dentists (5) and patients undergoing noso- 
comial skin-vacuum sui-duma therapy (Kiyosawa, et al., 
Personal communication, 1990). It is also known that 
homosexuals (6) and prostitutes (7,8) have higher-than- 
normal rates of infection with HCV. These observations 
are qualitatively similar to the epidemiologies of HBV 
and HIV infections and suggest that HCV could also be 
transmitted by small aliquots of blood through percu- 
taneous transfers or sexual activity. 

Several individual cases of HCV transmission by way 
of needlestick injury to health care workers have been 
reported: (a) in a hemodialysis unit staff member 
(Schlipkoter U, et al., Scand J Infect Dis 1990;22:757- 
758, Correspondence), (b) in a surgeon (Vaglia A, et al., 
Lancet 1990;336: 1315-1316, Correspondence) and (c) in 
nurses (Seeff L.B., Ann Intern Med 1991;115:411, 
Correspondence; and Cariani E, et al., Lancet 1991; 
337:850, Correspondence). The overall risk of HCV 
transmission from a needlestick accident was 4 of 107 
(4%) in a previous study by Kiyosawa et al. (9). This rate 
was calculated on the basis of rates of seroconversion to 
antibodies against an HCV nonstructural region an- 
tigen, c100-3 (anti-cl00-3) (101, as the marker for 
infection. Because many cases of HCV infection have no 
serological response to the c100-3 antigen, the actual 
infection rates in these studies were probably higher 
than observed. We investigated the risk of HCV trans- 
mission after a single needlestick accident by measuring 
HCV core region antibodies: to cp9 (anti-cp9) (111, to 
cpl0 (anti-cplO) (12) and to GOR (anti-GOR) (13,141, in 
addition to anti-cl00-3. In previous studies these 
antibodies were often detected in HCV-infected subjects 
who were seronegative for anti-cl00-3 (11-13). In 
addition to the antibody tests, sera were also analyzed 
for HCV RNA by polymerase chain reaction (PCR) for 
antibody-positive patients and corresponding medical 
s t d  members. 
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The Irish and East German anti-D outbreak

Anti-D used to prevent hemolytic 
disease of newborn

early suspicious cases were not 
centrally reported

affected women: 
400 in 1976-7 in Ireland
1018 in 1978-9 in EastGermany

Higher rate of spontaneously 
clearing the virus (~45-50%)

Kenny-Walsh NEJM 1999 

Acute HCV in Spain

• Of documented cases of acute HCV between 1998-2005 
(n=109):

Martínez-Bauer et al J Hepatology 2008 

Hospital Admission
67%

Intravenous Drug Use
8%

Needlestick
6%

Sexual
6%

Other
5%Unidentified

5%

>1 factor
4%

Medical exposures may account for the 
majority of HCV transmission worldwide

Martínez-Bauer et al J Hepatology 2008
Lewis-Ximinez et al. Clin Infect Dis 2010

• Nosocomial & occupational

• Suboptimal infection control practices 
• Recapping needles
• Reuse of syringes
• Reuse of multi-dose vials

• Brazilian cohort (Oswaldo Cruz Institute)

• Symptomatic acute HCV (n=65)

• 49% major risk factor was medical procedure

Nosocomial transmission in the 21st 
century?

•Las Vegas 2007-2008

– HCV Infections from Unsafe Injection 
Practices at an Endoscopy Clinic

– 10,000 persons notified

•Florida 2007-2008 

– Diversion of fentanyl by radiology 
technician

•Colorado 2009

– Ex-Medical Technician is Held Without 
Bail in Hepatitis C Outbreak

Fischer et al. Clin Infect Dis 2010
New York Times, July 9 2009



CDC data. Ann Intern Med 2006

Prevalence of antibodies to hepatitis C virus by Age 
(NHANES III, 1988-1994) and the current NHANES 
(1999-2002)

Prevalence of HCV in various groups

 General population   1.6%
 Males              2.1%
 Non-hispanic blacks             3.0%
 Below poverty line    3.2%
 Transfusion before 1992       5.8%
 20-50 lifetime sexual partners           7.5%
 ALT 40-80              8.4%
 HIV-positive    13-30%
 H/o incarceration      15-41%
 Any history of IVDU   57.5%

HCV prevalence in African-American males

Figure 1. Prevalence of antibodies to hepatitis C virus (HCV) by ethnicity, age, and sex.

The vertical bars represent 95% CIs. The upper 95% CIs are not shown for 2 groups: 40- to 49-year-old non-Hispanic black men (18.2%) and 50- to
59-year-old Mexican-American men (20.0%).

ArticleHepatitis C Virus Infection in the United States

www.annals.org 16 May 2006 Annals of Internal Medicine Volume 144 • Number 10 709

Armstrong)et)al.)Ann)Intern)Med)2006

age group, years

Tidal wave of persons at risk for ESLD 
complications due to HCV infection

)Davis)et)al.)(2010))Gastroenterology)138:)513.

Decompensated,cirrhosis,and,HCC

to continue to rise at least through 2030, although the
total number of persons with liver failure will start to
decline after 2022. The number with HCC began to rise
steeply after 1990 (Figure 4). The model estimated 37,697
cases between 1990 and 1999 compared to 86,765
(!130%), 130,366 (!50%), and 124,298 ("5%), respec-
tively in each of the subsequent decades. The incidence of
HCV-related HCC is projected to peak in 2019 at almost
14,000 cases per year if the risk in HCV-infected persons

with fibrosis remains stable. Assuming that 55% of HCC
cases are due to hepatitis C, the HCC projections in males
and females in 2005 approximate estimates from a recent
report based on the Surveillance, Epidemiology and End
Results database (predicted vs estimated cases: male,
7700 vs 8053; female, 1608 vs 922).48,49

We projected that hepatic deaths due to HCV would
continue to increase through 2022, although the rate of
year-to-year change began to slowly decline after 1991.
Consistent with the increasing average duration of infec-
tion in persons with CH-C and the severity of liver disease
described here, we estimated 29,090 liver-related deaths
from 1980 to 1989, 56,377 (93%) in 1990"1999, 145,667
(!158%) in 2000"2009, 254,550 (!74%) in 2010"2019,
and 283,378 from 2020 to 2029.

