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Abstract
Chronic infection by Hepatitis C virus (HCV) causes liver fibrosis, which is accelerated by
unknown mechanisms in patients with HIV-1 coinfection. The evolution of HCV quasispecies in
this setting of coinfection is not fully understood. To compare HCV quasispecies between HIV-
HCV coinfection and HCV monoinfection, we sequenced 340 HCV clones from the HVR-1 and
NS3 regions at two different time points in two groups of treatment-naïve patients with HCV-1a
infection: (1) HIV-HCV positive (n=6); and (2) HIV negative-HCV positive (n=3). In HCV/HIV
coinfection, we found a trend for reduced HCV genetic complexity and diversity, and a trend
towards reduced dN/dS ratios in the HVR-1 region, especially in those patients with CD4<200
cells/mm3, who lost positive selective immune pressure in the HVR-1 region. Differences in
immune regulation of HCV quasispecies in HIV coinfected individuals deserve further exploration
to clarify the different outcomes of chronic hepatitis C noted between the immunocompromised
and the immunocompetent host.
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Hepatitis C virus (HCV, Flaviviridae family, genus Hepacivirus) coinfection in Human
Immunodeficiency virus-1 (HIV, Retroviridae family, genus Lentivirus) infected individuals
is a clinical problem worldwide, and results from studies on the evolution of HCV in HIV-
HCV coinfection are controversial (Thomas, 2002; Devereux et al., 1997; Sherman et al.,
1996). We analysed two groups of treatment-naïve patients infected with HCV-1a: (i) HIV-
HCV coinfection and (ii) HCV monoinfection. We studied HCV clones from the
hypervariable region-1 (HVR-1) target for neutralising antibodies, and from the non-
structural protein 3 (NS3), target for the cellular immune response. Our endpoint was to
determine the effects of HIV-coinfection on HCV genetic variation.

Two groups of male individuals infected with HCV subtype 1a (Inno-LIPA HCV II,
Innogenetics, Zwijndrecht, Belgium) were selected from a natural history cohort attending
the San Francisco Veterans Administration Medical Center (SFVAMC) and San Francisco
General Hospital (SFGH). Group 1 included six patients with HIV-HCV coinfection
selected on basis of the following criteria: anti-HIV, anti-HCV, and HCV-RNA positive;
CD4 counts <200 cells/mm3 (n=3) or >200 cells/mm3 (n=3). Group 2 included anti-HIV
negative individuals (n=3) with chronic hepatitis C (anti-HIV negative, anti-HCV and HCV-
RNA positive) as controls. All the patients had clinically-proven chronic hepatitis C
(abnormal ALT and detectable HCV-RNA by nested-PCR over time), negative hepatitis B
surface antigen (HBsAg), and negative anti-hepatitis B core IgM antibodies (anti-HBc IgM).
Serum samples were obtained at two different time points (mean interval between samples
13.8 months). Patients did not receive antiviral therapy prior to or during the observation
period. The study was approved by the University of California San Francisco (UCSF)
Board, and informed consent was obtained in writing in every case.

HCV-RNA extraction, reversed transcription and polymerase chain reaction (RT-PCR) were
performed using primers from the HCV HVR-1 or NS3 regions (table 1), as described
(Chazouilleres et al., 1994;Lopez-Labrador et al., 2004;Weiner et al., 1991). Purified PCR
products (Wizard PCR, Promega, Madison, WI) were cloned by using the TA Cloning Kit
(Invitrogen, Carlsbad, CA), plasmids extracted with the Wizard Plus Minipreps (Promega)
and sequenced at the UCSF Medical Center Sequencing facility using BigDye chemistry on
an ABI 3700 DNA sequencer (Applied Biosystems, Foster City, CA). HCV-RNA was
quantitated with the Amplicor HCV Monitor test v2.0 (Roche diagnostics, Branchburg, NJ),
after 1:10 dilution (Martinot-Peignoux et al., 2000).

