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In order to study the effect of increased CD4 cell counts on the biology of hepatitis C virus (HCV), we analyzed
the genetic variability of HCV generated over 8 y in eight human immunodeficiency virus-1 (HIV-1) and HCV
co-infected patients. This was a retrospective study in which HIV patients were selected who had profound
immune impairment evident over four years and were co-infected with HCV genotype 1 and who then went
on highly active antiretroviral therapy (HAART). These patients achieved different degrees of immune recon-
stitution, measured as increased CD4 cell counts during a 4- to 8-y period, following initiation of HAART.
HCV genetic variability was determined by measuring the genetic diversity (Hamming distance, HD), and
complexity (number of viral variants) in plasma samples collected at yearly intervals just before and after the
initiation of HAART. The parameters were assessed by molecular cloning and sequencing of a 575-bp fragment
including the HCV envelope 1 and envelope 2 genes (E1/E2), containing the hypervariable region 1 (HVR1).
Significantly increased HVR1 genetic diversity was observed in analyzed samples where the patients’ CD4 cell
counts were 2100 compared with CD4 cell counts <100. A significant increase in genetic diversity in HVR1
was detected in co-infected patients whose CD4 cell counts increased from <100 to >400 over a period of
more than 4 y of HAART therapy. This was in contrast to a minimal increase in HCV genetic diversity of HVR1
occurring in patients whose CD4 cell counts failed to rise much over 200 over 7 y of follow up. Insertion and
deletion of HCV genomic fragments in the E1/E2 region was documented in one patient who developed ful-

minant hepatitis C.
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epatitis C virus (HCV) is a positive single-stranded

RNA virus with a substantial replication rate.

HCV infects patients as a quasispecies, charac-
terized by great genetic diversity, which can be measured
as the Hamming distance (HD).! This variability arises
from both HCV polymerase infidelity and evolutionary
adaptation to host immune pressure. Spontaneous viral
clearance after acute hepatitis C infection is associated
with a drastic decrease in viral diversity shortly after sero-
conversion. In those patients who fail to clear virus after
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seroconversion, this is followed by a marked increase in
diversity. In contrast, those patients who develop fulmi-
nant hepatitis after seroconversion show almost no viral
diversity.! Continued genetic variability allows vitrus to cit-
cumvent the immune response, leading to chronic infec-
tion resulting in the development of chronic liver disease,
cirrhosis, and in some cases hepatocellular carcinoma.

Co-infection by HCV and HIV are common. In the
United States, an estimated 150,000-300,000 HIV patients
are co-infected with HCV.?2 HIV infection appears to
accelerate the progression of HCV-related liver disease.
Progressive and often fatal hepatitis C infection result-
ing in aggressive cirrhosis, bleeding, and hepatocellular
carcinoma have become new severe problems for HIV/
HCV co-infected patients, who are surviving longer due
to highly active antiretroviral therapy (HAART).3-6
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The presence of HIV may increase the severity of
HCV infection by promoting high HCV replication and
the loss of CD4 cells. The enhanced HCV replication gen-
erates sequence variability through increased error rate
of the HCV polymerase. The immune system appears
to drive the diversity of the viruses and requires a CD4
cell threshold to demonstrate augmented viral sequence
diversity. In this study, we examined the HCV genetic
variability in eight HIV/HCV co-infected patients who
were subsequently treated with HAART. Six patients who
achieved undetectable viral loads had profound impaired
immune function, characterized by CD4 cell counts <100
cells/mm?3 persisting for more than 4 y ptior to initia-
tion of HAART. These patients showed variable degrees
of response to HAART, i.e., immune reconstitution, as
measured by increased CD4 cell counts. One patient with
milder immune impairment and stable CD4 cell counts
before and after HAART served as a control. An addi-
tional patient who failed to develop any measurable viral
or immunologic response to HAART therapy, and who
subsequently developed fulminant liver failure, was stud-
ied as a negative control. The viral variability was assessed
by sequencing the envelope gene (E1/E2) both within and
outside the hypervariable region 1 (HVR1). Isolated HCV
viral RNAs from patients’ plasma collected once each year
following HAART was analyzed by amplifying sequences
in this 575-bp area by reverse transcription polymerase
chain reaction (RT-PCR) and sequencing amplicons
cloned into bacterial vectors. We analyzed approximately
450 sequences from 45 samples taken from eight patients,
to examine genetic diversity and viral variants within this
hypervariable region of HCV. These finding were corre-
lated with the degree of immune reconstitution achieved
in these patients. The sequencing results indicate a strong
direct association between increased sequence diversity in
association with reconstitution of immune function, while
failure to improve immune function led to a paradoxical
blunting of viral diversity in association with progression
of liver disease.

PATIENTS AND METHODS
Patients

Eight HIV/HCV co-infected patients were chosen for
this study. They had been followed between 1989 and
2002 at the Center of AIDS Research and Treatment at
North Shore University Hospital. Blood samples col-
lected previously from patients who had participated in
an earlier study to determine the utility of the nucleic acid
sequence-based amplification assay (NASBA) for quanti-
tation of HIV viral RNA in plasma samples were used for
this study.” This NASBA study had been approved by our
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investigation review board (IRB). All patients provided
informed consent for the NASBA study, which allowed
samples to be used for other studies correlating viral
load to clinical disorders. HAART therapy was initiated
at some time after March 1996 in each of these patients.
These patients had samples taken prior to HAART and
after HAART or prior to death. The original plasma sam-
ples collected in EDTA tubes had been processed and
stored at —70°C for up to 8 y. Quantitative HIV viral load
had already been determined in each sample using the
NASBA assay.’” Selected samples taken at yearly intervals
following HAART were taken for this study. The mea-
surement of CD4, CD8 counts, and alanine aminotrans-
ferase (ALT) were carried out in the pathology laboratory
at North Shore University Hospital as part of the gen-
eral care of each patient. The genetic diversity (HD) and
genetic complexity (number of viral variants) of the HVR1
and flanking sequences from E1/E2 of the HCV genome
were determined in these yearly serial plasma samples as
pteviously described.!

RT-PCR

The viral sequences spanning the E1/E2 region contain-
ing HVR1 of HCV genome were selected for this study
based on previous publications® and are described in Fig-
ure 1A. Total RNA was extracted from 280 UL plasma
with QIAamp viral RNA mini kit (Qiagen, Valencia, CA)
following manufacturer’s instructions. Five microliters of
viral RNA was used in one-step RT-PCR reaction with
HCV-specific primers (Qiagen one-step RT-PCR kit).
Nested PCR was performed to increase the sensitivity and
specificity with a different set of primers. To ensure the
fidelity of DNA synthesis, a supplement of 0.1 U of Plati-
num Pfx DNA polymerase (Invitrogen, Carlsbad, CA) was
added to the RT-PCR and nested PCR reaction mix. The
primers from the E1 and E2 genes of the HCV genome
used in this study have been reported.® To reduce the risk
of contamination, appropriate precautions were taken.?