Cohort Analysis
The proportions with cirrhosis, decompensation,

HCC, liver-related death, and non-liver"related death
after 10, 20, and 30 years in each of the 6 cohorts are
shown in Table 2. These proportions apply to the entire
cohort that was ever infected, including those who re-
solved infection early. For example, although 1.33% of
women in the youngest cohort were expected to have
cirrhosis after 20 years, these cases occurred only among
the 55% who had not resolved acute infection spontane-
ously; this represented 2.59% of persons with CH-C. Fi-
brosis and cirrhosis increased over time in all cohorts,
but never exceeded 40% within the 30-year observation
period. However, if only those who developed CH-C are
considered, cirrhosis was predicted in more than half of
the 2 older male cohorts after 30 years because progres-

Figure 4. Projected number of cases by year of decompensated cir-
rhosis (black) and hepatocellular carcinoma (gray). The model assumes
a first year mortality of 80% to 85%, so in contrast to the decompen-
sated cirrhosis projection, the number of cases of hepatocellular carci-
noma the prevalence demonstrated here closely resembles annual in-
cidence of liver cancer.

Table 2. Projections for Cirrhosis, Decompensation, Hepatocellular Carcinoma, and Death by Cohort

Of all infected, % Of chronic hepatitis survivors, %

Gender
Age at

Infection, y
Years since

infection
Not

resolved, %
All

cirrhosis
Decompensation

cirrhosis HCC
Liver

death
Non-liver
Death

All
cirrhosis

Decompensation
cirrhosis HCC

Female 0"30 10 55 0.10 0.00 0.00 0.43 0.74 0.19 0.00 0.00
20 1.33 0.10 0.01 0.49 2.01 2.59 0.20 0.01
30 4.24 0.44 0.02 0.92 4.95 8.59 0.90 0.05

31"50 10 80 0.12 0.00 0.00 0.43 1.92 0.15 0.00 0.00
20 2.38 0.17 0.01 0.52 6.72 3.27 0.23 0.02
30 7.75 0.79 0.04 1.28 17.00 12.13 1.23 0.07

#50 10 90 0.43 0.01 0.01 0.44 7.58 0.52 0.02 0.01
20 4.12 0.32 0.07 0.82 22.63 6.01 0.47 0.10
30 7.36 0.80 0.12 2.29 50.46 17.43 1.23 0.28

Male 0"30 10 65 0.50 0.02 0.01 0.43 1.18 0.71 0.03 0.01
20 5.39 0.43 0.07 0.83 2.82 7.76 0.62 0.16
30 13.92 1.55 0.19 2.91 6.41 21.47 2.39 0.29

31"50 10 80 3.24 0.13 0.03 0.48 2.56 4.01 0.16 0.04
20 27.76 2.44 0.34 2.75 8.24 36.86 3.30 0.45
30 38.11 5.13 0.50 11.14 21.11 69.31 9.34 0.92

#50 10 90 6.39 0.26 0.19 0.70 9.56 7.95 0.32 0.24
20 24.27 2.41 0.86 6.08 29.75 42.62 4.23 1.50
30 15.24 2.21 0.56 15.06 59.87 70.68 10.24 2.57

HCC, hepatocellular carcinoma.
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Adapted by S. Ray, Source: Ly, et al. Ann Intern Med 2012; 271

HCV Exceeds HIV as Cause of Death
in USA

• Should be screened

– Intravenous drug use (even 
if used once)

– Recipient of plasma 
derivative before 1987

– Recipient of organ 
transplant, transfusion 
before 1992

– Healthcare worker with 
needlestick or mucosal 
exposure

– Chronic hemodialysis

– HIV

– Persistently elevated ALT

– Child of an HCV + mother

CDC and AASLD Guidelines for HCV screening

AASLD/IDSA 2009 Guidelines

• Should be considered for screening

– Intranasal cocaine users

– Recipients of tattoos / body 
piercing

– Recipients of transplanted 
epithelial tissue (e.g. corneas)

– People with multiple sexual 
partners

– Monogamous sex partners of HCV 
+ people

Reasons why current practices guiding 
HCV screening fails

• LFTs normal in up to ~25% despite chronic infection 

• CDC data suggest ~10% HCV positive without 
discernible risk factor

• Primary risk factor of IDU is underreported

Volk et al. Hepatology 2009

What were you doing in the 70’s / 80’s?

– Providers rarely ask about past use

– Patients forgot or do not wish to admit

• “I only used a few times” (used once or twice - ~9% HCV)

• “I used a long time ago” (any use ~57% HCV)

• “I am ashamed”

Kallman et al. Aliment Pharmacol Ther 2009
O’Brien et al. Transfus Med 2010



Reasons why risk-factor based screening 
fails us

• Intravenous drug use   

– Current: fragmented health care

– Past: underreporting  

• Nosocomial     

– Blood product exposure usually not asked at routine physical

– Hospital exposure in 60s/70s/80s very common

• Sexual   

– Common behavior, underreporting of high-risk

• Perinatal

– HCV may be underrecognized in pregnant women

A new proposal: screening all “baby-boomers”

•~66% of those living with HCV are 45-64 years of age
– 75% of HCV-related deaths are aged 45-64

•As antibodies remain elevated for duration of 
infection, and these patients usually lack ongoing risk, 
a one-time antibody test will suffice

•Chance to intervene with antiviral therapies

•Public Health

• Those infected may transmit to others

• ESLD due to HCV great burden on health care system

•Personal Health

• Leading cause of end-stage liver disease / cirrhosis

• 18,000 deaths/year by 2020, 35,000 deaths/year by 2030

•We can do something about it

• Over half (70-80%) of those with chronic HCV can be cured
Wise et al. Hepatology 2008
Veldt et al. Ann Intern Med 2008

Why should we screen for HCV?

• Assumptions
• 66.9 million Americans born 1945-1965 visiting PCP
• ~90% accepted screening
• ~90% received results
• those with insurance offered treatment
• ~40% accepted and initiated treatment

Rein et al. Ann Intern Med 2012;156:263-270

The Cost-Effectiveness of Birth-Cohort Screening for Hepatitis C
Antibody in U.S. Primary Care Settings
David B. Rein, PhD; Bryce D. Smith, PhD; John S. Wittenborn, BS; Sarah B. Lesesne, BS; Laura D. Wagner, MPH; Douglas W. Roblin, PhD;
Nita Patel, DrPH; John W. Ward, MD; and Cindy M. Weinbaum, MD, MPH

Background: In the United States, hepatitis C virus (HCV) infection
is most prevalent among adults born from 1945 through 1965, and
approximately 50% to 75% of infected adults are unaware of their
infection.

