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Abstract
Use of single dose nevirapine (sdNVP) to prevent HIV mother-to-child transmission is associated
with the emergence of NVP resistance in many infants who are HIV infected despite prophylaxis.
We combined results from four clinical trials to analyze predictors of NVP resistance in sdNVP-
exposed Ugandan infants. Samples were tested with the ViroSeq HIV Genotyping System and a
sensitive point mutation assay (LigAmp, for detection of K103N, Y181C, and G190A). NVP
resistance was detected at 6–8 weeks in 36 (45.0%) of 80 infants using ViroSeq and 33 (45.8%) of
72 infants using LigAmp. NVP resistance was more frequent among infants who were infected in
utero than among infants who were diagnosed with HIV infection after birth by 6–8 weeks of age.
Detection of NVP resistance at 6–8 weeks was not associated with HIV subtype (A vs. D), pre-NVP
maternal viral load or CD4 cell count, infant viral load at 6–8 weeks, or infant sex. NVP resistance
was still detected in some infants 6–12 months after sdNVP exposure. In this study, in utero HIV
infection was the only factor associated with detection of NVP resistance in infants 6–8 weeks after
sdNVP exposure.

Single-dose nevirapine (sdNVP) is used to prevent mother-to-child transmission (MTCT) of
HIV in resource-limited settings.1 Unfortunately, NVP resistance emerges in many infants who
are HIV infected despite sdNVP prophylaxis. 2–5 In women, emergence of NVP resistance
after sdNVP has been associated with high viral load, low CD4 cell count, HIV subtype (C >
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D > A), and increased NVP exposure (e.g., decreased oral clearance).4 In previous studies,
emergence of NVP resistance in infants was associated with high maternal viral load3 and HIV
subtype (C > A and D combined).4 There are limited data on persistence of NVP resistance in
infants after sdNVP.2,3,5 In one study, NVP resistance persisted in 13/19 infants at 6 months,
4/8 infants at 12 months, and 1/2 infants tested 18 months after sdNVP.3

Analysis of factors associated with NVP resistance in sdNVP-exposed infants is often limited
by the small number of infants who are HIV infected in a single study. In this report, we pooled
data from four clinical studies conducted in Kampala, Uganda to analyze emergence and
persistence of NVP resistance in sdNVP-exposed infants who were HIV infected by 6–8 weeks
of age (Table 1). Guidelines of the U.S. Department of Health and Human Services and the
authors’ institutions were followed in the conduct of this research. Informed consent was
obtained from all subjects for participation in the studies. Each study was approved by the
Institutional Review Boards (IRB) in Uganda. In addition, IRB approval was obtained from
the Johns Hopkins University School of Medicine (JHU) and/or the U.S. Centers for Disease
Control and Prevention IRB.

In the four studies analyzed, 109 infants who received sdNVP were diagnosed with HIV
infection by 6–8 weeks of age (Table 1); none of the mothers or infants received any other
antiretroviral (ARV) drugs. Eighty-two of the 109 infants had a plasma sample available for
resistance studies. HIV genotyping was performed with the ViroSeq HIV Genotyping System
v2.6,2 and HIV subtypes were determined by phylogenetic analysis of HIV pol sequences.

Independent sample chi-square tests and Fisher’s exact tests were used to evaluate the
association of NVP resistance at 6–8 weeks with in utero HIV infection (diagnosis of HIV
infection at birth), infant viral load at 6–8 weeks, infant sex, HIV subtype, pre-NVP maternal
viral load, and CD4 cell count. Odds ratio (OR) estimates and 95% confidence intervals (CI)
for these variables were obtained using logistic regression. A Mantel–Haenszel OR for timing
of HIV infection as a predictor for resistance was also estimated, treating each study as a
stratum. McNemar’s test for matched pairs was used to compare the difference in detection of
NVP resistance between ViroSeq and LigAmp.