Molecular Cloning and Sequencing

The RT-PCR products amplified from the E1/E2 region
of the HCV genome were purified with High Pure PCR
Product Purification Kit (Roche, Indianapolis, IN),
cloned into a pDrive cloning vector, and transformed
into Qiagen EZ Competent cells provided in the Qiagen
PCR cloning kit according to manufacturer’s instructions.
Approximately 20 clones were selected at each time point
from each patient for sequence analysis. For sequencing,
plasmid DNA was extracted using a plasmid kit (Quan-
tum Prep MiniPrep Kit, Bio-Rad Laboratories, Hercules,
CA) according to the manufacturer’s recommendations.
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E1/E2 region of HCV with HVR1 in this study

A. 5 FIGURET
5 |
C|E1| E2INS1| NS2 NS3 NS4 ESS E1/E2 region of HCV with HVRT in this study.
| \ A: scheme of the genomic organization of HCV.
. - . The observed and predicted location of poly-
Amplificd PCR Rroduct. 575 bp nucleotides = protein cleavage sites are indicated. C, nucleocap-
m arr'lino ac1ds.withi!1 E1/E2 region El |3 sid protein gene; E, envelope gene; NS, nonstruc-
With 31 amino acids HVR1 = : : .
B tural protein gene. The location of PCR products is

MAWDMMMNWS PTTALVVAQL LRIPQAILDM IAGAHWGVLA GIAYFSMVGN

indicated under the HCV genome. B: E1/E2 amino
acid sequence and the location of HVR1.

WAKVLAVLLL FAGVDAGTHV SGGNAGHTVR GLTTIFAPGA KONIQLINTN

HVRI1

GSWHINRTAL NCNDSLNTGW IAGLFYSHNF NSSGCPERLA SCRRLTDFDQ

GWGPISHAYE GGPDQRPYCW HYPPKPCGIV PAKSVCGPVY C

The double-stranded plasmid DNA was sequenced using
ABI big dye terminator chemistry and modified Sanger
method on ABI Prism 3100 Genetic Analyzer (Applied
Biosystems, Foster City, CA).

Data Analysis

Genetic variability was analyzed from predicted amino
acid (AA) sequences (191 AAs in length, amplified from
the E1/E2 region of the HCV genome, including the
31 AA of HVRI, as shown in Figure 1B). After exclu-
sion of defective or unreadable sequences, approximately
450 clones derived from 45 samples from eight patients
were used in this analysis. The genetic variability was
represented as HCV genetic diversity and complexity in
this study. The genetic diversity was calculated by the
HD, measuring the number of amino acid differences
between two sequences.! The mean HD, the average of
the value taken for all the sequence pairs derived from
a single sample, was calculated separately for the 31-AA
HVR1 region and the 160-AA entire sequence outside
the HVR1.! The most frequently isolated viral sequence
from the initial pre-HAART patients’ samples was used
as an internal reference for subsequent viral sequence
comparison.

The HCV genetic complexity was indicated by the
number of viral variants within the 31-AA HVR1 and the
other 160-AA E1/E2 region outside the HVR1 from the
same samples. The phylogenetic trees were constructed
based on the 575-bp consensus nucleotide sequences from
each visit by using PHYLIP, Phylogeny Inference Package
computer programs for inferring phylogenies.!® At each
time point, we aligned at least 10 clones to generate con-
sensus sequences for each patient by use of ClustalW soft-
wate.! The GenBank database references used to confirm
the HCV genotype included 1A (D10749), 1B (ID11355),
and 1C (D14853).
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Statistical Analysis

The results in this paper are expressed as the mean = SD.
Relationships between quantitative variables were ana-
lyzed by Pearson’s product-moment correlation coefficient
(7). The statistical significance of 7 was tested using a #
test. The comparison of two different groups was done by
student’s 7 test with one-tail distribution and two-sample
unequal variance. In all tests, a P value less than 0.05 was
considered statistically significant.

Nucleotide Sequence Accession Numbers

The sequences were submitted to GenBank and were
assigned accession numbers as follows: AF529693-
AF529814, AF547436-AF547498, AF547500-AF547619,
AY342430-AY342613.

RESULTS
Subject Characteristics

We selected a total of eight patients for the current study.
One patient with relatively mild immune-suppression prior
to successful HAART (viral load <400 RNA copies/mL)
developed stable CD4 cell counts of ~500 cells/mm? while
on HAART (#1) was chosen as a control. Three patients
with profound immune suppression for over 4 y prior to
HAART therapy and who demonstrated only marginal
immunological improvement with successful HAART,
with CD4 cell counts rising from <100 cells/mm? to only
>100 to <300 cells/mm?3 (patients 2, 3, 4) were chosen as
marginal responders to HAART (group 1) . This group was
compared to a second group of similarly severely immune-
supptessed patients with CD4 cell counts of <100 cells/mm?3
for over 4 y prior to HAART but who showed significantly
greater improvement in immune function after initiation
of HAART, with CD4 cell counts increasing from <100
to >400 cells/mm? (patients 5, 6, 7) (group 2). Finally, one
severely immune-suppressed HIV patient with a CD4 cell
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TABLE 1

GENETIC VARIABILITY OF HCV WITH CD4 CELL COUNTS

Clinical Characteristics of Patients

HCV CD4 Count  ALT Level
Geno- HAART HIV Viral Load (Cells/mm?3) (Average)

Patient ~ Age(yr) Race Sex  type Therapy (Copies/mL)*  (Change) uU/L

1 45 A% F Ta Yes <50 414-638 174.2

2 46 %% M Ta Yes <50 33-161 55.5

3 51 W F 1b Yes <50 20-130 90.8

4 48 W F Ta Yes <50 15-277 113.7

5 58 B F Ta Yes <50 78-1196 71.0

6 45 W M Ta Yes <50 76-814 74.0

7 47 W M Ta Yes <50 50-422 71.0

8 NA W M Ta Yes >170,000 0-16 NA

*Results after HAART therapy.

count between 0 and 16 cells/mm? and with long-standing
HCV infection who failed to respond to HAART during
the 10 mo follow-up and who died from severe progres-
sive HCV was included as a nonresponding control to see
how viral diversity and complexity changed in unsuccessful
HAART (patient 8). The sequences from patient 8 were not
included in the analysis of genetic diversity and complexity
and are presented individually due to unusual viral genomic
changes detected in association with progressive severe
hepatic failure occurring while on unsuccessful HAART.
The relevant clinical information about the eight patients
in this study is described in detail in Table 1. The consensus
sequences were derived from 575-bp nucleotide sequences
generated from plasma samples taken at each subsequent
visit for all eight patients, and these were used for phyloge-
netic analysis.