Objective: To estimate the cost-effectiveness of birth-cohort
screening.

Design: Cost-effectiveness simulation.

Data Sources: National Health and Nutrition Examination Survey,
U.S. Census, Medicare reimbursement schedule, and published
sources.

Target Population: Adults born from 1945 through 1965 with 1 or
more visits to a primary care provider annually.

Time Horizon: Lifetime.

Perspective: Societal, health care.

Intervention: One-time antibody test of 1945–1965 birth cohort.

Outcome Measures: Numbers of cases that were identified and
treated and that achieved a sustained viral response; liver disease
and death from HCV; medical and productivity costs; quality-
adjusted life-years (QALYs); incremental cost-effectiveness ratio
(ICER).

Results of Base-Case Analysis: Compared with the status quo,
birth-cohort screening identified 808 580 additional cases of chronic
HCV infection at a screening cost of $2874 per case identified.
Assuming that birth-cohort screening was followed by pegylated
interferon and ribavirin (PEG-IFN!R) for treated patients, screening
increased QALYs by 348 800 and costs by $5.5 billion, for an ICER
of $15 700 per QALY gained. Assuming that birth-cohort screening
was followed by direct-acting antiviral plus PEG-IFN!R treatment
for treated patients, screening increased QALYs by 532 200 and
costs by $19.0 billion, for an ICER of $35 700 per QALY saved.

Results of Sensitivity Analysis: The ICER of birth-cohort screening
was most sensitive to sustained viral response of antiviral therapy,
the cost of therapy, the discount rate, and the QALY losses as-
signed to disease states.

Limitation: Empirical data on screening and direct-acting antiviral
treatment in real-world clinical settings are scarce.

Conclusion: Birth-cohort screening for HCV in primary care set-
tings was cost-effective.

Primary Funding Source: Division of Viral Hepatitis, Centers for
Disease Control and Prevention.

Ann Intern Med. 2012;156:263-270. www.annals.org
For author affiliations, see end of text.
This article was published at www.annals.org on 4 November 2011.

Approximately 4.1 million Americans are antibody-
positive for hepatitis C virus (HCV), and approxi-

mately 75% of them are chronically infected; most of the
latter were infected 20 to 40 years ago, before the discovery
of HCV (1). In 2005, hepatitis C resulted in 7000 to
13 000 deaths (2–7). Because HCV progresses slowly, the
risk for serious complications is increasing among infected
Americans as time passes (8). Without changes in current
case identification and treatment, deaths from HCV are
forecasted to increase to 35 000 annually by 2030 (5).

In clinical trials, antiviral therapy with pegylated inter-
feron and ribavirin (PEG-IFN!R) has resulted in a sus-
tained viral response (SVR) (that is, cure) of HCV infec-
tion in 46% of patients infected with genotype 1 (which
infects 70% and 90% of chronically infected white and
African American persons in the United States, respec-
tively) and as many as 81% of those infected with geno-
types 2 or 3 (9, 10). Treatment with PEG-IFN!R is cost-
effective at these rates of efficacy (11).

The Centers for Disease Control and Prevention cur-
rently recommends antibody screening of persons with past
behaviors, exposures, or health indicators associated with
HCV infection, such as a history of injection-drug use,
hemodialysis, or elevated alanine aminotransferase levels

(12). Despite these recommendations, only 25% to 50% of
patients with chronic hepatitis C are aware of their infec-
tion (12–16). Low case identification may result from dif-
ficulty in implementing risk-based screening given the lim-
ited time of primary care visits and the awkwardness of
discussing behavioral risks.

Expanding screening recommendations to cover the
birth cohort born from 1945 through 1965 (among whom
HCV prevalence is highest) offers a potential complement
to current risk-based screening recommendations. How-
ever, although birth-cohort screening would increase
health care costs by increasing the number of persons
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Deaths ICER($ per QALY 
saved)

No screening 618,000

Risk-based 592,000 Base case

Birth cohort
PEG-Ribavirin 509,000 $15,700

Birth cohort
Direct-acting 470,000 $35,700
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Approximately 4.1 million Americans are antibody-
positive for hepatitis C virus (HCV), and approxi-

mately 75% of them are chronically infected; most of the
latter were infected 20 to 40 years ago, before the discovery
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13 000 deaths (2–7). Because HCV progresses slowly, the
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effective at these rates of efficacy (11).
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behaviors, exposures, or health indicators associated with
HCV infection, such as a history of injection-drug use,
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(12). Despite these recommendations, only 25% to 50% of
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tion (12–16). Low case identification may result from dif-
ficulty in implementing risk-based screening given the lim-
ited time of primary care visits and the awkwardness of
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Aspirin chemoprophylaxis

Childhood immunization series

Tobacco-use screening and brief intervention

Colorectal cancer screening

Hypertension screening 

Influenza immunization

Pneumococcal immunization

Problem drinking screening and brief counseling

Vision screening—adults

Cervical cancer screening

Cholesterol screening

Breast cancer screening

Chlamydia screening

Calcium chemoprophylaxis

Vision screening—children

Folic acid chemoprophylaxis

Obesity screening

Depression screening

Hearing screening

Injury prevention counseling

Osteoporosis screening

Cholesterol screening— high risk

Diabetes screening 

Diet counseling

Tetanus-diphtheria booster

What is the relative cost-effectiveness to 
other preventive services?

National Committee on Prevention Priorities
Combining clinically-preventable burden & cost-effectiveness:
Most effective

Least effective

Birth-cohort screen (standard treatment)}

Birth-cohort screen (direct antivirals)}

HCV and HIV screening

•Baby boomer screening - all those identified with HCV 
should have HIV testing

•15% of new HIV infections in the U.S. occur in 
persons over 50

•CDC already recommends a one-time screen of all 
adults for HIV

Do not abandon risk-factor based 
screening

High-risk groups remain at risk
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Incidence Rates (per 100,000 population) for Reported 
Confirmed Hepatitis C Infections by Age Groups

MMWR: Age distribution of newly reported confirmed 
cases of hepatitis C virus infection --- Massachusetts, 

2002 and 2009 

* N = 6,281; excludes 35 cases with missing age or sex information.
† N = 3,904; excludes 346 cases with missing age or sex information.