ViroSeq results were obtained for 80 (97.5%) of the 82 infants who had plasma samples
available from 6 to 8 weeks of age. Thirty-six (45.0%) of the 80 infants had at least one NVP
resistance mutation detected; the mutations identified were Y181C (n = 28), K103N (n = 9),
Y188C (n = 3), G190A (n = 30), V106A (n = 2), V106M (n = 2), and K101E (n = 1); 10 infants
had two or more NVP resistance mutations detected. The HIV subtypes of the infants were A
(n = 41), C (n = 4), D (n = 24), and intersubtype recombinant HIV (n = 11). The mean pre-
NVP maternal log10 viral load and mean pre-NVP maternal CD4 cell count were similar for
the 80 women whose infants had ViroSeq resistance results vs. the 29 women whose infants
did not (p = 0.45 and p = 0.96, respectively; 11/109 women were missing viral load data, 5/109
women were missing CD4 cell count data).

For samples with subtype A or D HIV, PCR products produced in the ViroSeq system were
also tested using the LigAmp assay (assay cutoffs for mutation detection: 0.5% for K103N,
1.0% for Y181C, 0.5% for G190A).2,5,6 LigAmp results were obtained for 72 (90%) of the 80
infants who had ViroSeq results; the remaining infants either had subtypes other than A or D
(not tested) or did not have PCR products remaining for testing. The proportion of infants who
had K103N, Y181C, or G190A detected by LigAmp (33/72 = 45.8%) was similar to the
proportion of infants who had resistance detected by ViroSeq (36/80 = 45.0%, p = 0.563). The
two assays detected Y181C in a similar proportion of infants (LigAmp: 40.3%, ViroSeq:
35.0%, p = 0.157). In contrast, LigAmp detected K103N and G190A in a higher proportion of
infants than ViroSeq (K103N: 23.6% vs. 11.3%, p = 0.021; G190A: 20.8% vs. 3.8%, p =
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0.0003). The median levels of the mutations (% of the viral population) were Y181C: 19.8%
(range: 1.4–90.6%), K103N: 3.5% (range: 0.5–100%), and G190A: 2.2% (range: 0.7–19.6%).
In 4 of 72 samples, mutations were detected by ViroSeq, but not by LigAmp, due to alternate
codon use or mismatches in the oligonucleotide binding region. The proportion of infants who
had more than one mutation detected was higher when LigAmp was used for testing (LigAmp:
26.4%, ViroSeq: 12.5%, p = 0.0016).

Infants who were infected in utero were more likely to have resistance detected at 6–8 weeks,
compared to infants who were diagnosed with HIV infection after birth by 6–8 weeks of age
(Table 1 and Table 2). A similar trend (association of in utero infection with resistance) was
observed in each of the four individual studies, but the association was not statistically
significant, most likely due to the small number of HIV-infected infants in each study (Table
1). We did not see an association of NVP resistance with maternal pre-NVP viral load or pre-
NVP CD4 cell count, infant viral load at 6–8 weeks, HIV subtype (for A vs. D or D vs. non-
D), or infant sex (Table 2); there was also no association of HIV subtype with resistance among
the subsets of infants who were HIV infected in utero or were diagnosed at 6 weeks of age
(data not shown). However, when the infants were stratified by both time of infection and HIV
subtype, the number of infants in each subset was small. Among infants who were HIV
uninfected at birth, but were infected by 6–8 weeks of age, about one in four had NVP resistance
detected at 6–8 weeks of age (26.7% with ViroSeq, 25% with LigAmp, Table 1). These infants
could have acquired NVP resistance through transmission of NVP-resistant HIV during breast-
feeding, or through selection of NVP-resistant HIV in infants after infection with an NVP-
susceptible strain; emergence of NVP resistance by either mechanism would be facilitated by
the long half-life of NVP in infants.7