The phylogenetic tree (data not shown) revealed dis-
tinct clusters of unique viral sequences for each patient,
indicating that the sequences from all of the samples were
internally consistent and without cross-contamination.
The phylogenetic reconstruction showed all patients were
infected with HCV genotype 1 based on the reference
sequences from known HCV genotypes. The sequences
from seven patients were clustered to HCV genotype 1a,
while one patient clustered to HCV genotype 1b (patient
3). The genotypes for these eight patients were consistent
with the results previously recorded in the clinical labo-
ratory, in which HCV genotyping was performed using
reverse hybridization with the line probe assay (LiPA;
InGeN, Rungis, France).

Higher Genetic Diversity in HIV/HCV Co-infected
Patients with CD4 Cell Counts >100 Cells/mm3

A total of 424 amino acid (AA) sequences were derived
from the PCR amplification and cloning of HCV viral
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sequences in 42 plasma samples drawn from seven HIV/
HCV co-infected patients. A survey of the derived AA
sequences was used to analyze genetic diversity and com-
plexity of the viral sequences in relation to the patients’
CD4 cell counts. The mean HD and the number of viral
variants were determined, and then compared with the
CD4 cell counts, at each sample draw. We assessed the
effect of changes in CD4 cell counts on the genetic
diversity and complexity within the 31-AA HVR1 as well
as the 160-AA E1/E2 regions outside the HCV HVRI.
As shown in Table 2, the mean HD in the isolates from
patients with CD4 cell counts =100 cells/mm? was sig-
nificantly higher than the mean HD when the CD4 cell
count was <100 cells/mm?, in the 31-AA HVR1 (4.7£5.3
vs. 20.5+13.9, P value < 0.0001), and in the 160-AA
E1/E2 outside HVR1 (3.522.4 vs. 6.614.9, P=0.0068).
The mean HD in HVR1 in the samples from patients
with CD4 cell counts =100 to <200cells/mm3, =200 to
<500 cells/mm3> and =500 cells/mm?3 were 20.5+10.4,
22.8%15.7, and 14.4£16.4, with P=0.0013, 0.011, and
0.0045, respectively, when compared with the samples
from patients with CD4 cell counts <100 cells/mm?.
The mean HD in the 160-AA E1/E2 region outside
HVR1 was 6.513.6, P=0.042 for CD4 cell count 2200 to
<500 cells/mm?3 and 8.2%6.6, P=0.016 for CD4 cell count
2500 cells/mm3 compared with CD4 <100 cells/mm?.
There was no significant difference in the mean number
of viral variants based on 10 sequences from each sample
within HVR1 and the E1/E2 region outside HVR1 in
the groups with different CD4 cell counts. No signifi-
cant difference in CD8 counts in these two categories
with CD4 <100 cells/mm?3 and =100 to <200 cells/mm3
suggested that the higher genetic diversity within HVR1
when CD4 >200 cells/mm3 was substantially driven by
CD4 cell counts.
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TABLE 2

Genetic Diversity, Number of Viral Strains and CD8 Cell Counts in HIV/HCV

Co-infected Patients with Different CD4 Cell Counts

CD4 <100 CD4 =100 CD4 >100 to <200 CD4 >200 to <500 CD4 > 500
(N=10) (N=32) (N=12) (N=7) (N=13)
CD4 Cell Count 60.1£23.8 414.2+278.5 141.2+£23.5 354.6160.5 698.4%+184.0
Genetic Diversity 20.5%£13.9 20.5£10.4 22.8%15.7 14.4+16.4
(Mean HD) HVR1 4.7%£5.3 p<0.0001 P=0.00013 P=0.011 P=0.0045
No. of Viral Variants
HVR1 41%£2.3 4.3+1.8 4.6%1.8 4.6%1.9 3.911.8
Genetic Diversity
(Mean HD) 6.614.9 6.513.6 8.2+6.6
E1/E2 Outside HVR1 3.512.4 P=0.0068 4.8+2.8 P=0.042 P=0.016
No. of Viral Variants
E1/E2 outside HVR1 7.8x£2.0 8.6%1.6 8.3+1.4 9.3%1.2 8.4%£1.9
930.0+£398.4 1202.6%+278.6 1110.9£300.7
CD8 Count 412.7£205.3 P<0.0001 577.4%+291.3 P<0.001 P<0.001

The genetic diversity was calculated by mean HD from predicted AA sequences within HRV1 (31 AA), and E1/E2
outside HVR1 (161 AA) obtained from each sample and the number of viral strains was based on the 10 predicted
AA sequences within HRV1 and E1/E2 outside HVR1 from each sample. The data represent mean * SD. P value for
comparison with the CD4 <100 cells/mm3 group by Student t-test. A P value < 0.05 represents statistical significant
difference. None of the other differences were statistically significant except where a P value is indicated.

Correlation of Genetic Diversity of HCV HVR1
in HIV/HCV Co-infected Patients with the
Change of CD4 Cell Counts

To determine the effect of an increase in CD4 cell counts
on HCV genetic diversity, we compared the HD and the
change of CD4 cell counts during the period of follow-up
in all seven HIV/HCV co-infected patients. Patient 1’s
CD#4 cell counts remained around 500 cells/mm? during
the 6 y of follow-up, while the mean HD within the HVR1
of HCV was shown to gradually increase over time. There
was no correlation between increased genetic diversity
within HVR1 and CD4 cell counts in this patient (Peat-
son’s correlation coefficient was 0.54, P>0.05, as shown
in Figure 2A). In group 1, CD4 cell counts increased over
time from <100 to =100—<300 cells/mm3. The mean
HD within the HVR1 was marginally changed over time.
Again there was no correlation between increased HVR1
genetic diversity and CD4 cell counts, with P>0.05 in
group 2, as shown in Figure 2B. In group 3 (patients 5, 0,
and 7), in which the CD4 cell counts increased dramati-
cally from <100 to >400 cells/mm?, there was a signifi-
cant increase in HVR1 genetic diversity observed during
the 6-y follow-up period. The increased HVR1 diversity
correlated with the change in CD4 cell counts, with 7 of
0.892, 0.850, and 0.822 with P=0.02, 0.03, and 0.01 in
patients 5, 6, and 7, respectively (Figure 2C). The results
strongly indicate a correlation between increased genetic
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diversity within HVR1 of HCV and increased CD4 cell
counts.

Increased Genetic Diversity of HVR1 of HCV in HIV/
HCV Co-infected Patients with CD4 Cell Counts
Increased from <100 to >400 Cells/mm3

To reduce the effect of the CD4 cell counts on genetic
diversity of HVR1 and the E1/E2 region outside of HVR1
of HCV in the initial samples, the average fold change of
HD during the period of follow-up was calculated using
the mean HD from the first visit as a baseline and a divi-
sor for the mean HD at subsequent visits. The average
fold change of HD within the HVR1 of HCV in group
2, where CD4 cell counts increased from <100 to >400
cells/mm? over the 6-y follow up showed a statistically
significant increase in average fold change in the HVRI
(P =10.0081, Table 3) when compared with group 1, whose
CD4 cell counts increased from <100 to <300 cells/mm3.
There was no significant difference in the average fold
increase in HD in the 160-AA E1/E2 region outside
HVRI1 between group 3 and group 2.