Source:  Onofrey et al MMWR: May 6, 2011 / 60(17);537-541 

National Opioid Prescription Sales and 
Deaths on the Rise

MMWR / November 4, 2011 / Vol. 60 / No. 43

Past Year Initiates for Specific Illicit Drugs 
among Persons Aged 12 or Older: 2007

First3ini4ated,substances

2007 National Survey on Drug Use & Health



IDU at highest risk for HCV are also at risk for HIV

• 9% of new U.S. HIV infections in 2009 occurred in IDU
• 9% of 10,073 IDU tested were positive for HIV (NHBS)
• Among 9,565 IDUs at risk for acquiring HIV
• Among male IDUs: 5% reported unprotected male-male anal sex

Prejean et al. PLoS One 2011, CDC MMWR 2012;61:133-138
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49%
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HIV before HCV

amount following HIV-1 infection and more rapidly than
in those who remained HIV-1 negative.102 This increase
occurred before CD4! T-cell numbers began to decline
significantly, so other early effects on the immune system
mediated by HIV-1 infection might be responsible for
higher hepatitis C viremia in coinfected individuals. Later,
as peripheral CD4! cells counts decline, there could be a
loss of HCV-specific antibody responses103,104 as well as
functional HCV-specific CD8! T-cell responses.105,106 How-
ever, HCV-specific CD4! and CD8! T cells, as currently
measured, might not be linked to the viral set point. This
is because HCV-specific T-cell responses are already sig-
nificantly reduced in patients with chronic HCV and the
magnitude of the specific immune responses against
HCV in patients in the chronic phase does not correlate
with viral load. The lack of correlation may relate to
difficulties in measuring immune function at the site of
infection (the hepatocyte), because most studies have
relied on measurements either on intrahepatic lympho-
cytes that were expanded in vitro or on peripheral blood
mononuclear cells. Ultimately, the basis for the magni-

tude of the HCV titer set point in each patient with a
chronic infection is unknown107; it is likely to be related
to contributions from the innate and adaptive immune
systems, which in the case of coinfection are then mod-
ulated by many factors, including both HIV-1 and ag-
ing.108,109 Further investigations understanding the per-
turbations induced by HIV-1 infection will improve our
understanding of the mechanisms that lead to the high
viral titers in coinfected patients, an issue of prime im-
portance because these affect responsiveness to IFN-
based treatments.2

HIV-1 Then HCV: HCV Transmission in
HIV-1–Infected Men Who Have Sex With
Men
Transmission of HCV is far less efficient via sexual

exposure than via blood-borne exposure, whereas HIV-1
is adapted to cross the mucosa found at genital and rectal
surfaces. Thus, the prevalence of HCV is far lower among
those who become infected with HIV-1 by sexual risk
behaviors than blood-borne exposure.110 Numerous out-

Figure 2. Influence of the order
of infection promoting the persis-
tence of HCV in the setting of
HIV-1 coinfection. Uninfected in-
dividuals are represented in gray,
HCV antibody–positive individuals
in blue, HIV-1 antibody–positive
individuals in red, and dually HCV/
HIV-1 antibody–positive individu-
als in purple. (A) Most blood-
borne exposures result in HCV
infection well before HIV-1. The
usual outcome is chronicity, rep-
resented in the first line. HCV titers
become progressively higher after
HIV-1 seroconversion. The sec-
ond line represents the situation
where protective immunity is gen-
erated. Progressive HIV-1 infec-
tion, signified by progressive CD4
T-cell dysfunction and depletion,
may abrogate this protective im-
munity. When rechallenged with
HCV, the likely outcome is chro-
nicity. The third line represents a
situation where HCV is cleared and
HIV-1 is never contracted, and thus
protective immunity is preserved.
(B) When HIV-1 precedes HCV in-
fection, the generation of protective
immunity may be primarily im-
paired, thus resulting in a greater
likelihood of persistent outcome.
Together, this schematic may help
to explain why there are higher per-
sistence rates in coinfected individ-
uals compared with mono-infected
individuals.
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HIV before HCV:  International Outbreaks of 
HCV in HIV+ MSM Risk factors in London outbreak

Danta et al. AIDS 2007
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A perfect storm for HCV transmission

Sex Drugs

HIV

• Bloody practices

• Semen exposure

• Other STDs

• Sildenafil

• Internet

–Higher levels of virus in plasma and semen

–Immune deficiency, especially at GI mucosa

• Crystal 
methamphentamine

Outcomes of acute HCV

Rehermann and Nascimbeni. Nat Rev Immunol 2005

ALT normal
HCV RNA neg
HCV Ab pos

ALT often elevated
HCV RNA pos
HCV Ab pos

Delayed HCV EIA seroconversion in HIV+ MSM

Median time 91 days 

Thomson et al. AIDS 2009 

Diagnosis of acute HCV

• History: Risk factor and timing

–Underreporting of risk

• Seroconversion

–Past antibody testing

–Antibody seroconversion may be delayed in setting of HIV 

• Serial checks of ALT, HCV RNA

–Viral fluctuations and/or low viral loads are suggestive of 
acute phase



Why identify acute HCV?

Opportunities for:
Risk reduction
Education
Immunizations for HAV/HBV
Interrupt transmission
Better treatment outcomes

HCV in HIV+ MSM

• Screen for high-risk behaviors

• Bloody practices, exposure to semen1

• Ulcero-genital STDs

• Screen those engaging in high-risk behaviors

• Yearly antibodies recommended2

• Cost-effective3

• React to minor changes in LFTs3

• HCV RNA for seronegative window

• HCV RNA for re-infections 

1Schmidt et al. PLoS One 2011; 2EASL (2010), NY State (2010); 3Linas et al. Clin Infect Dis 2012 (accepted)

Challenge of accelerated fibrosis

–Opportunities to:

• Stage fibrosis more frequently

–Noninvasive tests, serum Fibrosure/Fibrotest or transient 
elastrography

• Slow progression

–HIV suppression

–Avoidance of other liver insults (such as alcohol, steatosis)

–Role of caffeine, vitamin D replenishment

Staging of the liver in co-infected patients is 
prognostic of ESLD/HCC/death

Limketkai et al. JAMA 2012

F0
F1

F2F3

F4



Mechanisms of accelerated HCV-related fibrosis in 
HIV

Kim and Chung Gastroenterology 200957

DHHS Antiretroviral Guidelines in 2012

The effect of ART on preserving or restoring immune function 
and reducing HIV-related immune activation and inflammation 
may slow the progression of liver disease. The benefits of ART 
in most HIV/HCV-coinfected  patients outweigh concerns 
regarding drug-induced liver injury (DILI). Therefore, ART 
should be considered for all HIV/HCV-coinfected patients 
regardless of CD4 count (BII).

