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ABSTRACT

Background: Single dose nevirapine and a short course of zidovudine (AZT) are now administered in most hospitals in
Uganda to prevent mother-to-child transmission (MTCT) of HIV. The effectiveness of these antiretroviral (ARV) regimens
has been shown in the clinical trials but has not been demonstrated outside the clinical trials setting in this country.
Objectives: The study evaluated the effectiveness of short course ARV regimens in a pilot program to prevent mother-to-
child transmission of HIV and determined the risk factors for perinatal transmission.

Methods: Cross-sectional study design was used to compare perinatal transmission rates of HIV in two sets of mothers:

ARV-treated mothers and ARV-untreated mothers.

Results: 109 treated and 90 naive mother-infant pairs were recruited. HIV transmission rates were similar in the nevirapine
(10/61) and AZT (8/48) groups (16.4% vs. 16.7%) respectively but higher in the naive group (43/90 48%, p= 0.0001). ARV
therapy offers a protective effect against MTCT of HIV (Adjusted Odds Ratio 0.22 95%CI1 0.09, 0.54) but mothers in Stage 1
and 2 of disease were more likely to benefit from this intervention than mothers in Stage 3 and 4.

Conclusion: In this community-based observational study, ARV reduces the risk of perinatal transmission of HIV but does
not eliminate the risk completely. Early screening of asymptomatic pregnant women will identify a group of mothers more

likely to benefit from the intervention.

Key words: HIV-1, mother, child, transmission, antiretroviral therapy

African Health Sciences 2004; 4(3):146-154

INTRODUCTION

Each year 590,000 infants acquire HIV-1 infection from
their mothers, mostly in developing countries that are
unable to implement antiretroviral interventions now
standard in the industrialized world*. Initial interventions
to prevent transmission are expensive and technically
complex and not feasible for use in developing countries
with limited resources.

A series of randomized clinical trials have been completed
to assess the effectiveness of oral antiretroviral therapy
(ART) regimens 5. More relevant to the situation would
be oral regimens at low cost. These clinical trials provide
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efficacy but do not provide information as to how the intervention
will work in practice.

Before 2000, in Uganda, the use of ART in the prevention of
mother-to-child transmission (MTCT) of HIV had been carried
out only under clinical trial conditions. At the beginning of the
year 2000, the Ugandan Ministry of Health and UNICEF began a
program to implement therapeutic regimens at 3 hospitals in
Kampala. This new program provided an opportunity to assess
the effectiveness of antiretroviral (ARV) use among pregnant
women outside the clinical trial setting.
In this community-based observational study, we estimate and
compare the perinatal transmission rates of HIV-1 among
mothers who received ART through the implementation program
with mothers who did not receive ART. We also determine the
modifiable risk factors associated with an increased risk of perinatal
HIV transmission. Identification of the factors likely to increase
the risk of perinatal transmission of HIV is important in enhancing
the therapeutic effect of ARV therapy.
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METHODS

Study population and setting
Between June and October 2000, we performed a cross
ectional study of Ugandan peripartum women to compare
the rates of HIV transmission among mothers who were
treated with ART compared to mothers who had not
received the treatment. Mothers were eligible if they were
over 18 years and HIV positive. A consecutive sample of
mothers treated with antiretroviral drugs was taken from
hospitals participating in the Uganda Ministry of Health
UNICEF/Elisabeth Glaser Pediatric AIDS Foundation
funded pilot program of nevirapine distribution to prevent
perinatal HIV transmission. The hospitals were Mulago,
Nsambya and Mengo and are all located in the capital city,
Kampala. The program began in March 2000 at these
hospitals.

The study enrolled mothers who were 18 years
or older attending postnatal clinics and had received a
regimen of ART in the prevention of MTCT of HIV.
Every mother-infant pair that met the selection criteria
and provided informed consent was enrolled as they
presented to the clinics.