Overall, 43 infants who were diagnosed with HIV infection by 6–8 weeks of age had NVP
resistance detected by ViroSeq and/or LigAmp at 6–8 weeks. Thirty-four of those infants had
a plasma sample collected at either 6 months of age (in the Repeat Pregnancy study, Breast
Feeding study, and the SWEN study) or at 12 months of age (in HIVNET 012). We analyzed
persistence of NVP resistance in 27 of the 34 infants (19 infants at 6 months and eight additional
infants at 12 months); seven infants were excluded from this analysis because they were started
on ARV therapy before the 6–month study visit. At 6 months, NVP resistance was detected
by either ViroSeq or LigAmp in 12 (63.2%) of 19 infants tested. Eight infants had mutations
detected by ViroSeq [Y181C (n = 4), K103N (n = 1), V106M (n = 1), Y188C (n = 1), and
V179D+K103R (n = 1)], and four infants had resistance detected by LigAmp only (all with
Y181C, at 1.2%, 1.4%, 3.5%, and 7.8%; one infant also had G190A at 1.9%). At 12 months,
NVP resistance was detected in four (50%) of eight infants tested. Two (25%) infants had
resistance detected by both ViroSeq and LigAmp (one with G190A and one with Y181C) and
two infants had resistance mutations detected by LigAmp only (both with Y181C, at 1.7% and
4.7%). The proportion of infants with resistance at 6 or 12 months was higher among those
with subtype D HIV than among those with subtype A HIV (9/10 = 90% vs. 6/11 = 54.5%)
and was higher among those with in utero than among infants who were HIV uninfected at
birth (11/15 = 73.3% vs. 5/12 = 41.7%); however, those differences were not statistically
significant (p = 0.15 for subtype A vs. D, p = 0.13 for in utero vs. postnatal infection), possibly
because of the small number of 6–12 month samples available for analysis. Most of the infants
who had resistance detected at 6 or 12 months had Y181C. This is surprising, since Y181C
fades from detection rapidly in Ugandan women after sdNVP, particularly among those with
subtype A infection.4

In other studies, in utero HIV infection was associated with high maternal viral load, infant
sex (female), and low birth weight.8,9 High maternal HIV viral load was also associated with
NVP resistance after sdNVP in a study of 42 HIV-infected infants in South Africa ( p = 0.04).
3 In this study, we did not find an association of maternal viral load or infant sex with NVP

Church et al. Page 3

AIDS Res Hum Retroviruses. Author manuscript; available in PMC 2010 July 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



resistance. We also found no association of NVP resistance with maternal CD4 cell count or
HIV subtype (A vs. D); both of those factors, as well as maternal viral load, have been shown
to influence the emergence of NVP resistance in women after sdNVP exposure.4 Even though
this study included a large number of HIV-infected infants (n = 80), it is still smaller than many
individual studies of HIV-infected women; this may have limited our power to detect an
association of resistance with these factors.

In most resource-poor settings, first-line regimens for treatment of HIV-infected children
include a nonnucleoside reverse transcriptase inhibitor (NNRTI). In the CHER study, initiation
of ARV treatment by 3 months of age reduced infant mortality by 75%.10 Therefore, many
sdNVP-exposed infants may begin ARV therapy before NVP-resistant variants have time to
fade. In one study, when treatment with an NVP-containing regimen was initiated at a median
of 8–9 months of age, 76.9% of sdNVP-exposed infants had virologic failure compared to only
9.1% of sdNVP-unexposed infants.11 However, in another study, the virologic response to an
NVP-containing regimen was similar among sdNVP-exposed children (median age 1.7 years)
versus sdNVP-unexposed children (median age 7.8 years).12 Further studies are needed to
evaluate the relationship between the timing of HIV MTCT, the emergence and persistence of
NVP resistance, and ARV treatment response.

Acknowledgments
The authors acknowledge the contributions of Prof. Francis Mmiro in improving the health of women and infants
living with HIV and AIDS. Prof. Mmiro was the Ugandan Principal Investigator of the HIVNET 012 and the SWEN
study in Uganda. Sadly, he died while this manuscript was in preparation. The authors also thank the study teams of
the four studies and the women and infants in these studies.