Survival after first episode of liver decompensation is 
decreased in HIV/HCV patients

Pineda et al. Hepatology 2005

75% mortality over ~6 years

Challenges of higher rates of decompensation and higher mortality

Opportunity to:

Perform liver transplantation for HIV/HCV 



Survival rates for HIV+/HCV+ OLT
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In absence of transplant, after decompensation, 
2 year survival only ~40%
5 year survival only ~20%

NIH multicenter trial of liver transplantation for 
HIV/HCV coinfection + ESLD   
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Liver Transplantation

Terrault et al. Liver Transplantation 2012

Highest risk patients had the worst outcomes (low BMI, older donor age, need for renal tx)
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Liver Transplantation

Higher rates of decompensation & higher liver-related mortality 
Higher viral loads and lower response rates to treatment

Opportunity to:

Treat with antivirals and achieve cure 

 Antiviral HCV treatments (FDA-approved)

• Combination Therapy
–IFN-2a + Ribavirin
–IFN-2b + Ribavirin
–PEG-IFN 2a + Ribavirin*
–PEG-IFN 2b + Ribavirin

–Boceprevir (with PEG/RBV)
–Telaprevir (with PEG/RBV)

• Monotherapy

–IFN-2a (Roferon)

–IFN-2b (Intron)

–PEG-IFN 2a (Pegasys)

–PEG-IFN 2b (Peg-Intron)

–Consensus IFN

* Indication for HIV/HCV coinfection



Cirrhosis

Liver failure
HCC

Death

Acute 
infection

Chronic 
infection

Viral 
clearance

Stable or slowly 
progressive

Natural history of HCV

those whose HCV RNA levels decrease by !2 logs
IU/mL but never become undetectable are referred to as
partial nonresponders.

The Optimal Treatment of Chronic HCV:
Peginterferon Alfa and Ribavirin

The currently recommended therapy of chronic HCV
infection is the combination of a pegylated interferon alfa
and ribavirin. The choice of this regimen was based upon
the results of three pivotal, randomized, clinical trials that
demonstrated the superiority of this combination treat-
ment over standard interferon alfa and ribavirin.71-73

While not directly comparable, these three trials defined
several key components of therapy, namely the appropri-
ate dose of the drugs, the optimal duration of therapy and
the need for a different regimen for patients with geno-
type 1 and genotype 2 and 3 infections.

There are two licensed pegylated interferons in the
United States, peginterferon alfa-2b (Peg-Intron, Scher-
ing Plough Corp., Kenilworth, NJ), with a 12-kd linear
polyethylene glycol (PEG) covalently linked to the stan-
dard interferon alfa-2b molecule, and peginterferon
alfa-2a (Pegasys, Hoffmann-La Roche, Nutley, NJ) with a
40-kd branched PEG covalently linked to the standard
interferon alfa-2a molecule.108 The doses of these two
forms of pegylated interferons differ.

The optimal dose of peginterferon alfa-2b, based on
the original registration trial, is 1.5 "g/kg/week dosed
according to body weight (Fig. 2). Although the dose of

ribavirin used in the original registration trial was fixed at
800 mg daily, a subsequent community-based study of
patients with genotype 1 infection demonstrated that
weight-based ribavirin (800 mg for patients !65 kg;
1,000 mg for patients weighing 65 to 85 kg; 1,200 mg for
patients weighing 85 to 105 kg; and 1,400 mg for patients
weighing "105 kg but !125 kg) was more effective.71,109

Peginterferon alfa-2a is administered at a fixed dose of
180 "g/week given subcutaneously together with ribavi-
rin 1,000 to 1,200 mg daily, 1,000 mg for those who
weigh !75 kg and 1,200 mg for those who weigh "75 kg
(Fig. 2).72 The registration trial highlighted the two ben-
eficial effects of ribavirin, an improvement in the ETR
but, more importantly, a significant decrease in the re-
lapse rate as compared to peginterferon monotherapy
treatment.

A third randomized trial determined that the optimal
duration of treatment should be based on the viral geno-
type. The study established that patients with genotype 1
should be treated for 48 weeks with peginterferon alfa-2a
plus standard weight-based ribavirin, whereas patients
with genotypes 2 and 3 could be treated with peginter-
feron alfa-2a plus low dose ribavirin (800 mg) for 24
weeks.73

For patients with HCV genotype 4 infection, combi-
nation treatment with pegylated interferon plus weight-
based ribavirin administered for 48 weeks appears to be
the optimal regimen, as concluded in a meta-analysis of
six randomized trials.110 While data from another ran-
domized trial of treatment with combination peginter-
feron alfa-2b plus a fixed dose of ribavirin (10.6 mg/kg per
day) has suggested that 36 weeks duration of therapy is
sufficient provided an EVR is achieved, these results need
to be confirmed.111

Patients with genotypes 5 and 6 are underrepresented
in trials of peginterferon and ribavirin due to their limited
worldwide frequency. A recent retrospective analysis of

Fig. 1. Graphic display of virological responses. RVR, rapid virological
response (clearance of HCV from serum by week 4 using a sensitive
PCR-based assay); EVR, early virological response (#2 log reduction in
HCV RNA level compared to baseline HCV RNA level or HCV RNA negative
at treatment week 12); SVR, sustained virological response (HCV RNA
negative 24 weeks after cessation of treatment); relapse, reappearance
of HCV RNA in serum after therapy is discontinued; nonresponder, failure
to clear HCV RNA from serum after 24 weeks of therapy; partial nonre-
sponder , 2 log decrease in HCV RNA but still HCV RNA positive at week
24; null nonresponder, failure to decrease HCV RNA by ! 2 logs after 24
week of therapy.
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Fig. 2. Virological responses to pegylated interferon and ribavirin in
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1342 GHANY ET AL. HEPATOLOGY, April 2009