As acomparison group, we recruited mothers from 3
postpartum clinics around Kampala. At the time of this
study, ART was not yet available at these clinics. Thus the
mothers recruited from these clinics did not receive ART
and are referred to as naive mothers. Naive mothers were
identified through an existing HIV counseling and screen-
ing program at these postnatal clinics. Post-partum moth-
ersand their children report to these clinics for health edu-
cation and for the vaccination of their infants. A consecu-
tive sample of mothers older than 18 years attending these
clinics was enrolled. The inclusion criteria for the naive
mothers were the same as those for treated mothers ex-
cept for the treatment status. Both groups of mothers
had received the standard antenatal care package, which
includes folic acid and iron supplementation.

Study design and intervention

As part of the government-sponsored implementation
program, treated mothers received either a single dose of
nevirapine of 200 mg at the onset of labor or a short
course of zidovudine (AZT) at 300 mg twice daily starting
at 36 weeks of gestation until delivery and for one week
post partum. The nevirapine dosage for the mother was
given at 36 weeks of gestation and the mothers were in-
structed to swallow the medication when labor pains
started. The infant received either a single dose of nevirapine
syrup at a dosage of 2mg/kg within the first 72 hours
after birth or one to two weeks of oral zidovudine therapy
postpartum at dosage of 5mg/kg body weight given twice
daily.

Patient consent

We obtained informed written consent from all mothers
before they were enrolled in the study. The mothers with
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unknown sero-status also consented for HIV voluntary counseling
and testing. The study was reviewed and approved by
Institutional Review Boards at Case Western Reserve University,
Cleveland, OH, USA and by the AIDS Research Sub-Committee
in Uganda.

Measurements

We administered a standard questionnaire to the mother to
assess risk factors associated with HIV perinatal transmission.
The variables collected included age of mother and infant,
breastfeeding status, history of sexually transmitted diseases,
number of sexual partners, and condom use. Breast-feeding status
was measured by self-report.

We also asked the mothers about prior history of exposure
to ARV and whether the father of the infant had used ARV
therapy. To assign the stage of maternal HIV disease, we asked
the mothers about history of symptoms associated with HIV/
AIDS disease and based the staging on the World Health
Organization criteria for staging . The mothers in stage 3 and 4
were combined into one group since there were only 3 mothers
who fell into stage 4 category.

A series of rapid test kits were administered in series to
screen mothers for HIV-1 antibodies. The health centers
were already using a similar rapid HIV testing protocol in
their voluntary counseling and testing program. In a series
of 3 rapid kits, the Determine ® (Abbot Laboratories,
Abbot Park, IL) test kit was used as the initial test for
HIV-1 antibodies. If a mother tested negative on
Determine®, she was considered as being negative
for HIV-1 antibodies and no further HIV tests were
performed. However, If the sample test was positive
on the Determine® test, the Unigold ® (Trinity Biotech)
test was done as a confirmatory test. The third rapid test available
was Serocard ® (Trinity Biotech) and was done only if the results
of the first two tests were indeterminate. The results were available
to the mothers within an hour after the blood draw was done.

The results were given to the mother after a posttest
counseling session. Experienced counselors at each clinic carried
out the counseling. We tested the infants for HIV using qualitative
Ribonucleic acid polymerase chain reaction (RNA PCR) with the
Roche AMPLICOR MONITOR assay (Roche Diagnostics,
Indianapolis, IN, US). The infant HIV testing was done at the
Makerere University-Johns Hopkins-Case Western Reserve
University Core laboratory at Mulago Hospital in Uganda.

Analytic strategy

We determined the descriptive statistics for all the variables and
then compared the baseline characteristics in the two treatment
categories. HIV transmission rates were estimated separately for
the naive and treated mothers as a proportion of infants with
HIV infection. We used unconditional logistic regression to
determine the odds ratio (95% confidence interval) for HIV
infection in the child according to treatment status of the mother,
maternal stage of disease, and breastfeeding status of the infant.
We used a stratified analysis and multivariable logistic regression
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to adjust for confounding and to detect effect modifiers.
Data was entered into Epi-Info Version 6 (CDC). Analysis
was done using Statistical package for Social Scientists, SPSS
® (Version 10) and Statistical Analysis Software, SAS ©
(Version 8)

RESULTS

Study population

Between June and October 2000, some 1003 naive mothers
were screened for HIV-1. Of these mothers, 129 (13%)
mothers tested positive for HIV-1 antibodies. Of the 129
mothers, 90 infant-mother pairs were enrolled in the study
(Figure 1). The rest of the mothers (n=39) were not
enrolled because they did not give consent to have their
infant in the study, or there was failure to draw blood from
the infant, in some (n==8) infants the amount of blood
was insufficient to perform the RNA PCR.