Both positive controls (HCV-RNA positive sera with known amounts of HCV-RNA) and
negative controls (HCV-RNA negative sera) were included in every extraction-RT-PCR run,
to ensure that sufficient viral RNA was extracted and subjected to RT-PCR amplifications
prior to cloning. Only runs with positive HCV-RNA results for positive controls and
negative results for negative controls were accepted, both for the HVR-1 and NS3 PCRs,
and all runs were checked for sensitivity by a nested PCR of the 5′NC region performed in
parallel. In addition, all samples were HCV-RNA positive in separate runs from different
aliquots, used for clinical routine determinations (Amplicor HCV Monitor v2.0, and viral
genotype by LiPA). Since all patients included in this study were infected with HCV
subtype 1a, we designed subtype-1a specific primers after inspection of HCV genotype-1
aligned sequences from Genebank, in order to avoid selective amplification bottlenecks of
certain HCV variants in a given sample. To avoid underestimation of HCV variants present
in samples from patients with low viremia levels, approximately the same amount of PCR
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products (amplicons) from each sample was used for cloning experiments, reducing the
possibility for underestimation of the viral complexity from the original sample. Amplified
PCR products were quantitated by comparison with DNA standards of known concentration.

A total of 340 HCV clones were analysed: 156 for the HVR-1 and 184 for NS3 (Genebank
accession numbers EF208216-EF208558). Shannon entropy (S) and normalised entropy
(Sn) were calculated to measure complexity (Wolinsky et al., 1996). Genetic distances
(diversity) were calculated with a modified Kimura-2 parameter method with gamma
correction for multiple hits (Kimura, 1983). Average non-synonymous (dN) and
synonymous (dS) substitution frequencies were calculated using a modified Nei and
Gojobori algorithm with the Jukes and Cantor correction (Nei and Kumar, 2000). Genetic
distances and substitution frequencies were all determined with the MEGA program, version
2.1, both within-sample and between samples (Kumar et al., 2001). Statistical comparisons
were performed using non-parametric tests (Mann Whitney U or Kruskal-Wallis tests, when
appropriate), and the SPSS for Windows package, version 8.0 (SPSS, Chicago, IL). P values
lower than 0.05 were considered significant.

The main characteristics of the patients are summarised in table 2. Mean HCV-RNA levels
were slightly higher in HIV-HCV coinfected compared to HCV monoinfected patients (5.67
± 0.34 vs. 5.08 ± 0.09 log10 IU/mL; P= 0.025). Mean HCV viral load was 5.72 ± 0.41 and
5.62 ± 0.34 in patients from group 1 with CD4 counts <200 cells/mm3 or >200 cells/mm3,
respectively (difference NS; P=0.094).

Our analysis of HCV clones is summarised in Table 3. We noted several differential trends
for HCV quasispecies evolution in HIV-HCV coinfection that deserve to be examined at the
clonal level in larger cohorts. Coinfecion seemed to be associated with a trend towards
decreased complexity (Sn) for the HVR-1 region, in agreement with data from Mao et al.
(Mao et al., 2001) and with recent studies using heteroduplex-tracking assays (Shuhart et al.,
2006). There was a also a trend for higher within-sample diversity in the HVR-1 region at
baseline (nucleotide and amino acid distances), and for lower net genetic distances between
samples in patients with HIV-HCV coinfection, especially in those with CD4 <200 cells/
mm3. Mean dN/dS ratios at baseline were < 1 in coinfected patients with CD4 counts <200,
and regardless of the CD4 counts after 1 year follow-up, which suggests that immune
pressure to the HVR-1 might be diminished with HIV coinfection. In contrast, dN/dS for the
HVR-1 was always >1 in HCV monoinfection. When analysing changes with time in the
HVR-1 region, coinfection was coincident with a trend towards decreasing complexity, and
with HCV dN/dS ratios between samples lower than one. When the coinfection group was
subdivided, dN/dS at baseline and dN/dS between samples were >1 for the HVR-1 in
coinfected patients with CD4>200 cells/mm3 and in HCV monoinfected patients, but <1 in
those coinfected with CD4<200 cells/mm3. Finally, no specific trend for coinfection was
noted in NS3.