RVR = rapid virologic response= negative HCV RNA at week 4
pEVR = partial early virologic response = 2 log drop at week 12 compared to baseline
cEVR = complete early virologic response = negative HCV RNA at week 12
ETR = end of treatment response 
SVR = sustained virologic response = negative HCV RNA 24 weeks after therapy AASLD/IDSA 2009 Guidelines

with a statistically significant reduction in the hazard of
clinical events, mainly liver failure.12 In a retrospective
study from the United Kingdom, patients with advanced
liver fibrosis who underwent a liver biopsy before 2002
were followed for a median of 51 months. Of the 131
patients with no previous history of decompensated dis-
ease, 25% died or received a transplant after a median
interval of 42 months. In a multivariate analysis, combi-
nation therapy with IFN and ribavirin was associated with
improved survival, most notably among sustained re-
sponders.17 Available evidence also suggests that even pa-
tients with compensated liver cirrhosis who achieve SVR
may experience beneficial alterations of their disease
course. For example, in a multicenter cohort of 920 Ital-
ian patients with histologically proven HCV-derived cir-
rhosis treated with IFN monotherapy, a significant
reduction in the rates of liver-related complications, hep-
atocellular carcinoma, and liver-related mortality was
found in patients who achieved an SVR compared with
those who did not.18

Little is known about the consequences of achieving
SVR in patients coinfected with HIV/HCV. In a sub-
analysis from the multinational AIDS Pegasys Ribavi-
rin International Coinfection Trial (APRICOT),
paired liver biopsies obtained from 401 patients were
analyzed to investigate a possible correlation between
virological and histological responses. Histological re-
sponse was defined as a two-point or greater reduction
in the Ishak-modified histological activity index score.
The investigators found that histological response was
correlated with virological response, although a sub-
stantial proportion of patients who did not achieve an
SVR experienced histological improvement.19 Like-
wise, in a subanalysis from the ANRS HC02 RIBAVIC
trial, paired liver biopsies from 198 patients were ana-
lyzed. In the multivariate analysis, the authors found
that didanosine and failure to achieve SVR were signif-
icantly associated with worsening of liver fibrosis.20 In
a study that assessed liver fibrosis using elastography in
103 patients coinfected with HIV/HCV, the 34 pa-

Fig. 1. Kaplan-Meier curves
showing the occurrence of clinical
events in 711 patients positive for
HIV/HCV with and without SVR fol-
lowing therapy with interferon plus
ribavirin: (A) overall mortality; (B)
liver-related mortality; (C) liver de-
compensation; and (D) hepatocellu-
lar carcinoma.

HEPATOLOGY, Vol. 50, No. 2, 2009 BERENGUER ET AL. 411

Overall
mortality
P=0.003

Liver-related
mortality
p=0.028

Decompensation
P<0.001

HCC
P=0.099

Berenguer et al. 
Hepatology 2009
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Sustained virologic responses with PEG IFN/RBV 
by genotype
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Likelihood of success on interferon-based treatments

Higher likelihood of success:

Non genotype 1 status

Low HCV VL

IL-28B genotype favorable

Less fibrosis on biopsy

No steatosis or insulin resistance

vitamin D replete

non-African-American

Female

Adherence

Lower likelihood of success:

Genotype 1 status

High HCV VL 

IL-28B genotype unfavorable

More fibrosis on biopsy

Steatosis and/or insulin resistance

vitamin D deficient

African-American

Male

Non-adherence

Comparison of two currently-approved 
protease inhibitors

71

Boceprevir Telaprevir

Genotype activity GT 1 (-2) GT 1 (-2)

PEG-IFN regimen PEG-IFN-2b PEG-IFN-2a

Dosing q7-9h (with food) q7-9h (with food)

Pharmacology CYP3A4, p-glycoprotein CYP3A4, p-glycoprotein

Lead-in phase Yes No

Duration of PI 24-44 weeks 12 weeks

Additive side effects Dysgeusia, anemia Rash, pruritus, anal sx, 
anemia

Cost $1300/week $4100/week

Placebo Telaprevir 450 mg q8h Telaprevir 750 mg q8h Telaprevir 1250 mg q12h
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Telaprevir Monotherapy—Phase Ib Trial 

Reesink HW, et al. Gastroenterology 2006;131:197

      Resistant variants



SVR rates for genotype 1 HCV infection: PEG-
IFN, ribavirin, plus telaprevir or boceprevir
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Control Study Arm

SVR rate for nonresponders genotype 1 
HCV infection: telaprevir, HIV negative
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McHutchinson et al. NEJM 2010

Novel drugs, pharmacology

•Pregnancy category B

•No dosing change for renal impairment

•Both an inhibitor and substrate of cytochrome P450 
(CYP3A) and P-glycoprotein (P-gp)

•Contraindicated with drugs that are:
–Highly dependent on CYP3A for clearance and for which 
elevated plasma concentrations are associated with serious 
and/or life-threatening events

–Strongly induce CYP3A, which lead to lower exposure and 
loss of efficacy of telaprevir

Telaprevir 750-1125 mg TID + standard of care for 
HCV in HIV coinfected persons

Sulkowski et al. CROI 2011, Boston, MA
Dieterich et al. CROI 2012, Seattle, WA

�����������

������
���������
���	
������
������������
��������

P/R (placebo 1st 12 weeks)

T/P/R P/R

weeks
12 24 36 480

Follow-up

72

�#"!"�"#"*,�
������!������
�"+�(��"&'),�-���,��(
�(��*$�%*�%�.+�
��
�	�����##)�$$	

������������" �����



Telaprevir for HCV in HIV coinfected persons: 
interim results from CROI 2011

Sulkowski et al. CROI 2011, Boston, MA
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Telaprevir for HCV in HIV coinfected persons: 
SVR12 results

Dieterich et al. CROI 2012, Seattle WA
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Adverse events, telaprevir/PEG-IFN/ribavirin 
in co-infected individuals

Sherman et al.  AASLD 2011, San Francisco, CA

T+P/R (n=38), % P/R (n=22), %
Fatigue 16 (42) 9 (41)

Pruritus 15 (39) 2 (9)
Headache 14 (37) 6 (27)
Nausea 13 (34) 5 (23)

Rash 13 (34) 5 (23)
Diarrhea 9 (24) 4 (18)
Dizziness 8 (21) 3 (14)
Pyrexia 8 (21) 2 (9)

Neutropenia 8 (21) 2 (9)
Depression 8 (21) 5 (23)

Anemia 7 (18) 4 (18)
Vomiting 7 (18) 2 (9)
Myalgia 6 (16) 5 (23)
Chills 6 (16) 4 (18)

Insomnia 5 (13) 5 (23)
Decreased appetite 4 (11) 4 (18)
Weight decreased 4 (11) 5 (23)

Boceprevir for HIV/HCV coinfection: Study 
Design

• Two-arm study, double-blinded for BOC, open-label for PEG2b/RBV
• 2:1 randomization (experimental: control)
• Boceprevir dose 800 mg, TID