Individual HCV Genetic Complexity over Time

When we examined viral variants as genetic complexity
within the 31-AA HVRI1 region from each group individ-
ually, we found one viral variant in control 1 (with CD4
cell counts ~500 cells/mm? over 6 y, Figure 3a) in the
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FIGURE 2

Correlation of mean HD with CD4 cell counts. The bars repre-
sent the mean HD; the line, CD4 cell counts. The date of each
visit is labeled under the bars. A: Patient 1 with stable CD4 cell
counts over 6 y. Note litlle change in HD. B: group 1 with CD4
cell counts increased from <100 to <300 cells/mm?3 over 3-6y.
Changes in HD increase with improvementin CD4 count but not
to the degree seen in group 2 patients, whose CD4 counts rose
over 400 cells/mm3. C: group 2 with CD4 cell counts increased
from <100 to >400 cells/mm?3 over 5-7 y.
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isolates from the baseline and second follow-up sample,
and three viral variants in the last follow-up sample. In
group 1, with increasing CD4 cell counts from <100 to
>100-<300 cells/mm? over time, the baseline samples
showed a few viral variants in the isolates, with the num-
ber of viral variants detected increasing in small measure
during the follow-up period isolations, as seen in Figure 3
(B, C,and D). In group 2, which demonstrated an increase
in CD4 cell counts from <100 to >400 cells/mm3 in the
samples obtained during 4-7 years’ follow-up, new viral
variants appeared over time and became the predominant
species in the latest samples (Figure 3E, F, and G) even
though the total numbers of viral variants were not sig-
nificantly different, as shown in Table 3.

Viral Genomic Fragment Deletion in the
E1/E2 Region of HCV in a Patient with Severe
Progressive Fatal HCV Probably Complicated by HCC

Patient 8 harbored unusual genomic variants in plasma
samples obtained from three individual visits, over a
single-year period, shortly before the patient died from
HCV. As shown in Figure 4A, the baseline sample con-
tained two different viral sequences with a 21-AA frag-
ment insertion located between AAs 122 and 123 and a
21-AA fragment deletion from AA 153 to 173 out of the
11 E1/E2 region sequences we examined. Upon analysis
of the second sample, there was a single sequence with
a 43-AA fragment deletion from AA 115 to 157 in the
E1/E2 region among the seven cloned and analyzed
sequences (Figure 4B). This larger deletion appeared to
correlate with a general decline in health and liver func-
tion. The final patient plasma sample, obtained 10 mo
after the first sample, amplified viral sequences with large
HCV genomic fragment deletions in the E1/E2 region;
these appeared to be the predominant viral variants, since
all eight sequences demonstrated large fragment deletions.
Two sequences had a 123-AA deletion from AA 62 to
184, four sequences were analyzed with 127-A A deletions,
with two of the sequences having deletions of AA 31 to
157, and two of the sequences showed deletions of AA
59-185. In addition, two of the isolated viral sequences
had a 149-A A deletion from AA 32 to 180, as shown in
Figure 4C. This patient’s immune system failed to show
any improvement.

DISCUSSION

HCV was identified in 1989 as the major etiologic agent
of non-A, non-B hepatitis.!> One of the most disturb-
ing features of HCV is its long-term persistence in the
host, followed by development of chronic liver dis-
ease,'? cirrhosis, and in some cases hepatocellular carci-
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Genetic Diversity and Complexity in HVRI1 (#1)

Genetic Diversity and Complexity in HVR1 (#3)
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RK7C5 X 1  ——-=—==——=== —————- A-L- T--mmmmmm- -

N=9 CD4:559 HD:8.6+1.7 Fold Change of HD: 8.6

B Genetic Diversity and Complexity in HVR1 (#2)

C

BS1C18 x_1 GTYVSGGSAA FATSGVAGLF SPGAKQNIQL I
BSIC15_x 2 =--=m=m=m= ———m- ; S — -
BSIC6 x 2 ------- TT- R----LV-FL TR-------- -
BSIC9 X 1 E-R------- RGA--LV--L --—-—--=-- -
BS1C20_x_1 E-R------- R-A-AL--F- ———-—--—-- -

N=7 CD4:33 HD:16.1+13.3  Fold change of HD: 1.0
BS2C11l X 2 ------- Tem ¥YT-—-LV--L —=-—————m- -
BS2C4_ X 4  ------- T-- ST--KFVDF- —-—-—--—m- -
BS2C18 X 1 =—=-=-==--= ——oe- I-mmm e -

N=7 CD4:153 HD:20.748.3 Fold change of HD: 1.3
BS3C2 X 5 E-R-T---V- H-A-SF---- —--- R--—-- -
BS3C20_x 2 E-R-T---V- H-A-SF--F- -Q--R----- -
BS3C24 X 1 E-R-T---V- H-A-SF---- -Q--R----- -

N=8 CD4:161 HD:31.0+3.0 Fold change of HD: 1.9

BS4C2 X 7 E-R-T---V- H-A-SF--F- -Q--R----- -
BS4C4 X 1 E-R-T----- HDA--LVS-- -§-------= -
BS4C7 X 1  E-R-T---V- H-A-SF--F- -Q--R-S--- -
BS4C8 X 1  E-R-T--GV- H-A-SF--F- -Q--R---—- -
BS4C9 X 1  E-R-----V- H-A-SF--F- -Q--R---—- -

N=11 CD4:137 HD:35.5+2.0 Fold change of HD: 2.2

Genetic Diversity and Complexity in HVR1 (#5)

BCICl_x_6 TTHTTGGAVS RNTHSLTTLF SSGASQNIQL I
BCI1C2_X 2  ——----==== —mmmm—m—m - e -

N=8 CD4:20 HD: 2.4+1.5 Fold Change of HD: 1.0

BC2Cll X 3 ========== mme—e—e——— - P-—-————e -
BC2C7_X 5
N=8 CD4:51 HD:2.0+1.7 Fold Change of HD: 0.8

BC3C2 x 3  ———--—-—- G -———- F-—— - I -
BC3C3 X 4  —-—-mmmmmm —mme F-—— - I -
BC3C18 X 1 =—----=m—=— ———-- R -

N=8 CD4:130 HD:52+24  Fold Change of HD: 2.2

BC4C10 X 4 =—--—m——=mm H--R--————- - I -
BC4C22 X 2 —==—=-m==mm G ----G---F- PP-P------ -
BC4C25_x_3_ ~-=====-= G H--R------ - L -