During the same time period, 115 HIV-infected

mothers treated with either nevirapine or zidovudine as
part of the implementation program were screened and all
were enrolled in the study. A total of 109 infant-mother
pairs were enrolled from the treated group. Of these 109,
48 mothers had received AZT while 61 mothers had received
nevirapine. For 6 mother-infant pairs, an HIV status of
the infant was not determined for reasons similar to those
among naive mothers.
Among the 45 mother-infant pairs who were excluded or
declined to participate, infants were more likely to be born
to naive mothers and were more likely to be breastfed.
There were otherwise no significant differences between
the mother-infant pairs with and without HIV results of
the child in terms of birth weight, gender, and age of
infants, or history of maternal sexually transmitted diseases.
Because of the absence of HIV results for a proportion of
infants, further analysis is based on infants with HIV results
available. The final study population comprises 90 naive
mother-infant pairs and 109 treated mother-infant pairs.

Maternal characteristics
The treated mothers were slightly older than the naive

mothers, had older husbands and tended to have had more
previous pregnancies compared to the naive mothers (Table
1). The two groups of mothers were, however, compa-
rable in terms of marital status, place of residence and the
number of other wives that their husbands had (Table 1).
The naive mothers were less likely to use condoms than
the treated mothers but had had fewer sex partners over
the past four years compared to the treated mothers (Table
1). Naive mothers also had a more advanced stage of HIV
disease. The two groups of mothers were comparable in
terms of history of symptoms associated with sexually
transmitted diseases STDs .

Infant features
There was no significant difference in the birth weights
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among infants born to treated or naive mothers (Table 2). The
infants of naive mothers were on average older than those whose
mothers were treated (38.5 vs. 8.7 weeks p< 0.001) and were more
likely to have breastfed (Table 2). Some infants in the naive mothers
group (4.5%) received antiretroviral therapy postpartum whereas
most of the infants in the treated mothers group (90%) received
antiretroviral therapy. There were 4 infants who were treated but
had mothers who had not received antiretroviral therapy because
of lack of drug supply at the time of delivery or mother refusing
to swallow the medications before labor.

Overall transmission rates of HIV

Among the 90 naive mother-infant pairs, 43 infants (47.8%) were
HIV-1 infected whereas among the 109 treated mother-infant
pairs, only 18 infants (16.5%) were HIV positive. This gives an
unadjusted odds ratio in the treated compared to the naive moth-
ers of 0.22 (95% CI 0.1-0.4). When the treated mothers were
stratified according to the medication received, the proportion of
infected infants was comparable between the AZT-treated and
nevirapine treated mothers (8/48 or 16.7% and 10/61 or 16.4%
in the AZT and nevirapine groups respec tively.

HIV infection rates within each infant-age category were
calculated among infants born to naive mothers to show the
trends in the prevalence of HIV (Table 3). The results showed a
trend towards increasing proportion of HIV infection rates with
increasing infant age (chi square for trend P<0.0002). Among
children younger than 20 weeks, 37.5% of infants were HIV
infected; this proportion rose to 50% among infants aged between
20-40 weeks. A similar observation was made among children of
treated mothers (Table 3). In naive mothers the proportion of
infected children did not increase with a more advanced stage of
HIV infection. In contrast, in treated mothers the proportion of
infected children rose with the stage of disease. The naive mothers
were more likely to have breast fed their infants compared to the
treated mothers (Table 3).

In a univariate logistic regression analysis, maternal
antiretroviral therapy was significantly protective of HIV in the
infant (OR=0.21, 95% CI 0.1-0.4) The univariate analysis tended
to show an increased risk for HIV transmission to the infant with
presence of genital ulcer in the last 4 years (OR=1.71; 95% ClI
0.91-3.2), history of an STD in the past four years (OR=1.67;
95% CI 0.89-3.14), and among male infants (OR=1.47; 95% ClI
0.79-2.74) but none was statistically significant. The age of infants
was associated with HIV infection as older infants and children
were more likely to be infected compared to the younger ones.
Breastfeeding was associated with an increased risk for transmission
(OR=1.5, 95% CI 0.78-3.0), but this risk was not statistically
significant.