This work was supported by (1) the HIV Prevention Trials Network (HPTN) sponsored by the National Institutes of
Allergy and Infectious Diseases (NIAID), National Institutes of Child Health and Human Development (NICHD),
National Institute on Drug Abuse, National Institute of Mental Health, and Office of AIDS Research, of the National
Institutes of Health (NIH), Dept. of Health and Human Services (U01-AI-046745, U01-AI-048054, and U01-
AI-068613); (2) the HIV Network for Prevention Trials (HIVNET, N01-AI-035173, AI-045200, and N01-
AI-035173-417, NIAID); (3) the United States Centers for Disease and Prevention (CDC); (4) R01-AI-034235-04
(NIAID); (5) U01-AI-038576-07 (NIAID); and (6) the International Maternal Pediatric and Adolescent AIDS Clinical
Trials Group (U01-AI-068632, NIAID, NICHD).

The use of trade names is for identification purposes only and does not constitute endorsement by the U.S. Centers
for Disease Control and Prevention or the Department of Health and Human Services.

References
1. Guay LA, Musoke P, Fleming T, et al. Intrapartum and neonatal single-dose nevirapine compared with

zidovudine for prevention of mother-to-child transmission of HIV-1 in Kampala, Uganda: HIVNET
012 randomised trial. Lancet 1999;354:795–802. [PubMed: 10485720]

2. Eshleman SH, Mracna M, Guay LA, et al. Selection and fading of resistance mutations in women and
infants receiving nevirapine to prevent HIV-1 vertical transmission (HIVNET 012). AIDS
2001;15:1951–1957. [PubMed: 11600822]

3. Martinson NA, Morris L, Gray G, et al. Selection and persistence of viral resistance in HIV-infected
children after exposure to single-dose nevirapine. J Acquir Immune Defic Syndr 2007;44:148–153.
[PubMed: 17117145]

4. McConnell MS, Stringer JS, Kourtis AP, Weidle PJ, Eshleman SH. Use of single-dose nevirapine for
the prevention of mother-to-child transmission of HIV-1: Does development of resistance matter? Am
J Obstet Gynecol 2007;197:S56–S63. [PubMed: 17825651]

5. Flys TS, McConnell MS, Matovu F, et al. Nevirapine resistance in women and infants after first versus
repeated use of single-dose nevirapine for prevention of HIV-1 vertical transmission. J Infect Dis
2008;198:465–469. [PubMed: 18582198]

6. Church JD, Omer SB, Guay LA, et al. Analysis of nevirapine (NVP) resistance in Ugandan infants
who were HIV-infected despite receiving single dose (SD) nevirapine (NVP) versus SD NVP plus

Church et al. Page 4

AIDS Res Hum Retroviruses. Author manuscript; available in PMC 2010 July 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



daily NVP up to 6 weeks of age to prevent HIV vertical transmission. J Infect Dis 2008;198:1075–
1082. [PubMed: 18684096]

7. Mirochnick M, Fenton T, Gagnier P, et al. Pharmacokinetics of nevirapine in human immunodeficiency
virus type 1-infected pregnant women and their neonates. Pediatric AIDS Clinical Trials Group
Protocol 250 Team. J Infect Dis 1998;178:368–374. [PubMed: 9697716]

8. Biggar RJ, Taha TE, Hoover DR, Yellin F, Kumwenda N, Broadhead R. Higher in utero and perinatal
HIV infection risk in girls than boys. J Acquir Immune Defic Syndr 2006;41:509–513. [PubMed:
16652061]

9. Magder LS, Mofenson L, Paul ME, et al. Risk factors for in utero and intrapartum transmission of
HIV. J Acquir Immune Defic Syndr 2005;38:87–95. [PubMed: 15608531]

10. Violari A, Cotton M, Gibb D, et al. Early antiretroviral therapy and mortality among HIV-infected
infants. N Engl J Med 2008;359:2233–2244. [PubMed: 19020325]

11. Lockman S, Shapiro RL, Smeaton LM, et al. Response to antiretroviral therapy after a single,
peripartum dose of nevirapine. N Engl J Med 2007;356:135–147. [PubMed: 17215531]