Figure 1 shows the phylogenetic trees for HVR-1 and NS3, reconstructed with the
nucleotide sequences from all HCV clones by means of the neighbour-joining method with
the MEGA program with bootstrap resampling (1,000 replicates). Sequences from the same
individuals clustered together, indicating the absence of PCR cross-contamination. There
were two exceptions: HVR-1 sequences from patients 1–2 and 2-2 were divided in two
separate independent clusters, but they did not overlap with HCV sequences isolated from
other individuals, suggesting mixed infection with different HCV envelope variants rather
than PCR contamination. Overall, there was a trend for a more homogeneous population of
HCV variants in HIV-HCV coinfected patients: less new variants appeared with time and
dominated the viral population (means 1,5 vs. 3,3 in the HVR-1 and 1,8 vs. 3,3 in NS3,
coinfected vs. HCV monoinfection; P=NS), especially in those coinfected patients with CD4
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cell counts <200 cells/mm3 (means 1,0 vs. 2,0 in the HVR-1 and 1,3 vs. 2,3 in NS3,
CD4<200 cells/mm3 vs. CD>200 cells/mm3; P=NS). Remarkably, HVR-1 variants presents
at baseline were completely replaced after one year follow-up in the three coinfected
patients with CD4 cell counts <200 cells/mm3 (Figure 1).

The main limitation of the current study (small sample size) hampers our ability to
demonstrate differences that reach statistical significance. However, for most research
groups clonal analysis of large patient cohorts can be cumbersome. In a recent report,
Suhuart et al. faced a similar problem, and analysed only 57 clones in only 6 out of 69
coinfected patients from their study based in heteroduplex assays (Shuhart et al., 2006). In
concordance with our data, they found immune selective pressure to HCV (HVR-1 dN/dS >
1) in only one out of the three coinfected patients naïve for HAART. However, CD4 counts
that study cohort were higher than 300 cells/mm3, and data on HCV quasispecies in patients
with low CD4 counts, such as those included in our study, is still scarce. Our results should
be interpreted with caution because of statistical limitations: the data are not really
consistent across time points in all cases, which may be a function of the small sample size
and sampling variability. Nevertheless, our observations complement other data suggesting
that HIV-HCV coinfection is associated with a differential evolution of HCV (Babik and
Holodniy, 2003; Blackard et al., 2004; Mao et al., 2001; Qin et al., 2005; Sherman et al.,
1996). We analysed 340 HCV clones sequenced bidirectionally (total of 680 sequences), but
sequencing a more extensive number of clones would also reduce the chance for sampling
variability. Besides, it is possible that more than two time points will be needed to achieve a
more accurate estimate of quasispecies dynamics over time. Unfortunately, extension of our
study to a larger number of patients, HCV clones, or time points was not feasible. Several
explanations can be given to the trend for a reduced HCV complexity and evolution with
time in HIV coinfected patients. The low CD4 counts per se could drive HCV evolution in
this setting, maybe by an alteration of CD4 help to HCV-specific CD8 cells, or to B cells.
Alternatively, a differential selection of HCV quasispecies populations present in other
compartments, such as PBMC or the liver, (Ducoulombier et al., 2004; Roque-Afonso et al.,
2005) may give raise to a differential viral evolution in HIV-HCV coinfected patients.
Whether this differential evolution of HCV may contribute to, or be responsible for, the
accelerated liver fibrosis progression seen in coinfected individuals still remains to be
determined.
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HCV Hepatitis C Virus

HIV human immunodeficiency virus-1

HVR-1 hypervariable region-1

NS3 non-structural protein-3
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RT-PCR reverse-transcription polymerase chain reaction

IVDU intravenous drug users

dS genetic distance (synonymous substitutions)

dN genetic distances (non-synonymous substitutions)

S Shannon entropy

Sn normalised Shannon entropy
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Figure 1. HCV HVR-1 and NS3 phylogenetic analyses
Panel (a): Neighbour-Joining phylogenetic tree obtained with all HCV HVR-1 sequences
from the study subjects at the two time points. (Left) Viral isolates from patient group 1
(HIV-HCV coinfected). Branches corresponding to isolates from patient group 2 are shown
collapsed for clarity. (Right) Viral isolates from patient group 2 (HIV negative). Branches
corresponding to isolates from patient group 1 are shown collapsed for clarity. Panel (b):
Neighbour-Joining phylogenetic tree obtained with all HCV NS3 sequences from the study
subjects at the two time points. (Left) Viral isolates from patient group 1 (HIV-HCV
coinfected). Branches corresponding to isolates from patient group 2 are shown collapsed
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for clarity. (Right) Viral isolates from patient group 2 (HIV negative). Branches
corresponding to isolates from patient group 1 are shown collapsed for clarity.
NOTE: Symbols: empty squares: HCV-HIV CD4<200 T0; filled squares: HCV-HIV
CD4<200 T1; empty diamonds: HCV-HIV CD4>200 T0; filled diamonds: HCV-HIV
CD4>200 T1; empty circles: HCV monoinfection T0; filled circles: HCV monoinfection T1;
grey boxes: newly emerged variants after one-year follow-up, with bootstrap values >50
(indicated in the corresponding branches). HCV variants with bootstrap support >50% were
considered divergent because the phylogenetic signal in the HCV genomic regions
sequenced was relatively low.
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Table 1
Oligonucleotide primers and conditions used for PCR amplification of HCV E2 and NS3
regions

Primer positions refer to the HCV-1 prototype (Genbank accession M62321).