A stratified analysis was done according to the breast-
feeding status of the mothers and showed a protective effect of
ARV in each stratum. Among the women who were breastfeeding,
the odds ratio (OR) for infection among treated mothers
compared with naive mothers was 0.18 (95% CI 0.08-0.44) and
among the mothers who did not breastfeed their infants, the OR
was 0.24 (95 % CI 0.06-0.9). There was an increasing risk of HIV
transmission with the advancing stage of HIV disease with the
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risk increasing from 1.27 times (95% C1 0.61-2.64) among
mothers in stage 2 to 1.76 times (95% CI 0.85-3.68) among
mothers in stage 3/4. In amultivariable logistic regression
analysis adjusting for stage of disease, breastfeeding and
age of the infant, the protective effect of antiretroviral
therapy in the prevention of HIV infection in the child
persisted (OR=0.22; 95%CI 0.09, 0.54).

Because of the significant differences in age of
the infants in the naive and treated groups, we did a separate
analysis only including infants less than 25 weeks of age.
Among the 106 children of treated mothers in this group,
17 (16%) were HIV infected compared to 16 of 43 (37.2%)
in the naive group. The adjusted risk of infection in the
infant was 0.32 (95% CI 0.14-0.72).

DISCUSSION

This observational study shows the effectiveness of
antiretroviral prophylaxis in the prevention of perinatal
transmission of HIV in a government-sponsored pro-
gram in a developing country. The results show that a
brief course of oral ARV therapy can successfully reduce
mother-to-child transmission of HIV. In a pilot program
that implements ARV in pregnant mothers in Uganda,
antiretroviral therapy reduced the risk of perinatal trans-
mission of HIV by 78%. The benefit of ARV remains
even after adjusting for the confounding effect of breast-
feeding, maternal stage of HIV disease and age of infant.
Furthermore, the level of reduction in transmission was
similar for nevirapine and zidovudine treatment groups.
The degree of protection found in this observational study
was greater than that found in the HIVNET 012 and Thai
CDC clinical trials. The observational nature of the study
and also the significant baseline differences observed be-
tween the treated and naive groups in our study could
explain this difference. In particular, the naive group in
this study had a high level of transmission in part because
of the older age of infants and the associated longer dura-
tion of breastfeeding. Therefore, the protective effect may
be exaggerated because of the high level of transmission
in the naive group through breastfeeding.

As was observed in the HIVNET 012 study
from Uganda , ARV therapy reduces but does not elimi-
nate the risk of perinatal transmission of HIV. Indeed,
the transmission of HIV still remains high (17%) despite
administration of ARV therapy in this observational study.
What are the potential reasons for this treatment failure?
First, transmission may occur in-utero prior to the admin-
igration of ARV "1,

The frequency of early in-utero HIV infection
appears to be low, compared with perinatal transmission
rates in infants born to HIV-1-infected mothers 2. The
strategy of peripartum therapy targets the high-risk pe-
riod of transmission during labor and delivery. Second, in
more advanced stages of HIV disease, brief courses of
ARV may not suppress viral replication sufficiently to pre-
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vent transmission. Third, after delivery breastfeeding may pro-
mote transmission of HIV 319, Finally, in the absence of these
factors, intrinsic drug resistance to antiretroviral therapy may ac-
count for the continued transmission?°-24, There are no large scale
studies done to-date to accurately estimate the proportion of
HIV transmission to the infant attributable to de novo resistance
in the mother despite ART therapy. However some case studies
and other small studies have shown evidence of mother-to-child
transmission of HIV drug resistant strains 226, In the first case

ever reported of mother-to-child transmission of drug resistant

HIV 25, the AZT resistance was not attributable to AZT given at
the end of pregnancy or during labor rather AZT resistance was
present before gestation. In the French Perinatal Cohort study,
sequence analysis was carried out on 34 infected children and
mutations related to AZT resistance were found in 7 of the 34
children . Evidence of mother to child transmission of AZT
resistant HIV-1 was found in 4 cases. However, in the assessment
of mothers and infants from the HIVNET 012 study, the au-
thors found little evidence for transmission of nevirapine-resis-
tant variants from women to infants who were infected by 6-8
weeks of age “°.