12. Barlow-Mosha, L.; Ajunua, P.; Mubiru, M., et al. Early effectiveness of a NVP-based HAART
regimen among HIV-infected children with and without prior single-dose NVP exposure. 15th
Conference on Retroviruses and Opportunistic Infections; February 3–6; Boston, MA. 2008. Abstract
#583

13. McConnell M, Bakaki B, Eure C, et al. Effectiveness of repeat single-dose nevirapine for prevention
of mother-to-child transmission of HIV-1 in repeat pregnancies, Uganda. J Acquir Immune Defic
Syndr 2007;44:291–296. [PubMed: 18167645]

14. Bedri A, Gudetta B, et al. Six Week Extended-Dose Nevirapine (SWEN) Study Team. Extended-
dose nevirapine to 6 weeks of age for infants to prevent HIV transmission via breastfeeding in
Ethiopia, India, and Uganda: An analysis of three randomised controlled trials. Lancet 2008;372:300–
313. [PubMed: 18657709]

Church et al. Page 5

AIDS Res Hum Retroviruses. Author manuscript; available in PMC 2010 July 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Church et al. Page 6
TA

B
LE

 1
D

et
ec

tio
n 

of
 N

V
P 

R
es

is
ta

nc
e 

at
 6

–8
 W

ee
ks

 a
m

on
g 

In
fa

nt
s w

ho
 w

er
e 

H
IV

 In
fe

ct
ed

 in
 U

te
ro

 v
s. 

In
fa

nt
s w

ho
 w

er
e 

D
ia

gn
os

ed
 w

ith
 H

IV
In

fe
ct

io
n 

at
 6

 W
ee

ks
: F

ou
r S

tu
di

es
, U

ga
nd

aa

H
IV

N
E

T
01

2b
R

ep
ea

t
pr

eg
na

nc
y

B
re

as
t f

ee
di

ng
SW

E
N

T
ot

al
c

N
um

be
r i

nf
ec

te
d 

by
 6

–8
 w

ee
ks

36
19

18
36

10
9

N
um

be
r w

ith
 sa

m
pl

es
 a

va
ila

bl
e

24
17

17
24

82

V
ir

oS
eq

 r
es

ul
ts

d

N
um

be
r w

ith
 re

si
st

an
ce

/n
um

be
r w

ith
 re

su
lts

 (%
)

11
/2

4 
(4

5.
8)

6/
17

 (3
5.

3)
7/

15
 (4

6.
7)

12
/2

4 
(5

0.
0)

36
/8

0 
(4

5.
0)

e

N
um

be
r w

ith
 re

si
st

an
ce

/n
um

be
r i

nf
ec

te
d 

at
 b

irt
h 

(%
)

10
/1

9 
(5

2.
6)

5/
11

 (4
5.

5)
6/

10
 (6

0.
0)

7/
10

 (7
0.

0)
28

/5
0 

(5
6.

0)

N
um

be
r w

ith
 re

si
st

an
ce

/n
um

be
r u

ni
nf

ec
te

d 
at

 b
irt

h
(%

)
1/

5 
(2

0.
0)

1/
6 

(1
6.

7)
1/

5 
(2

0.
0)

5/
14

 (3
5.

7)
8/

30
 (2

6.
7)

p 
va

lu
ef

0.
32

7
0.

33
3

0.
28

2
0.

21
4

0.
00

6

L
ig

A
m

p 
re

su
lts

g

N
um

be
r w

ith
 re

si
st

an
ce

/n
um

be
r w

ith
 re

su
lts

 (%
)

15
/2

3 
(6

5.
2)

3/
15

 (2
0.

0)
8/

14
 (5

7.
1)

7/
20

 (3
5.

0)
33

/7
2 

(4
5.

8)

N
um

be
r w

ith
 re

si
st

an
ce

/n
um

be
r i

nf
ec

te
d 

at
 b

irt
h 

(%
)

13
/1

8 
(7

2.
2)

3/
11

 (2
7.

