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ABSTRACT
Objective: To evaluate cost-effectiveness of second
HIV test in pregnancy.
Background: Current strategy of single HIV test
during pregnancy in India can miss new HIV infections
acquired after the first test or those HIV infections that
were missed in the first test due to a false-negative HIV
test.
Methods: Between August 2011 and April 2013, 9097
pregnant HIV uninfected women were offered a second
HIV test near term (34 weeks or beyond) or within
4 weeks of postpartum period. A decision analysis
model was used to evaluate cost-effectiveness of a
second HIV test in pregnant women near term.
Primary and secondary outcome: Our key
outcome measures include programme cost with
addition of second HIV test in pregnant women and
quality-adjusted life years (QALYs) gained.
Results: We detected 4 new HIV infections in the
second test. Thus HIV incidence among pregnant
women was 0.12 (95% 0.032 to 0.297) per 100
person women years (PWY). Current strategy of a
single HIV test is 8.2 times costlier for less QALYs
gained as compared to proposed repeat HIV testing of
pregnant women who test negative during the first test.
Conclusions: Our results warrant consideration at the
national level for including a second HIV test of all
pregnant women in the national programme. However
prior to allocation of resources for a second HIV test in
pregnancy, appropriate strategies will have to be
planned for improving compliance for prevention of
mother-to-child transmission of HIV and reducing loss-
to-follow-up of those women detected with HIV.
Trial registration number: CTRI/2013/12/004183.

INTRODUCTION
Mother-to-child transmission (MTCT) of HIV
remains the most significant route of HIV
infection among children in the developing
countries. At the same time, of all the bio-
logical interventions to prevent HIV transmis-
sion, prevention of MTCT of HIV is the most
efficacious intervention. The global plan
towards elimination of new HIV infections
among children has reported 38% decrease
in new HIV infections among children.1 In

the developed regions of the world, MTCT
rates are as low as 2% due to wide coverage
and provision of highly effective antiretroviral
treatment (ART) regimens.2 3 Eliminating
paediatric HIV infection appears to be the
most achievable goal globally.
In India, a Prevention of Parent to Child

Transmission of HIV/AIDS (PPTCT) pro-
gramme was initiated in 2002. Since then,
there has been sustained scale up of the
PPTCT programme in the country. Total
annual births in 2009 in India were 26 787
000,4 and the Interagency Task Team of
UNICEF on the prevention and treatment of
HIV infection in pregnant women, mothers
and children estimated that of these 27
million annual pregnancies, 22 000–61 000
occurred in HIV-positive pregnant women.5

It is estimated by the National AIDS Control
Organization (NACO) that 5.4% of the new
HIV infections in India are due to transmis-
sion of infection from parent to child.6 The
PPTCT programme of the NACO offers
routine HIV testing to all pregnant mothers.
As per the current protocol, women are

Strengths and limitations of this study

▪ Of all the biological interventions to prevent HIV
transmission, prevention of mother-to-child
transmission (PMTCT) of HIV is the most effica-
cious intervention.

▪ Our proposed strategy of a repeat HIV test in
pregnancy near term is cost-effective and
strengths of our study include large sample size
and demonstration of low HIV incidence in preg-
nant women.

▪ The current strategy of a single HIV test results in
8.2 times more cost for less quality-adjusted life
years gained. Our proposed strategy of repeat HIV
testing of pregnant women who test negative in
the first test offers 1 healthy child at US$6.8.

▪ The limitations of the study include low HIV inci-
dence and loss to follow-up. Therefore, prior to
allocation of resources for a second HIV test in
pregnancy, appropriate strategies will have to be
planned for minimising such loss to follow-up.