Primer Sequence Nucleotide position

HVR-1

First Round RT-PCR:

{43°C for 30 min; (94°C for 10 sec; 55°C for 30 sec; and 72° for 30 sec) × 35 cycles}

244 bp PCR product

Outer Sense 5′-GGTGCTCACTGGGGAGTCCT-3′ 1389–1408

Outer Antisense 5′-CATTGCAGTTCAGGGCAGTCCTG-3′ 1632–1610

Second Round PCR:

{(94°C for 10 sec; 50°C for 20 sec; 72°C for 30 sec) × 35 cycles}

176 bp PCR product

Inner Sense 5′-TCCATGGTGGGGAACTGGGC-3′ 1428–1447

Inner Antisense 5′-TGCCAACTGCCATTGGTGTT-3′ 1603–1584

NS3

First Round RT-PCR:

{43°C for 30 min; (94°C for 10 sec; 50°C for 20 sec; 72°C for 30 sec;) × 35 cycles}

537 bp PCR product

Outer Sense 5′-ACGTACTCCACCTACGGCAA-3′ 4215–4234

Outer Antisense 5′-AAGGTAGGGTCAAGGCTGAA-3′ 4750–4731

Second Round PCR:

{(94°C for 10 sec; 50°C for 20 sec; 72°C for 30 sec) × 35 cycles}

289 bp PCR product

Inner Sense 5′-CATCCCAACATCGAGGAGGT-3′ 4417–4435

Inner Antisense 5′-TTGCAGTCTATCACCGAGTC-3′ 4705–4686

Virus Res. Author manuscript; available in PMC 2010 August 11.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

López-Labrador et al. Page 11

Ta
bl

e 
2

M
ai

n 
cl

in
ic

al
 a

nd
 d

em
og

ra
ph

ic
al

 c
ha

ra
ct

er
is

tic
s o

f t
he

 st
ud

y 
su

bj
ec

ts
.

Pa
tie

nt
H

IV
 st

at
us

C
D

4+
 T

-c
el

l S
ta

tu
s (

ce
lls

/
m

m
3 )

A
ge

 (Y
rs

.)
G

en
de

r 
(M

/F
)

H
C

V
 ty

pe
C

D
4+

 T
-c

el
l c

ou
nt

 (c
el

ls
/m

m
3 )

H
C

V
-R

N
A

 (l
og

10
) I

U
/m

L
M

on
th

s b
et

w
ee

n 
sa

m
pl

es
b

T
0a

T
1a

T
0a

T
1a

G
ro

up
 1

 
1-

1
Po

si
tiv

e
<2

00
43

M
1a

15
3

13
3

6.
15

5.
64

15

 
1-

2
Po

si
tiv

e
<2

00
56

M
1a

16
5

17
7

5.
35

5.
61

17

 
1-

3
Po

si
tiv

e
<2

00
44

M
1a

11
1

N
.D

.d
5.

66
5.

79
15

 
1-

4
Po

si
tiv

e
>2

00
33

M
1a

66
3

58
5

5.
85

5.
26

14

 
1-

5
Po

si
tiv

e
>2

00
49

M
1a

48
9

73
1

5.
79

5.
57

11

 
1-

6
Po

si
tiv

e
>2

00
41

M
1a

72
2

10
24

5.
23

5.
24

10

G
ro

up
 2

 
2-

1
N

eg
at

iv
e

N
.A

.c
54

M
1a

N
.D

.d
N

.D
.d

4.
97

4.
89

12

 
2-

2
N

eg
at

iv
e

N
.A

.c
43

M
1a

N
.D

.d
N

.D
.d

5.
14

4.
82

14

 
2-

3
N

eg
at

iv
e

N
.A

.c
37

M
1a

N
.D

.d
N

.D
.d

5.
14

5.
54

9

a T0
 =

 sa
m

pl
e 

at
 b

as
el

in
e 

(ti
m

e 
po

in
t 0

); 
T1

 =
 sa

m
pl

e 
at

 fo
llo

w
-u

p 
(ti

m
e 

po
in

t 1
).

b M
ea

n 
in

te
rv

al
 b

et
w

ee
n 

sa
m

pl
es

 w
as

 1
3.