3)
6/

10
 (6

0.
0)

5/
9 

(5
5.

6)
27

/4
8 

(5
6.

3)

N
um

be
r w

ith
 re

si
st

an
ce

/n
um

be
r u

ni
nf

ec
te

d 
at

 b
irt

h
(%

)
2/

5 
(4

0.
0)

0/
4 

(0
.0

)
2/

4 
(5

0.
0)

2/
11

 (1
8.

2)
6/

24
 (2

5.
0)

p 
va

lu
ef

0.
29

7
0.

51
7

1.
0

0.
16

0.
02

2

a In
fa

nt
s w

er
e 

en
ro

lle
d 

in
 fo

ur
 st

ud
ie

s;
 d

at
es

 o
f e

nr
ol

lm
en

t a
re

 sh
ow

n:
 H

IV
N

ET
 0

12
 (1

99
7–

19
99

, s
dN

V
P 

ar
m

 o
nl

y)
, 1

 th
e 

R
ep

ea
t P

re
gn

an
cy

 st
ud

y 
(2

00
4–

20
06

, p
ro

sp
ec

tiv
e 

po
rti

on
 o

nl
y)

, 1
3  

th
e

Pa
th

op
hy

si
ol

og
y 

of
 B

re
as

t M
ilk

 st
ud

y 
(2

00
3–

20
04

), 
an

d 
th

e 
U

ga
nd

an
 c

om
po

ne
nt

 o
f t

he
 S

W
EN

 st
ud

y 
(2

00
4–

20
06

, s
dN

V
P 

ar
m

 o
nl

y)
.1

4

b Th
is

 in
cl

ud
es

 o
ne

 se
t o

f t
w

in
s;

 o
ne

 in
fa

nt
 h

ad
 Y

18
1C

 d
et

ec
te

d 
at

 6
–8

 w
ee

ks
; t

he
 o

th
er

 in
fa

nt
 d

id
 n

ot
 h

av
e 

an
y 

N
V

P 
re

si
st

an
ce

 m
ut

at
io

ns
 d

et
ec

te
d 

at
 6

–8
 w

ee
ks

.

c Se
ve

nt
y-

tw
o 

in
fa

nt
s h

ad
 te

st
 re

su
lts

 fr
om

 b
ot

h 
V

iro
Se

q 
an

d 
Li

gA
m

p;
 3

9 
of

 th
os

e 
72

 in
fa

nt
s h

ad
 a

t l
ea

st
 o

ne
 N

V
P 

re
si

st
an

ce
 m

ut
at

io
n 

(s
ix

 in
fa

nt
s h

ad
 re

si
st

an
ce

 m
ut

at
io

ns
 d

et
ec

te
d 

by
 V

iro
Se

q 
on

ly
,

se
ve

n 
in

fa
nt

s h
ad

 re
si

st
an

ce
 d

et
ec

te
d 

by
 L

ig
A

m
p 

on
ly

, a
nd

 2
6 

in
fa

nt
s h

ad
 re

si
st

an
ce

 d
et

ec
te

d 
by

 b
ot

h 
as

sa
ys

).

d R
es

is
ta

nc
e 

de
te

ct
ed

 b
y 

V
iro

Se
q 

in
di

ca
te

s d
et

ec
tio

n 
of

 o
ne

 o
r m

or
e 

N
V

P 
re

si
st

an
ce

 m
ut

at
io

n 
(A

98
G

, L
10

0I
, K

10
1E

/P
, K

10
3N

/S
, V

10
6A

/M
, Y

18
1C

/I/
V

, Y
18

8C
/H

/L
, G

19
0A

/S
/C

/E
/Q

/T
/V

, M
23

0L
,

K
10

3R
+V

17
9D

). 
V

iro
Se

q 
m

ay
 n

ot
 d

et
ec

t m
ut

at
io

ns
 p

re
se

nt
 in

 m
in

or
 v

iru
s s

ub
po

pu
la

tio
ns

.

e Th
er

e 
w

as
 n

o 
si

gn
ifi

ca
nt

 d
iff

er
en

ce
 in

 th
e 

pr
op

or
tio

n 
of

 in
fa

nt
s w

ith
 N

V
P 

re
si

st
an

ce
 d

et
ec

te
d 

by
 V

iro
Se

q 
in

 th
e 

fo
ur

 in
di

vi
du

al
 st

ud
ie

s (
p 

= 
0.