Joshi S, et al. BMJ Open 2015;5:e006718. doi:10.1136/bmjopen-2014-006718 1

Open Access Research

 on A
pril 9, 2024 by guest. P

rotected by copyright.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2014-006718 on 11 June 2015. D

ow
nloaded from

 

http://dx.doi.org/10.1136/bmjopen-2014-006718
http://dx.doi.org/10.1136/bmjopen-2014-006718
http://crossmark.crossref.org/dialog/?doi=10.1136/bmjopen-2014-006718&domain=pdf&date_stamp=2015-06-11
http://bmjopen.bmj.com
http://bmjopen.bmj.com/


tested for HIV only once during pregnancy.7 Therefore,
pregnant women who are in the window period at the
time of the first HIV test or who acquire HIV after the
first test do not receive interventions to prevent transmis-
sion of HIV to the baby. Acute HIV infection is asso-
ciated with very high levels of HIV-1 RNA,8 9 thus acute
maternal HIV-1 infection during pregnancy and breast-
feeding is associated with higher rates MTCT of
HIV-1.10–12 The aim of eliminating MTCT of HIV will be
accomplished only if appropriate strategies to prevent
transmission are applied at each step. The Centre for
Disease Control (CDC), USA, has recommended repeat
HIV testing in the third trimester for all women in juris-
dictions with elevated HIV incidence and for women
receiving healthcare facilities with at least one diagnosed
HIV case per 1000 pregnant women per year.13

A second HIV testing of pregnant women is not yet
implemented in India. In addition to the already declin-
ing HIV epidemic and other competing health priorities,
we are at the crossroads of carefully allocating available
resources for HIV prevention efforts. In order to include
a second HIV test of pregnant women in the national
programme to achieve the goal of elimination of MTCT,
a cost-effectiveness analysis of the intervention can help
policymakers in taking an appropriate decision for
implementation of the intervention. Therefore, we con-
ducted a study to evaluate cost-effectiveness of an add-
itional HIV test among pregnant women attending
antenatal clinics in Pune, Maharashtra.

METHODS
The study was conducted at two Primary Health Centres
(Kamshet and Talegaon in Maval Tehsil) and three
urban sites (Maharashtra Institute of Medical Education
and Research, Kamla Nehru Hospital and Sane Guruji
Hospital).
The study was conducted between August 2011 and

April 2013. Study staff was hired and trained prior to
study initiation. Monthly data regarding number of preg-
nant women tested for HIV (1st HIV test as per national
guidelines) and number detected with HIV (baseline
HIV prevalence in pregnant women) were collected
from the NACO ART centre at these sites.
Potential study participants were identified based on

their antenatal chart review. Women in the late third tri-
mester of pregnancy (beyond 34 weeks of pregnancy)
with a documented HIV-negative test report at least
3 months prior to the visit, willing to sign a written
informed consent form and willing to undergo a repeat
HIV test, were consented and offered a second HIV test.
Written informed consent included possibility of a tele-
phonic call or a home visit if they were confirmed to be
HIV infected so that PPTCT services could be offered.
After signing the informed consent form, data were col-
lected on a structured questionnaire regarding age, edu-
cation, religion, marital status, occupation of both
partners, age at first sexual contact, husband’s risk for

HIV infection, history of any risk after the initial HIV
test (history of blood transfusion, tattoo, ear/nose pier-
cing, injections) and obstetrical history. A rapid HIV test
was performed on a whole blood sample collected by a
finger prick on site. Post-test counselling was carried out
and an HIV test report was given to the woman immedi-
ately. As per the national protocol, women were also
counselled to encourage their partners to get tested for
HIV and to opt for an institutional delivery.
If the HIV test report was positive in the rapid HIV

test, a second venous sample was immediately collected
for confirmation of HIV infection and women were
called back for the test report after 1 week. Women who
were detected with HIV infection were referred appro-
priately for PPTCT interventions. Recently delivered
women who could not be assessed by a second HIV test
prior to delivery (eg, those who delivered on admission)
but had a documented negative HIV test report at least
3 months prior to delivery, were also invited to partici-
pate in the study and were tested within 4 weeks of deliv-
ery so that possible infection could not be attributed to
HIV acquisition after delivery.