• 4-week lead-in with PEG2b/RBV for all patients
• PEG-2b 1.5 µg/kg QW; RBV 600-1400 mg/day divided BID

• Control arm subjects with HCV-RNA ≥ LLQ at TW 24 were offered open-
label PEG2b/RBV+BOC via a cross-over arm

Weeks            12            24      28                        48                        72

PEG2b
+RBV
 4 wk

Placebo + PEG2b + RBV
44 wk

Boceprevir + PEG2b + RBV
44 wk

Follow-up
SVR-24 wk

Follow-up
SVR-24 wk

PEG2b
+RBV
 4 wk

Arm 1

Arm 2

Futility Rules

Sulkowski et al. IDSA 2011, Boston, MA
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10/34 42/64 9/34 37/64

Summary of Safety

PEG2b/RBV 
(N = 34)

PEG2b/RBV + 
BOC 

(N = 64)

Days on study, median 166 211

Any AE, n (%) 34 (100) 63 (98)

Serious AEs, n (%) 7 (21%) 5 (8%)

Treatment-related Treatment-emergent
AEs, n (%) 34 (100%) 61 (95%)

Study Discontinuation Due to an AE, n (%) 3 (9%) 9 (14%)

Any Drug Modification Due to an AE, n (%) 7 (21%) 12 (19%)

Sulkowski et al. IDSA 2011, Boston MA

Most Common Adverse Events With a Difference of 
≥10% Between Groups*

PEG2b/RBV 
(N=34)

PEG2b/RBV + BOC
(N=64)

Days on study, median 166 211

Neutropenia, (%) 3% 13%

Dysgeusia, (%) 15% 25%

Vomiting, (%) 15% 25%

Pyrexia, (%) 21% 34%

Headache, (%) 12% 28%

Decreased Appetite, (%) 18% 30%

*A difference of ≥10% for patients receiving PEG2b/RBV+BOC when compared with PEG2b/RBV.

Sulkowski et al. IDSA 2011, Boston MA

Hematologic Adverse Events
PEG2b/RBV

(N=34)
PEG2b/RBV + 
BOC (n=64)

AnemiaAnemiaAnemia

     AEs, n (%) 9 (26) 19 (30)

     SAEs, n (%) 2 (6) 1 (2)

 AEs leading to discontinuation, n (%) 1 (3) 1 (2)

 Grade 2 (8.0 to <9.5 g/dL), n (%) 7 (21) 10 (16)

 Grade 3 (6.5 to <8.0 g/dL), n (%) 1 (3) 3 (5)

     Erythropoietin use, n (%) 7 (21) 17 (27)

     Transfusions, n (%) 2 (6) 4 (6)

NeutropeniaNeutropeniaNeutropenia

     AEs, n (%) 1 (3) 8 (13)

     Grade 3 (<0.75x109/L), n (%) 3 (9) 10 (16)

     Grade 4 (<0.5x109/L), n (%) * *

Sulkowski et al. IDSA 2011, Boston MA



Use of Antiretroviral Therapy

* To maintain blinding in this continuing study, data is only shown where at least 1 patient in 
each treatment group is represented.
† HIV PIs included  ATVr, DRV/r, LPV/r, fAMP/r, SAQ/r
† † NRTIs included TDF, ABC, 3TC, FTC

PR B/PR
Any* 34 (100) 64 (100)

HIV Protease Inhibitors† 31 (91) 54 (84)

   ATV/r
   Lopinavir/r
   Darunavir/r

13 (38)
10(29)
7 (21)

20 (31)
16 (25)
12 (19)

NRTIs†† 33 (97) 60 (94)

Integrase Inhibitors 4 (12) 11 (17)

CCR5 antagonists 1 (3) 1 (2)

Sulkowski et al. IDSA 2011, Boston MA

Drug-drug interactions & toxicities between 
antiretrovirals and anti-HCV agents

• PEG-IFN/RBV + AZT additive anemia

• d4T/ddI - avoid co-administration with ribavirin

• Telaprevir
–Compatible with TDF/3TC orFTC + boosted atazanavir or efavirenz
–Raltegravir

• Boceprevir
–Recent FDA warning - decreased levels of antiretrovirals
–HIV breakthroughs were equal in both PEG/RBV and PEG/RBV/

BOC groups (Sulkowski et al. CROI 2012)

HIV breakthroughs while on B/PR 
therapy

Sulkowski et al. IDSA 2011, Boston MA

Regimen

HIV RNAHIV RNAHIV RNAHIV RNAHIV RNAHIV RNAHIV RNA

Regimen BL TW4 TW12 TW24 TW36 EOT FW4

ATV/r <50 <50 --- 659 --- 53 2990

LPV/r <50 <50 <50 55 59 67 68

ATV/r <50 <50 <50 <50 243 --- 7870

Overall 7 HIV breakthroughs (>50 copies on 2 consecutive occasions), 4 
on P/R and 3 on B+P/R

Raltegravir lacks interactions with HCV protease 
inhibitors

• No clinically significant interaction between raltegravir and 
either boceprevir or telaprevir
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de Kanter et al. Clin Infect Dis 2012
van Heeswijk et al. J Infect Dis 2012
 

Raltegravir appears safe in HIV/HCV cirrhosis
Moreno et al. J AIDS 2012
 



Preliminary recommendations for the use of boceprevir or 
telaprevir in HIV patients coinfected with HCV genotype 1 

based on current ART use

ART Boceprevir Telaprevir

None Standard dose Standard dose

Raltegravir + 
2NRTIs Standard dose Standard dose

ATV/r + 2NRTIs Do not use* Standard dose

EFV + 2NRTIs Do not use* Increased dose 
(1125 mg q7-9h)

Other ART 
regimens

Consider deferral of HCV treatment 
if HCV disease minimal

Consider deferral of HCV treatment 
if HCV disease minimal

* Only under clinical trial supervision

DHHS Antiretroviral Guidelines

• Consider use of pegylated interferon/ribavirin without HCV 
(PI) if good prognostic factors for HCV treatment response 
(i.e. IL28B cc genotype or HCV RNA < 400,000 IU/mL)

• If possible, based on ART history and HIV genotype results, 
consider switching to a regimen listed above

• Consult an expert in the management of HIV and HCV co-
infection for patients with complex ART history or resistance

Guidelines for use of boceprevir/telaprevir for 
HIV/HCV genotype 1 coinfected patients

• Stable & compatible HIV regimen

• If possible, refer to clinical trials

• 48 week course (no data re: response-guided therapy)

• IL28B data for DAA/triple therapy not yet available

• No data re: efficacy of nonresponders

• Counseling re: pill burden, dosing frequency, duration of tx

• Close monitoring of HCV and HIV RNA

• Follow stopping rules
Thomas et al. Clin Infect Dis 2012

Naggie & Sulkowski, Gastroenterology 2012

Treatment summary

• New standard of care for genotype 1 infections include 
protease inhibitors

• Regimens are more complicated but more effective

• Therapy is highly individualized

• Availability of more effective treatment paradigms may drive 
more screening

• How will we overcome barriers to evaluate and treat?