82
2)

.

f p 
va

lu
es

 fo
r t

he
 a

ss
oc

ia
tio

n 
of

 re
si

st
an

ce
 a

nd
 ti

m
in

g 
of

 in
fe

ct
io

n 
in

 in
di

vi
du

al
 st

ud
ie

s w
er

e 
de

te
rm

in
ed

 u
si

ng
 F

is
he

r’
s e

xa
ct

 te
st

. T
he

 o
ve

ra
ll 

p 
va

lu
es

 fo
r t

he
 a

ss
oc

ia
tio

n 
be

tw
ee

n 
H

IV
 in

fe
ct

io
n 

tim
in

g
an

d 
re

si
st

an
ce

 in
 th

e 
fo

ur
 st

ud
ie

s (
to

ta
l) 

w
er

e 
de

te
rm

in
ed

 u
si

ng
 th

e 
M

an
te

l–
H

ae
ns

ze
l t

es
t, 

st
ra

tif
ie

d 
by

 st
ud

y.
 T

he
 c

om
m

on
 O

R
 fo

r V
iro

Se
q 

w
as

 4
.6

 (9
5%

 C
I: 

1.
5–

13
.6

) a
nd

 th
e 

co
m

m
on

 O
R

 fo
r L

ig
A

m
p

w
as

 4
.0

 (9
5%

 C
I: 

1.
2–

13
.1

).

g R
es

is
ta

nc
e 

de
te

ct
ed

 b
y 

Li
gA

m
p 

in
di

ca
te

s d
et

ec
tio

n 
of

 o
ne

 o
r m

or
e 

of
 th

e 
fo

llo
w

in
g 

m
ut

at
io

ns
: K

10
3N

 (A
A

C
), 

Y
18

1C
 (T

G
T)

, a
nd

 G
19

0A
 (G

C
A

).

AIDS Res Hum Retroviruses. Author manuscript; available in PMC 2010 July 1.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Church et al. Page 7
TA

B
LE

 2
A

na
ly

si
s o

f F
ac

to
rs

 A
ss

oc
ia

te
d 

w
ith

 D
et

ec
tio

n 
of

 N
V

P 
R

es
is

ta
nc

e 
in

 In
fa

nt
s a

t 6
–8

 W
ee

ks
 o

f A
ge

a  F
ou

r S
tu

di
es

, U
ga

nd
a

R
es

is
ta

nc
e 

de
te

ct
ed

by
 V

ir
oS

eq
b

R
es

is
ta

nc
e 

de
te

ct
ed

 b
y 

L
ig

A
m

pc

Pr
ed

ic
to

r v
ar

ia
bl

e
N

O
dd

s r
at

io
 (9

5%
 C

I)
p 

va
lu

e
N

O
dd

s r
at

io
 (9

5%
 C

I)
p 

va
lu

e

M
at

er
na

l p
re

-N
V

P 
vi

ra
l l

oa
d 

(p
er

 lo
g 1

0 i
nc

re
as

e 
in

H
IV

 R
N

A
)

71
1.

06
 (0

.5
–2

.3
)

0.
89

64
0.

98
 (0

.4
–2

.2
)

0.
95

M
at

er
na

l p
re

-N
V

P 
C

D
4 

ce
ll 

co
un

t (
pe

r d
ec

re
as

e o
f

10
0 

ce
lls

/µ
l)

77
1.

15
 (0

.9
–1

.4
)

0.
20

69
1.

15
 (0

.9
–1

.4
)

0.
21

In
fa

nt
 v

ira
l l

oa
d 

at
 6

–8
 w

ee
ks

 (p
er

 lo
g 1

0 i
nc

re
as

e i
n

H
IV

 R
N

A
)d

41
1.