9 
± 

0.
8 

m
on

th
s (

m
ed

ia
n 

14
 m

on
th

s, 
ra

ng
e 

9–
17

).

c N
A

 =
 n

on
 a

pp
lic

ab
le

.

d N
D

 =
 n

ot
 d

on
e.

Virus Res. Author manuscript; available in PMC 2010 August 11.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

López-Labrador et al. Page 12

Ta
bl

e 
3

M
ea

n 
ge

ne
tic

 e
st

im
at

es
 o

f H
C

V
 q

ua
si

sp
ec

ie
s i

n 
th

e 
H

V
R

-1
 a

nd
 N

S3
 re

gi
on

s. 
Th

e 
nu

m
be

r c
lo

ne
s s

eq
ue

nc
ed

 fo
r e

ac
h 

H
C

V
 re

gi
on

 is
 in

di
ca

te
d 

be
fo

re
 th

e
es

tim
at

es
. d

N
/d

S 
ra

tio
s s

ug
ge

st
iv

e 
of

 p
os

iti
ve

 im
m

un
e 

pr
es

su
re

 a
re

 b
ol

de
d.

 (1
) A

ll 
H

IV
(+

) v
s. 

H
IV

(−
); 

M
an

n-
W

hi
tn

ey
 U

 te
st

. (
2)

 C
om

pa
ris

on
 b

et
w

ee
n

H
IV

(+
) C

D
4<

20
0,

 H
IV

(+
)>

20
0,

 a
nd

 H
IV

(−
); 

K
ru

sk
al

-W
al

lis
 te

st
.

Pa
tie

nt
 G

ro
up

H
IV

(+
)

Sa
m

pl
e

CD
4<

20
0 

(c
el

ls/
m

m
3)

CD
4>

20
0 

(c
el

ls/
m

m
3)

A
ll 

H
IV

(+
)

H
IV

(−
)

P 
va

lu
e

H
V

R
-1

(1
)

(2
)

 
N

o.
 c

lo
ne

s
T0

5.
67

 0
.8

8
5.

67
 1

.4
5

5.
67

 0
.7

6
9.

00
 5

.0
0

1.
00

0
0.

98
9

T1
5.

33
 0

.6
7

8.
00

 3
.5

1
6.

67
 1

.7
1

9.
67

 4
.1

8
0.

38
1

0.
43

1

 
 

Sn
T0

0.
58

30
0.

62
20

0.
60

26
0.

83
30

0.
54

8
0.

30
4

T1
0.

16
80

0.
44

61
0.

30
67

0.
82

30
0.

95
0.

12
6

ΔS
n 

(b
tw

.)
−
0.
41
60

−
0.
17
60

−
0.
29
59

−
0.
00
90

0.
71

4
0.

73
3

 
 

d 
(n

t)
T0

0.
12

25
0.

02
63

0.
07

44
0.

00
67

0.
16

7
0.

28
8

T1
0.

13
32

0.
04

93
0.

09
12

0.
08

12
0.

54
8

0.
73

9

B
et

w
ee

n
0.

01
80

0.
01

30
0.

01
52

0.
14

82
0.

38
1

0.
49

1

 
 

d 
(a

a)
T0

0.
20

19
0.

06
76

0.
13

47
0.

00
68

0.
38

1
0.

65
1

T1
0.

26
46

0.
08

81
0.

17
64

0.
19

72
0.

26
2

0.
41

3

B
et

w
ee

n
0.

24
61

0.
03

65
0.

14
07

0.
30

24
0.

71
4

0.
58

7

 
 

dN
/d

S
T0

0.
57

02
1.

43
73

0.
91

70
1.

25
84

0.
85

7
0.

91
5

T1
0.

84
93

0.
79

04
0.

82
97

1.
98

37
0.

20
0

0.
30

4

B
et

w
ee

n
−
5.
61
36

3.
14

32
−
1.
23
50

2.
33

71
1.

00
0.