In this study, the infants benefited from the antiretroviral
therapy regardless of their stage of HIV disease. Among the
treated mothers, mothers in stage one of disease, however, have
a lower risk of transmission when compared to the mothers in
the more advanced stages of disease. This finding is consistent
with findings from a study of maternal viral load and the risk of
perinatal transmission of HIV-1 in New York 28, Kenya 2° and
West Africa %, The mothers in the early stage of disease seem to
benefit more from the treatment because of the significant
association between levels of HIV RNA and transmission among
AIDS-free women with CD4 count >500" 108/1. Another study
from Uganda also showed lower transmission rates for all women
receiving single dose nevirapine %!, however the best results were
seen in a subgroup of among mothers with the lowest CD4
counts.

Breastfeeding poses a significant risk of transmission
of HIV and the greatest risk occurs in the first 2 months of life 2.
Our study shows that the risk of HIV sero-conversion increases
with the age of the infant, probably attributed to the cumulative
effect of exposure to infected breast milk. However, this trend is
most evident among the infants whose mothers were naive to
ARV because these infants had a wider age range as compared to
those who were treated. Breastfeeding may therefore nullify the
effects of the antiretroviral intervention given to prevent perinatal
transmission of HIV. This is consistent with findings from the
Petra Study Team %2 where benefits from short-course ARV
regimens given in the peripartum period diminished considerably
after 18 months of follow up.

The mothers who received ARV treatment in our study
were less likely to have breastfed their infants compared to those
who did not receive ARV therapy. This could be attributed to the
counseling given to the treated mothers during antenatal clinic
attendance. In this study, breastfeeding is a classic confounder as it
is associated with the use of ARV, the exposure of intent, and
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with the outcome of interest. This confounding effect of
breest f eed ngvies dedl t wihby* adjusting for breastfeeding
in a multivariable model and 2 restricting the analysis to
infants under 25 weeks of age. The protective effect of
ARV therapy still persists.

Currently there are campaigns in developing coun-
tries for scaling up the implementation of short regimens
to prevent vertical transmission of HIV. These campaigns
have been accepted ** and successfully implemented 3427,
Despite the public health mandate for this treatment, there
is concern that widespread use of short course antiretroviral
regimens will result in the selection of drug resistant vari-
ants that may be sexually or vertically transmitted 3. Single
dose nevirapine has been shown to result in the selection
of drug resistant variants 3942, Presence of drug resistant
strains of HIV may be responsible for the continued trans-
mission despite the ARV therapy. Genotypic testing is be-
ing done to examine this hypothesis. Plans should be made
to incorporate drug resistance monitoring as part of the
treatment campaigns. The World Health Organization has
already recognized the need to develop a global antiretroviral

resistance monitoring program and held a consultative
meeting in which the experts suggested a review of the
existing regional and national networks to identify sentinel
sites and reference laboratories to participate in ARV drug

Figure 1. Study Population, Screening and Recrui

Naive Mothers

surveillance “%. The sentinel surveillance for drug resistance will be
cost effective because not all sites implementing ARV programs
are able to monitor drug resistance individually particularly the
programs in resource-limited countries.

Limitations of the study include the observational na-
ture of the study. This is shown by the differences in some key
variables like age of the infant and breastfeeding status. There-
fore, the age of the infant and breastfeeding are major biases in
this study. The small size of the study does not allow us to
demonstrate the significant risk attributable to STDs in the perina-
tal transmission of HIV. It should be noted that women in the study
from private hospitals like Nsambya and Mengo may be significantly
socially different from women at Mulago, the national referral Hospi-
tal and the postpartum clinics around Kampala.