Specifically-targeted antiviral therapy against 
HCV Pipeline of direct acting agents-HCV

Protease inhibitors

• Telaprevir

• Boceprevir

• TMC-435

• BI-201335

• Vaniprevir

• Narlaprevir

• Danoprevir

• GS-9256

• BMS-650032

• ACH-1625

• VX-500

• BIT-225

• ABT-450

NS5A inhibitors

• BMS-790052

• BMS-824383

• PPI-461

• AZD-7295

Entry inhibitors

• ITX-5061

NS4B inhibitors

• Clemizole

Polymerase inhibitors

• Filibuvir

• ANA-598

• BI-207127

• BMS-791325

• GS-9190

• PSI-7977 / GS-7977 sofosbuvir

• RG7129

• VX-222

• VX-759

• VX-916

• TMC-649128

• PSI-7977

• PSI-938

• MK-3281

• INX-189

• IDX-375

• ABT-072

• ABT-333

Future Strategies for HCV Therapy

• 2nd wave PIs

• Polymerase inhibitors

• Nucleoside

• Nonnucleoside

• NS5A inhibitors

• Alternative IFNs

• Combinations of DAAs with complementary MOAs and resistance 

– High barrier with high potency

– Quadruple therapy: PEG + RBV + 2 DAAs

• Host cofactor inhibitors

– High genetic barrier

Next generation protease inhibitor: 
simeprevir (TMC-135) - ASPIRE

• Randomized nonresponders QD 100 mg or 150 mg

0

25

50

75

100

Relapsers Partial Null

51

75
85

46
57

85

19
9

37

%
 S

V
R
 2

4
Placebo + P/R
TMC435 100 mg + PR48
TMC435 150 mg + PR48

Zeuzem S, et al. EASL 2012. Abstract 2. Lenz O, et al. EASL 2012. Abstract 9.  
Ouwerkerk-Mahadevan,S et al. IDSA 2012

TMC435 associated with mild, transient, asymptomatic increases in bilirubin
TMC435 has interactions with EFV, DRV/r



“Quad” = 2 DAAs + PEG/RIBA: 
GT1 null responders

Barcelona EASL 2012

Interferon-lambda- a kinder, gentler interferon

• PEG-IFN-lambda-1a versus PEG-IFN alfa-2a (w/ RBV)
– Alfa receptors multiple cell types, lambda hepatocytes/immune cells

• EMERGE data for genotype 2/3
• lambda 180 ug group had no RBV dose reduction, no significant 

neutropenia or thrombocytopenia

0

25

50

75

100

Lambda 120 ug Lambda 180 ug Lambda 240 ug Alfa 180 ug

53.3
60.0

75.9
65.5 SVR

Zeuzem S, et al. EASL 2012. Abstract 10. 

Lok et al. NEJM 2012

ABT450/r (PI) +ABT333 (NNI) + RBV x 12W in gt1 
HCV

0

25

50

75

100

ABT450/r 250/100 + ABT333 + RBV  naïve (n=19)ABT450/r 150/100 +ABT333 + RBV naïve (n=14)ABT450/r 150/100 + ABT333 + RBV         Exp (n=17)

47

9395
88

93
100

RVR
SVR12

Poordad  F  et al.; Lawitz E et al.  EASL 2012

ABT450/r 250/100 + 
ABT333 + RBV  naïve 

(n=19)

ABT450/r 150/100 + 
ABT333 + RBV naïve 

(n=14)

ABT450/r 150/100 + 
ABT333 + RBV         

Exp (n=17)



sofosbuvir GS-7977

• sofosbuvir is a potent, specific HCV nucleotide

• Safe and well-tolerated

• Once daily, with or without food

• Broad HCV genotype coverage

• High barrier to resistance, no known breakthrough to date

sofosbuvir or GS-7977: ELECTRON

Gane et al. AASLD 2011

Daclatasvir + GS-7977

Daclatasvir + Sofosbuvir ± RBV in Tx-Naive GT1, 2/3 Pts

Sulkowski M, et al. EASL 2012. Abstract 1422.  AASLD 2012 Abstract LB-2

Treatment-naive patients 
with 

GT2 or 3 
HCV infection

(n = 44)

Daclatasvir + GS-7977
(n = 14)

Daclatasvir + GS-7977
(n = 14)

Follow-up

Daclatasvir + GS-7977 + Ribavirin
(n = 14)

Daclatasvir + GS-7977 + Ribavirin
(n = 15)

Wk 1 Wk 24 Wk 48

GS-7977 dosed 400 mg QD. Daclatasvir dosed 60 mg QD. RBV dosed 
by body weight for GT1 pts (1000 -1200 mg/day); 800 mg/day for GT 2/3 pts.
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The “informed deferral”

• Patients / providers may together elect to defer therapy

• Particularly if earlier stage F0-F2, or contraindications to interferon

• Consider restaging those who are at risk for accelerated fibrosis 
(eg HIV)

• Continue prevention i.e. antiretrovirals, alcohol, nutrition

• Prevention of new cases

• Identification of new cases

• Access to care, liver transplantation 

• Less invasive tools for fibrosis assessment

• Access to novel and effective treatments

–Addressing provider shortage

–Addressing patient barriers

Opportunities to address HIV/HCV 
coinfection in 2012

Barriers to addressing & treating HCV

Biologic
High viral loads
Fibrosis / cirrhosis, HIV

Psychosocial
Stigma
Lack of awareness
Fear of evaluation and treatment
Substance abuse!
Neuropsychiatric comorbidities!
Poor adherence to treatment                !                      
 

Medications   
Side effects of treatment
Drug Interactions 
Lack of insurance 
High cost 

Provider
Dearth of providers
Lack of provider knowledge   