N=9 CD4:59 HD:9.74+4.6  Fold Change of HD: 4.0

FIGURE 3

E

BBIC1_X 13 ETHVSGGSAG RSAARIANLF SPGAKQNIQL I
N=13 CD4:165 HD:0 Fold Change of HD: 1.0

BB2C1_X 12 —-======== —=—mmm—mm— —mmm o -
BB2C2_X 1  —--======= —=——=—= D-- ————--——-- -
BB2C11 X 1 --------—— - Ymmmmmmmm mmmmm - -
N=14 CD4:96 HD: 0.46+1.2 Fold Change of HD: 0.46
BB3C1B X_6 —--———=—=—= —=—=—=——=== ————— o -
BB3C5B X_1 —-——=—===== —=——————m— —mme oo v
BB3C6 X 1 --------- D ————m—m—mm —mmmm - -
BB3C16 X 1 ------ E--- ——————-——- -QAPSRV--- -
N=9 CD4:350 HD:3.6+7.8 Fold Change of HD: 3.6
BB4C1l_X 11 K-Y------- --T-GF-D-- -——--———-- -
BB4C12 X 1 K-Y------- --T-GF-D-- -L-------- -

BB5C4 x_3  Q-RLT-E--A H---GLVR-L T---—--—-- -
N=15 CD4:624 HD:19.6+0.9 Fold Change of HD: 19

BB5CY9 X 4 Q-RLT-E--A H-T-GLVR-L T----=--=-- -
BB5C15 X 1 R-RLT-E--A H-T-GLVR-L T--------- -

N=5 CD4:643 HD: 44.0+1.7 Fold Change of HD: 44.0

BB6C1_X 9  --RLI-D--A ----GVVR-L T-—---——-- -
BB6C10_x_1 --RLI-D--A ----GVVR-L TT-----—--- -
BB6C1l_X 2 --RLI-D--A HTT-A--K-L T-----—--- -
BB6C15 X_1 --RLI-DG-A ----GVVR-L T-----—--- -

N=13 CD4:814 HD:36.5+1.6 Fold Change of HD: 36.5

Individual changes of HCV genetic diversity and complexity over time. Thirty-one-AA sequences within HCV
HVRT1 region were aligned. The dashed line indicates the identical AA in that location. The number of the sequenc-
es, CD4 count, ID value, and fold change of the HD over time are indicated below each year’s AA sequence. A:
control, CD4 approximately 500 cells/mm3. B, C, and D: group 1, CD4 <100 to 300 cells/mm3. E, F, and G: group

2, CD4 <100 to >400 cells/mm3.

noma,'* cryoglobulinemia,'® and autoimmunity.!%!7 Due
to shared transmission routes, the prevalence of HCV is
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especially high among persons infected with HIV. HIV
infection appears to accelerate the progression of HCV-
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D Genetic Diversity and Complexity in HVR1 (#4)

VC1C1l5_X 2 STHTIGGNAA RTTAGFAGLF SPGASQNVQL I

VC1C6 X 2 ---————- G-- --—- §-L-——= —————————— - ves5cl1 X 5 --Y-T--SV- H--SV---I- N--------- -
VC1CE X 1 —-mm=m- G-- H--8-L-—-—-— —————————— - ve5C5 X 2 --T----8V- H--8-L--I- N---====-= -
VC1C5 X 1 ---A-==G-- H-=SRL-=== =m=m-=———— - ves5c9 X 1 --Y-T--SV- H--SV---I- N------A-- -
VCIC18 X 1 =—mmmmmmmmm —m- Fommmm—m | — - vCc5€14_X 1 --T----SV- H--S-L--I- D--------- -
VC1C20 X 1 ------- SV- -—-§--T-—- N---—--—-- -
Ve1c21l X 1 ------ e e — _ N=9 CD4:151 HD:22.9+5.2 Fold Change of HD: 2.3
N=9 CD4:63 HD:10.0+6.9 Fold Change of HD: 1.0
VC6C1_X 8 --Y-T--SV- H--SV---I- N-------—- -
VC2C2 X 4 -----——- G-- --—- §-L-——= ————————t - vcéce X 2 --T----8V- H--S-L--I- N--------- -
VC2C5 X 1 -===-T==8V- ===8=-Tee= Nem——————— - vc6C1l3 X 1 --T----SI- -S-STI-SF- N--------- -
VC2C9 X 1 =mmmmmmmm= mmemceceee —ce—e—————- - _ . . .
ey e em T © N=11 CD4:179 HD:24.3+4.7 Fold Change of HD: 2.4
VC2C27 X 1 ------- - SR R * M S——— -
: ) . VC7€1_X 3 ----V--SI- H--§-L--F- N----- KL-- -
N=8 CD4:106 HD:9.7+7.9 Fold Change of HD: 1.0 VCICZ XL Vo8I~ Ho8-To¥- Nooommmem i}
vc3c3_X 3 G-T----S-- HS-STI-SI- N--------- - VC7C3_ X 1 --T----SV- H--S-L--I- N--------- -
VC3C7T X 6 ------—- 8YV= H==87A===I= R========= = vVC7c4 X 3 --Y-T--8V- H--SV---I- N--------- -
Py vc7C7_X 1 -A--V--8V- ¥--S-L--I- N----- KL-- -
N=9 CD4:139 HD:22.6+4.9 Fold Change of HD: 2.3 VC7C8 X 1 G---V--SI- H--S-L--F- N----- KL-- -
VC4Cl X 2 --T--————- H-———————- K-———————- - VC7Cll X 1 ------- G1= He=8==T=es Hescscane= -
VC4C2 X 1 ———mmmm D-= H-m—m—m——m S — - vc7c13_X 1 --Y-T--SV- H--S-L--FS N----- KL-- -
VC4C6 X 2 ---------- H-——-—-——- K--—-===-- -
VOACT X 2 - ESV- BV Tm Hommmmmmmm _ N=12 CD4:149 HD:23.4#5.0 Fold Change of HD: 2.3
N=7 CD4:277 HD:17.3+5.4 Fold Change of HD: 1.7
F Genetic Diversity and Complexity in HVR1 (#6)
LSIC7_X 6 ATYTSGGSIA RATYGLSSLF EPGAQONIQL I LS5C5_X 2 E-HV----AG -SAARIAN-- S---K----- -
LS1C22_X_5 -— I- - - LS5C6_X_6 E---T---== =-=F--T-FL Q---K----= -
LS1c29 X 1 II- - LS5C8_X 1 V-H------- -T-RAFYN-- DQ-------- -
LS5C9 X 1 E-HV-W--AG -SAARIAN-- S---K----- -
=12 CD4:50 HD: 1.912.2 Fold change of HD: 1.0 LSSCIE_E_I E---T--==-= ===F--T-FL Q---K----- T
Ls2c2_X 9 -— - - LS5C17_X 1 E-HV----AG -SAARIAN-- S---K----- -
Ls2C12_X 2 - I- - -
1§2€15 X 1 T - =12 CD4:422 HD: 34.0+10.0 Fold change of HD: 17.9
Ls2€20_X_1 T F- T LS6C1_X 1 E------- A- ST-SRIAG-L T--SK--V-- -
=13 CD4:60 HD:1.0+1.6 Fold change of HD: 0.53 ::22:‘;’; : """ .- Q“:"“‘"' g‘“ﬁ'g“‘ -
L83CR 38 oA Po-SEEMG- NPV - LS6CH X1 E--------- Q-~F-~-IL QR--K-D--- -
183013 % 2 - & o i LS6C11_X 1 E---mmm-mmm Q-AF--T--L QR--K-D--- -
i R b T LS6C20_X 1 ----T---A- ST-SRIAG-L T--SK-D--- -
LS3C14_X 1 -------= V- FT-SRIAG-- NQ-LK--V-- - N=8 CD4: 396 HD: 35.5+6.0 Fold change of HD: 18.7
=11 CD4:100 HD: 27.0+16.0 Fold change of HD: 14.2 t::g:_;_i E--ommmom- g;“sa;:':' gg';:‘g'" -
g:g;—i—; E-------L- :::g::ﬁ; D:::i::': - LS7C5_ X 1 ==mmmmmm A- FT-SRVA--- DL-PK-DV-- V
Lsdca X1 DV R g _________ - LS87C7T_X 5 E--------- Q--F--T-IL QR--K-D--- -
18406 X1 T o oo B R Koo - LS7C9_X_2 E------ N-- --- S--ARF- QQ--K-D--- -
LS4cT X1 - Re- Do - LS7C11_x 1 E--------- Q-AF--TR-L QR--K-D--- -
LSACIZ F 1 Mooommmmee = P ‘_‘P_ A---K:---- _ LS7C12_X 2 --------. - FT-SRVA--- DL-PK-DV-- -
w:cizzx:; E---T----- -=-F--T-FL Q---K----- - =13 CD4:277 HD:35.0+53 Fold change of HD: 18.4
L84017 K1 Boooooo D Yo RNE- BB - LS8CL x 8 E--------- Q--F--T--L QR--K-D--- -
LS4C19 X 1 E-—----mmm Q--F--T-IL QR--K-D--- - LS8C3 X 1 E------ R S--ARF- QQ--K-D--- -
194020 % 1 —ooTomoon o S P DKo B LS8C4 X 1 =-mmmmm-. A- FT-SQFA-F- SQ-PK-D--- -
= LSBCT_x_1 T-H---A-MG -T-R-VAN-- S--------- -
LSBC8_X 4 E--------- -AF--TR-L QR--K-D--- -
N=14 CD4:124 HD: 24.016.0 Fold change of HD: 12.6 LSSCIE_;_I ) - S —— g_u__m-;, g__x_n-u- -
LS8C13 X 1 T-HA--T--G ---H-VAN-- S---K----- -
LS8C15_x 1 T-HA--T--G ---F--T--L QR--K-D--- -
LS8C16_X 1 E-—------- Q--F--TR-L QR--K-D--- -
N=19 CD4: 364 HD: 34.0+3.8 Fold change of HD: 17.9
FIGURE 3 (continued)
related liver disease!®—an issue whose importance has long-term undetectable HIV viral load and increased CD4
increased with prolonged survival of HIV-infected pet- cell counts, liver failure has become one of the leading
sons receiving HAART. In HIV-infected patients with causes of mortality. Therefore, understanding the effect
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G Genetic Diversity and Complexity in HVRI1 (#7)
PFAC1 x 2 N-Y----——- S R---GFTG-L -L-P------ -
PF1C2 X 9 ETHVTGGSAG HTVASLASLF TSGAKQNIQL V PF4C2 X 1 R-Y s G---F- RL-P -
PF1C3_X 1 F---- - PFAC4_x_2 N-Y------ § ----G--R-- A--PR----- -
PFI1CB X 1  ---------- —---- G---== ————-——--- - PFAC11 X 2 D-¥------ § ----G--R-- A--PR----- -
PFIC15 x 1 -A === - PF4C12 X 1 N-Y------= R-M-GFTGF- RL-P------ -
PFAC13 X 1 N-Y------ S R-T-GFTG-- RL-P------ -