65
 (0

.7
–4

.1
)

0.
28

37
1.

49
 (0

.6
–4

.7
)

0.
21

H
IV

 su
bt

yp
e 

(D
 v

s. 
A

)e
65

1.
51

 (0
.6

–4
.2

)
0.

42
62

1.
15

 (0
.4

–3
.2

)
0.

79

H
IV

 su
bt

yp
e 

(D
 v

s. 
no

n-
D

)e
80

1.
70

 (0
.7

–4
.4

)
0.

28
72

1.
45

 (0
.5

–3
.9

)
0.

46

In
fa

nt
 se

x 
(m

al
e 

vs
. f

em
al

e)
80

0.
50

 (0
.2

–1
.2

)
0.

13
72

0.
65

 (0
.3

–1
.7

)
0.

37

D
ia

gn
os

ed
 w

ith
 H

IV
 in

fe
ct

io
n 

at
 b

irt
h 

(y
es

/n
o)

80
3.

50
 (1

.3
–9

.4
)

0.
01

3
72

3.
90

 (1
.3

–1
1.

4)
0.

01
5

a U
ni

va
ria

te
 lo

gi
st

ic
 re

gr
es

si
on

 m
od

el
s w

er
e 

us
ed

 fo
r a

na
ly

si
s. 

In
fa

nt
s w

er
e 

en
ro

lle
d 

in
 fo

ur
 st

ud
ie

s (
se

e 
Ta

bl
e 

1)
.

b R
es

is
ta

nc
e 

de
te

ct
ed

 b
y 

V
iro

Se
q 

in
di

ca
te

s d
et

ec
tio

n 
of

 o
ne

 o
r m

or
e 

N
V

P 
re

si
st

an
ce

 m
ut

at
io

n 
(A

98
G

, L
10

0I
, K

10
1E

/P
, K

10
3N

/S
, V

10
6A

/M
, Y

18
1C

/I/
V

, Y
18

8C
/H

/L
, G

19
0A

/S
/C

/E
/Q

/T
/V

, M
23

0L
,

K
10

3R
+V

17
9D

).

c Li
gA

m
p 

te
st

in
g 

w
as

 p
er

fo
rm

ed
 to

 d
et

ec
t K

10
3N

, Y
18

1C
, a

nd
 G

19
0A

; r
es

is
ta

nc
e 

de
te

ct
ed

 b
y 

Li
gA

m
p 

in
di

ca
te

s d
et

ec
tio

n 
of

 o
ne

 o
r m

or
e 

of
 th

es
e 

th
re

e 
m

ut
at

io
ns

.

d V
ira

l l
oa

d 
te

st
in

g 
w

as
 p

er
fo

rm
ed

 a
t 6

–8
 w

ee
ks

 fo
r i

nf
an

ts
 in

 H
IV

N
ET

 0
12

, t
he

 B
re

as
t F

ee
di

ng
 st

ud
y,

 a
nd

 th
e 

SW
EN

 st
ud

y;
 v

ira
l l

oa
d 

te
st

in
g 

w
as

 n
ot

 p
er

fo
rm

ed
 a

t 6
–8

 w
ee

ks
 fo

r i
nf

an
ts

 in
 th

e 
R

ep
ea

t
Pr

eg
na

nc
y 

st
ud

y.

e A
m

on
g 

th
e 

80
 in

fa
nt

s w
ho

 h
ad

 H
IV

 su
bt

yp
e 

da
ta

, 4
1 

ha
d 

su
bt

yp
e 

A
, 4

 h
ad

 su
bt

yp
e 

C
, 2

4 
ha

d 
su

bt
yp

e 
D

, a
nd

 1
1 

ha
d 

in
te

rs
ub

ty
pe

 re
co

m
bi

na
nt

 H
IV

.

AIDS Res Hum Retroviruses. Author manuscript; available in PMC 2010 July 1.