21
3

N
S3

 
N

o.
 c

lo
ne

s
T0

10
.6

7 
0.

33
11

.0
0 

0.
58

10
.8

3 
0.

31
10

.0
0 

0.
58

0.
21

6
0.

99

T1
11

.6
7 

0.
88

10
.6

7 
0.

33
11

.1
7 

0.
48

16
.0

0 
3.

46
0.

29
1

0.
47

6

 
 

Sn
T0

0.
52

00
0.

84
20

0.
68

12
0.

60
00

0.
90

5
0.

17
9

T1
0.

57
60

0.
55

90
0.

56
75

0.
64

00
0.

54
8

0.
71

4

ΔS
n 

(b
tw

.)
0.

05
60

−
0.
28
30

−
0.
11
38

0.
04

10
0.

34
8

0.
06

1

 
 

d-
nt

T0
0.

00
44

0.
01

47
0.

00
96

0.
01

33
0.

38
1

0.
19

3

T1
0.

00
51

0.
01

47
0.

00
96

0.
00

91
0.

26
2

0.
06

6

B
et

w
ee

n
0.

00
34

0.
00

63
0.

00
48

0.
00

40
0.

71
4

0.
48

8

 
 

d-
aa

T0
0.

00
41

0.
01

07
0.

00
74

0.
00

97
0.

38
1

0.
19

3

Virus Res. Author manuscript; available in PMC 2010 August 11.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

López-Labrador et al. Page 13

Pa
tie

nt
 G

ro
up

H
IV

(+
)

Sa
m

pl
e

CD
4<

20
0 

(c
el

ls/
m

m
3)

CD
4>

20
0 

(c
el

ls/
m

m
3)

A
ll 

H
IV

(+
)

H
IV

(−
)

P 
va

lu
e

T1
0.

00
57

0.
01

14
0.

00
86

0.
00

89
0.

90
5

0.
25

2

B
et

w
ee

n
0

0.
00

06
5

0.
00

32
0.

00
21

0.
71

4
0.

03
9

 
 

dN
/d

S
T0

0.
29

49
0.

19
72

0.
24

61
0.

16
23

0.
90

5
0.

95
7

T1
0.

28
32

0.
41

44
0.

34
88

0.
22

54
0.

38
1

0.
56

1

B
et

w
ee

n
0.

09
11

0.
34

01
0.

21
56

0.
38

55
0.

54
8

0.
29

8

N
O

TE
: C

ha
ng

e 
in

 H
C

V
 se

qu
en

ce
 c

om
pl

ex
ity

 (Δ
Sn

) w
as

 c
al

cu
la

te
d 

as
 Δ

Sn
 =

 S
n(

T1
)−

Sn
(T

0)
. G

en
et

ic
 d

is
ta

nc
es

 a
nd

 su
bs

tit
ut

io
n 

fr
eq

ue
nc

ie
s w

er
e 

de
te

rm
in

ed
 b

ot
h 

in
 e

ve
ry

 g
iv

en
 sa

m
pl

e 
(w

ith
in

-s
am

pl
e)

 a
nd

be
tw

ee
n 

sa
m

pl
es

 o
f t

he
 sa

m
e 

pa
tie

nt
 a

t t
he

 tw
o 

di
ff

er
en

t t
im

e 
po

in
ts

 (n
et

 d
is

ta
nc

e 
be

tw
ee

n 
sa

m
pl

es
, d

ef
in

ed
 a

s t
he

 n
et

 c
ha

ng
e 

in
 in

tra
su

bj
ec

t d
is

ta
nc

es
 b

et
w

ee
n 

ba
se

lin
e 

an
d 

fo
llo

w
-u

p 
gr

ou
ps

 o
f H

C
V

 c
lo

ne
s

d A
=(

d X
Y−

(d
X−

d Y
)/2

), 
w

er
e 

d X
Y 

is
 th

e 
av

er
ag

e 
di

st
an

ce
 b

et
w

ee
n 

gr
ou

ps
 o

f c
lo

ne
s f

ro
m

 b
as

el
in

e 
(X

) a
nd

 fo
llo

w
-u

p 
sa

m
pl

es
 (Y

), 
an

d 
d X

 a
nd

 d
Y 

ar
e 

th
e 

m
ea

n 
w

ith
in

-g
ro

up
 d

is
ta

nc
es

).

Virus Res. Author manuscript; available in PMC 2010 August 11.