N=12 CD4:91 HD:1.1+1.6

PF2NC3_X 10 — -
PF2NC8 X 1 -----=--=== —=-- GF-G-L SP-======= -
PF2NC12_X 1 G
PF2NC19 x 1 -- -— -=R-- -
PF2NC20_X 1 F--F- -

N=14 CD4:78 HD:2.3+5.3 Fold Change of HD:2.1
PF3C1 X 1 --—------ § -=--VG-T--= =—==P=-===== =
PF3C5_X_1 s G ——-p -
PF3C6_X 5 -- --8 G----L ===Pmmmm-m -
PF3C1l_x 1 ==-====-= § -A--G----L =-=-P------ -
PF3C19 x 1 -----=---- § ----GFT--- —-- S J— -

N=9 CD4:828 HD:13.6+2.2 Fold Change of HD:12.
FIGURE 3 (continued)

Fold Change of HD:1.0 N=9 CD4:737

HD:29.848.0 Fold Change of HD:26.4

PF5C1 X 5 T-YA----- § ----GI--F- KL-PS----- -
PF5C2_X 1 Q-Y¥----- VS RA-GG-TG-- E--PN----- I
PF5C5 X 2  T-YAS----§ =-=-=-GIV-F- R--P§----- -
PF5C10_x_1 G---S--N-- ---RG-TT-- -P-----—-- 1
PFSCIS_X_I Q=YI=meea= -AA-GIT--- KL-PN----- I

N=10 CD4:1196 HD:37.7+4.6 Fold Change of HD:34.3

PF6C14_x_4 T-YAS----S -S--GIV-F- R--PS----- -
PF6C16 X 1 T-YAS----§ -§--GIV--- R--PS----- -

N=5 CD4:810 HD:41.3+6.6 Fold Change of HD:37.6

4

of immune reconstitution, due to HAART therapy, on
HCV replication and genetic variability in HIV/HCV
co-infected patients is important for the development of
strategies to control both viruses.

This study shows a clear correlation between increased
HCV genetic diversity and CD4 cell counts in HIV/HCV
co-infected patients with significant immune reconstitu-
tion. This study has uniquely characterized the effect of

TABLE 3

immune reconstitution, measured by CD4 cell counts, on
HCV genetic variability, and differs from previous studies
in several significantly ways.