In this operational study, we confirm the findings from clinical
trials showing the effectiveness of a short antiretroviral therapy regi-
men in preventing mother-to-child transmission of HIV. There is there-
fore an urgent need to expand access to the program countrywide to
prevent new pediatric HIV infections. There is also a need to address
the continued high transmission rates resulting from treatment fail-
ures.

tment

Treated Mothers

1003 mothers screened

115 treated mothers recruited

Nevirapine
63 mothers

129 (13%) mothers AZT
positive 52 mothers
39 mothers 4 mothers
excluded excluded

2 mothers
excluded

48 mother-infant
pairs

90 infant-mother pairs

61 mother- infant
pairs

Figure 1. Summary of the enrollment of mothers at the clinics.

1003 naive mothers were screened and of these 129 or 13% were HIV-1 positive. 115 treated mothers were enrolled. 52 of these had
received AZT while 63 had received nevirapine. Mothers excluded in the analysis either did not consent to have their child in the study

or had HIV results for their infant missing.
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Table 1: Maternal demographic characteristics, Kampala 2002

Characteristic Naive mothers Treated mothers p value
(n=90) (n=109)
Mean age of mother (sd) 255 (4.7) 27.3 (5) 0.014
Mean age of husband (sd) 32.3 (7.5) 345 (7.3) 0.03
n (%)
Marital status

Single 13 (15) 16 (15)

Married 71 (80) 81 (76)

Widowed 5(5) 10 (9) 0.61
Place of residence

Urban/town 37 (41) 42 (39)

Trading center 38(43) 52 (49)

Rural 14 (16) 13 (12) 0.64
Number of pregnancies (mean) 3 35 0.06
STD diagnosis by HW 35 (40) 33(31) 0.21
Genital discharge 30 (34) 34 (32) 0.7
Genital ulcer 35 (39) 29 (27) 0.07
Stage of HIV disease

Stage 1 27(30) 61(56)

Stage 2 30(34) 28(26)

Stage 3 32(36) 20(18) 0.001
Husband use of ARV 2(2) 3(3) 0. 65
Condom use*

Most of the time 1(1%) 6(6)

Sometimes 26(30%) 45(43)

Never 60(69%) 54(51) 0.022
Number of sexual partners (4years)

1 60(69) 50(51)

2 25(29) 41(42)

3 or more 2(2) 7(7) 0.03
Oral thrush 11(12) 7(6) 0.15
Herps zoster 4(5) 8(7) 042
History of TB tretament 10(11) 10(9) 0.65
aFisher’s exact test * Mantel Haenszel chi square test for trend p=0.007 sd = standard deviation

African Health Sciences Vol 4 No 3 December 2004 151



Table 2: Infant features startified by maternal treatment status, Kampla 2000

Charateristics Naive mothers Treated mothers  p value
(n=90) (n=109)

Infant features

Birth weight (Kg, mean) 3.2 3.3 041

Age in weeks (mean) 385 8.7 <0.001

Sex (male) n (%) 47(56) 41(38) 0.02*

Infant recieved ARV Treatment n (%)  4(4) 99(90) <0.001

Breastfeeding n (%) 77(87) 55(51) <0.001

@ chi-square with continuity correction

The infants in the two groups were similar in terms of birth weight. The naive mothers, however had older infants compared
to the treated group. Infants in the naive group were also more likely to be male and to have breastfed compared to the treated
group.

Table 3: HIV infant infection rate by infant age category, maternal stage of disease and
breastfeeding by treatment status of mother, Kampala 2000

ARV naive mother ARV treated mother

Number infected/number in column (%)

Age of infant (weeks)

<20 15/40(38) 16/101(16)
20-40 8/16(50) 2/8(25)
>40- 20/33(61) 0
Maternal Satge of HIV
Stage 1 16/27(60) 7/61(12)
Stage 2 12/30(40) 6/28(21)
Stage 3 15/32(47) 5/20(25)
Breastfeeding
Yes 3777 (48) 8/55(15)
No 6/12(50) 10/52(19)

The table shows a trend towards increasing proportion of infants infected with HIV-1 as age of the infant increases. It also
shows increasing proportion of infected infants with advancing stage of disease but only among the treated mothers.
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