First, to avoid the potential for genotype-specific dif-
ferences in variability, we restricted our analysis to sub-
jects infected with HCV genotype 1, the most prevalent
genotype in the United States. Indeed, a study of HIV/
HCV co-infected patients found that the complexity of

Increased Genetic Diversity of HVRI and EI/E2 outside HVRI

Years of

Total No.
follow up Sequences

Increased Genetic
Diversity—E1/E2 outside
HVRT1 (Fold Change)

Increased Genetic
Diversity—HVR1
(Fold Change)

Patient 1T CD4 = 500

cells/mm3 11 7
Group 1 12 4
CD4<100-300 13 4
cells/mm3 14 8
Group2 15 8
CD4 <100 to >400 16 7
cells/mm3 17 7 1

62
33
31
66
59
69
04

3.955%3.775 5.093%£4.498

1.603%£0.555 1.839£0.962
2.002+1.463 0.456%0.395
1.855+6.389 2.595+1.284
19.5374£16.513 1.330+0.979
17.357+19.252 1.594+1.284
12.797+7.741 0.890+0.348

P=0.0081*

The genetic diversity was calculated by mean hamming distance from predicted amino acid sequences
within HRV1 (31AA) and E1/E2 outside HVR1 (160AA) obtained from each sample. Average of
increased genetic diversity = average of mean HD of the each sample/ mean HD of the first sample

in each patient. Patient 1: CD4 cell counts maintained at = 500 during the period of study. Group 1:
CD4 cell counts increased from <50 to >100-<300. Group 2: CD4 cell counts increased from <100 to

>400. *Group 2 compared with group 1.
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A Alignment of AA Sequences from #8 in 1% Visit(Insertion and Deletion)

JF1C4A
JF1C1A
JF1C2A
JF1CBA
JF1C21
JF1C25
JF1C28
JE1C30
JF1C31
JF1C35
JF1C36

JF1C4A
JF1C1A
JF1C2R
JF1C8A
JF1C21
JF1C25
JF1C28
JF1C30
JF1C31
JF1C35
JF1C36

101
100
101
101
101
101
100
101
101
101
101

130
129
130
130
151
130
129
130
130
151
130

GSWHINRTAL
GSWHINRTAL
GSWHINRTAL
GSWHINRTAL
GSWHINRTAL
GSWHINRTAL
GSWHINRTAL
GSWHINRTAL
GSWHINRTAL
GSWHINRTAL
GSWHINRTAL

FNSSGCSERL
FNSSGCSERL
FNSSGCSERL
FNSSGCSERL
R

NCNDSLNTGW
HCHDSLNTGW
HCHDSLNTGW
HCHDSLNTGW
HNCHDSpghrl
HCHDSLNTGW
HCHDSLNTGW
NCHDSLNTGW
HCHDSLNTGW
HCHDSLNTGW
HCHDSLNTGW

ASCRPLTDFD
ASCRPLTDFD
ASCRPLTDFD
ASCRPLTDFD

WGLLYYNE

AGLLYYNE

-

LLYYNK
\WGLLYYNE

DSRASLLOOT

LERLFRGGW PAAGLLPILT

\WGLLYYNE

-

AGLLYYNEK

AGLLYYNE

4

AGLLYYNE

DSRASLLOOI HLFRLFREAG PAAGLLLILT

-

AGLLYYNE

QGWGPISYAN -GSGLDQRPY
QGWGPISYAK -GSGLDORPY
QGWGPISYAN -GSCLDQRPY
QGWGPYQLRP MEAASTNAPT

FNSSGCSERL
FNSSGCSERL
FNSSGCSERL
FNSSGCSERL
RD

ASCRPLTDFD
ASCRPLTDFD
ASCRPLTDFD
ASCRPLTDFD

FNSSGCSERL

ASCRPLTDFD

CALSVTP MGGGLDQREY
QGMGPYQLRQ WGAGLDQREY
QGWGPISYAN -GSGLDQRPY
QGWGPISYAN -GSGLDQREY
QGWGPISYAN -GSGLDQRPL
GALSVTP MEAASTNAPT
QGMGPYQLRQ WkrASTNABT

CWHY-PPEPC
CWHY-FPEPC
CWHY-PPETL
AGTT-PPKPC
CWHY-PPKEC
CWHY-PPEPC
CWHY-PPKPC
CWHY-PPNLV
1lalpPQNLV
AGTT-PONLV
AGTT-PQNLV

Alignment AA Sequences from #8 in 2" Visit (Deletion)

JF1C4A
JF2C9

JF2C12
JF2C14
JF2C15
JF2C16
JF2C18
JF2C19

JE1C4A
JF2C9

Jr2cl2
JF2C14
JF2C15
JF2C16
JF2C18
JF2C19

101
101
101
101
101
101
101
101

151
151
151
151
151
115
151
151

GSWHINRTAL
GNWHINRTAL
GSWHINRTAL
GSWHINRTAL
GSWHINRTAL
GSWHINRTAL
GSWHINRTAL
GSWHINRTAL

GWGPISYANG
GWGPISHAYk
GWGPISYANG
GWGPISYANG
GWGPISYANG
GWGPISYANG
GWGPISYANG

NCNDSLNTGW
NCNDSLNTGW
NCNDSLNTGW
NCNDSLNTGW
NCNDSLNTGW

IAGLLYYNEF
IAGLLYYNKF
IAGLLYYNEF
IAGLLYYNKF
IAGLLYYNEF

NSSGCSERLA
NSSDCPERLA
NSSGCSERLA
NSSGCSERLA
NSSGCSERLA

SCRPLTDFDQ
SCRRLTDFDQ
SCREFLTDFDQ
SCRPPTDFDQ
SCRPLTDFDQ

NCN[»
NCNDSLNTGW
NCNDSLNTGW

SGLDQRPYCH
gGPDQRPYCH
SGLDQRPYWH
SGLDQRPYCHW
SGLDQRPYCH
SGLDQRPYCH
SGLDQRPYCH
SGLDQRPYCHW

IAGLLYYNKF
IAGLLYYNKF

HYPPEPCGIV
HYPPnlavlc
DYPPKPCGIV
HYPPKPCGIV
HYPPEPCGIV
HYPPKPCGIV
HYPPEPCGIV
HYPPKEWGIG

NSSGCSERLA
NSSGCSERLA

PAKSVCGEVY
pgracvaril
PAKSVCGPdi
PAKSVWGEVY
PAKSVCGEVY
PAKSVCGEVY
PAKSVCGEVY
PAKSVCGPVY

SCRPLTDFDQ
SCRPLTDFDQ

oOoOoOoO0O—~0

C Alignment of AA Sequences from #8 in 3 Visit (Deletion)

JF1C4A
JF3C3
JF3C8E
JE3C7
JF3C8
JF3C9
JF3C10
JF3C19
JEF3C20

JF1C4a
JF3C3
JF3C6
JF3C7
JF3C8
JF3C9
JF3C10
JF3C19
JF3C20

JF1C4a
JF3C3
JF3C6
JF3C7
JF3C8
JF3C9
JF3C10
JF3C19
JF3C20

il el el e

MAWDMMMNWS
MAWDMMMNWS
MAWDMMMNWS
MAWDMMMNWS
MAWDMMMNWS
MAWDMMMNWS
MAWDMMMNWS
MAWDMMMNWS
MAWDMMMNWS

WAKVLVVLML
WAKVLVVLML

PTAALLLAQV
PTARLLLAQV
PTAALLLAQV
PTAALLLAQV
PTAALLLAQV
PTAALLLAQV
PTAARLLLAQV
PTPAVLLAQV
PTAALLLAQV

Fagvdaethv

LRIPQAILDM
LRIPQAILDM
LRIPQAILDN
LRIPQAILDM
LRIPQAILDM
LRIPQAILDN
LRIPQAILDM
LRIFPQAILDM
LRIPQAILDM

tgattgrats

IAGAHWGVLA
IAGAHWGVLA

GIAYFSMVGN
GIAYFSMVGN

IAGAHWGVLA
IAGAHWGVLA

GIAYFSMVGN
GIAYFSMVGHN

IAGAHWGVLA

GIAYFFMVGN

svvgffsgga

kgdiglintn

WAKVLVVLML

WAKVLVVIS

WAKVLVV

gwgpisyANG

SGLDQRPYCW

HYPPEPCGIV

PAKSVCGEVY

T NG

SGLDQORPYCH

HYPPKPCGIV

JCGPVY
PAKSVCGEVY

VCGPVY

— G

SGLDQRPYCW

HYPPEKPCGIV

GPVY
PAKSVCGEVY

GPVY
PRKSVCGPdi
PAKSVCGPVY
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GENETIC VARIABILITY OF HCV WITH CD4 CELL COUNTS

FIGURE 4

Alignment of AAs from patient 8. A: 21-AA inser-
tion between AA 122 and 123, 21-AA deletion in
the region AA 133 to 153 in 2/11 sequences from
the first visit. B: 43-AA deletion in the region AA
115 to 157 in 1/7 sequences from the second visit.
C: Two 123-AA deletions from AA 62 to 184, two
127-AA deletions from AA 31 to 157, two 127-AA
deletions from AA 59 to 185, two 149-AA deletion
from AA 32 to 180 among eight sequences from
third visit.
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HVRI1 differed according to HCV genotype.!%20 Similarly,
other researchers have noted lower genetic diversity in the
patients/subjects infected with HCV genotype 2 or 3.%!

Second, our patients had severe impaired immune
function with CD4 cell counts <100 that persisted for
more than 4 y before initiation of HAART, which pro-
vides a baseline of HCV genetic variability mainly intro-
duced by HCV replication without immune suppression.

Third, the samples obtained in yearly intervals over
3—0y following initiation of HAART provide a sufficient
timeline to gauge the effect of increasing CD4 cell counts
and viral replication on HCV variability. Finally, the dif-
ferent degrees of immune reconstitution characterized as
CD4 cell counts from <100 to 1000 cells/mm?3 allows us
to analyze the effect of incrementally increased CD4 cell
counts on HCV genetic variability.

The genetic variability was represented as HCV
genetic diversity (mean HD) and complexity (number of
viral variants). A total of 424 AA sequences were derived
from 42 plasma samples taken from seven HIV/HCV
co-infected patients, and were used to determine genetic
diversity and complexity analysis based on the CD4 cell
counts. We found the mean HD when the CD4 cell counts
wete 2100 cells/mm3 were significantly higher than when
the CD4 cell counts were <100 cells/mm?. This suggests
that increasing CD4 counts put tremendous immunologi-
cal pressure on HCV, which can be overcome only by
an increased genetic diversity of the HVR1 region. This
seems to occur when the CD4 cell counts rises above
100 cells/mm?. Diversity in the E1/E2 region outside
HVR1 becomes apparent only after the CD4 cell count
rises to 2200 cells/mm?>. When the patients were classified
into two groups based on the degree of increase in CD4
cell counts following HAART, we found significantly
increased genetic diversity of the HVRI1 region as CD4
counts rose in both groups. However, there was a posi-
tive correlation between genetic diversity of HRV1 and
CD4 cell counts in group 2, where the CD4 cell counts
increased from <100 to >400 cells/mm? during the fol-
low-up period, in contrast to group 1, where there was less
impressive improvement of immunity. A gradual increase
in genetic diversity in the HVR1 region was noted in a
control patient with stable CD4 cell counts ~500 cells/
mm? over a 6-y extended follow-up. The results support
the hypothesis that both CD4 cell immune-dependent
accumulation of genetic diversity and mutation caused by
viral replication error in HVRI1 contribute to this effect.

The distribution of mutations has been reported to be
uneven, but the basis of this variability is unexplained. A
hot spot for mutation is described within the HVR1, which
presents B and T epitopes shown to induce protective
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immunity against HCV.22.23 It is postulated that genetic
variation results in the production of HCV quasispecies.
Interactions between host and virus selects for those
quasispecies better adapted to survival. CD4 cells have
important regulatory functions through their Th1/Th2
secretion profiles, which support either CTL responses
or antibody production. HIV infection thus may serve
as a model to study the influence of humoral and cellular
immune deficiencies on HCV genetic heterogeneity. In
contrast, early studies provide conflicting results because
of shortcomings in characterization of the studied popu-
lations. In order to reduce the basal genetic diversity and
complexity, only the patients who had CD4 cell counts
<100 cells/mm? for more than 4 y were included in our
study. The increased genetic diversity with increased CD4
cell counts may suggest that under CD4 cells” immune-
suppression, new HCV quasispecies are produced due to
the high mutation rate. These new quasispecies are better
able to survive due to immune escape. Our phylogenetic
analysis results also support this hypothesis (data not
shown). When CD4 cell counts were stable during the fol-
low-up (patient 1), there was no tendency to form clusters
with sampling time. No major new quasispecies appeared
without a change of CD4 cells’ immune suppression. The
emergence of new quasispecies was observed only after
increasing CD4 cell counts, especially when the CD4 cell
counts increased from <100 cells/mm3 to >400 cells/mm?3
(data not show). Our study clearly indicates that the HCV
genetic diversity of HVR1 was mainly driven by immune
suppression exerted by CD4 cells and exacerbated by HCV
replication error. When CD4 cell counts significantly
increase in HIV/HCV co-infected patients with success-
ful HAART, the restored CD4 cell immunity breaks the
balance between HCV virus and host with the emergence
of new viral quasispecies. A higher viral replication rate
may aid in survival, also allowing the virus to escape the
restored immunity, or avoid clearance from the body.

Finally, we observed an increased incidence of inset-
tion and deletion of E1/E2 region in the HCV genome in
one patient who failed to respond to HAART and died
from progressive HCV. This is the first report of genomic
insertion and deletions within the E1/E2 region of HCV
temporally followed by large fragment deletions in this
region in a patient who developed rapidly deteriorating
hepatitis C. Whether these deletions are seen specifically
in patients whose hepatitis C suddenly worsens with pro-
gressive HIV needs to be explored further in patients
dying of progressive hepatitis C complicating HIV to bet-
ter understand how such massive genomic deletions come
about and to understand what role these deleted virions
play in the progression of HCV liver disease.
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