DATA ANALYSIS
Data were collected on a structured questionnaire. Data
entry was performed in MS Access 2007 software and
analysed using STATAV.12.0 software. Standard formulae
were used to calculate 95% CI. TreeAge software was
used for cost-effectiveness and sensitivity analysis. The
indicators of cost-effectiveness were programme cost
with addition of a second HIV test in pregnant women
and quality-adjusted life years (QALYs) gained. A deci-
sion analysis model was created to compare two strat-
egies (figure 1): (1) the current strategy of a single HIV
test during pregnancy that is implemented by NACO
and (2) a proposed strategy with addition of a second
HIV test of pregnant women after 34 weeks of pregnancy
or within 4 weeks after delivery who were tested HIV
negative in the first test (in addition to the current strat-
egy of a single HIV test). The model was created for
9097 women enrolled in the study to compare proposed
strategy with the current strategy. The model included
four women who were HIV negative in the first test at
baseline but were detected with HIV infection after
3 months in the second test and had an opportunity to
prevent MTCT with the use of ART. We also compared
HIV status of their babies and life expectancy of the
HIV-infected baby with and without ART. Baseline values
for input parameters for decision analysis model are
given in table 1. The programme costs included person-
nel, infrastructure, recurrent costs, cost of ART for
PPTCT to women detected with HIV and treatment of
the HIV-infected baby. For the current strategy, US$3.33
was included as the cost of the first HIV test.14 15 For the
proposed strategy, the cost of the first HIV test as well as
the second HIV test (US$3.33 each) was included in the
model (figure 1). The cost of the second HIV test for
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the programme is likely to be less than US$3.33, as the
infrastructure already exists, however, for convenience,
we have considered US$3.33 for second test also to
account for personnel time and cost. The probabilities
of new HIV infections, ART for the mother and HIV
status of the baby at the end of 18 months obtained

from this study were used for decision analysis. We have
assumed that life expectancy of an HIV-infected child in
India on ART would be at least 50% of normal life
expectancy,16 and since the life expectancy of a healthy
baby in India is 65 years,17 for convenience, we rounded
off the life expectancy to 30 years. Thus we included

Figure 1 Decision analysis model showing comparison of cost-effectiveness of proposed strategy of repeat HIV testing of

pregnant women in late pregnancy with the current strategy of single HIV test (ART, antiretroviral treatment; PMTCT, prevention

of mother-to-child transmission).

Table 1 Input parameters for decision analysis model

Variable (reference) Comment

Life expectancy in years

Life expectancy of a healthy baby17 65

Life expectancy of an HIV-positive baby with ART16 30

Life expectancy of an HIV-positive baby without ART27 2

Probabilities

Probability of HIV incidence rate in pregnant women 0.0012

(95% CI 0.00032 to 0.00297)

Based on new HIV

infections detected

during the second HIV

test in our study

Probability of receiving ART in women detected with HIV

in the second test

0.5 (95% CI 0.33 to 0.964) Based on our study

findings

Probability of breast feeding 1 Based on our study

findings

Cost (US$, US$1= 50 INR)

Cost of first HIV test14 15 US$3.33

Cost of second HIV test14 15 US$3.33

Cost of ART for PMTCT18 US$178.75

Cost of HIV testing (HIV PCR) US$16.0 Based on cost to

Prayas’s EGPAF’s

PMTCT programme

Cost of ART for HIV-infected baby18 US$194.0

QALY

QALY of HIV uninfected baby19 20 1

QALY of HIV-infected baby on ART19 20 0.83

QALY of HIV-positive baby without ART19 20 0.73

QALY gained

QALY gained* for healthy baby (HIV uninfected/

HIV-negative baby)17
65

QALY gained for HIV-positive baby on ART20 24.9

QALY gained for HIV-positive baby without ART20 1.46

*QALY gained=QALY×life expectancy.
ART, antiretroviral treatment; EGPAF, Elizabeth Glaser Pediatric AIDS Foundation; PMTCT, prevention of mother-to-child transmission; QALY,
quality-adjusted life years.
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cost of ART for an HIV-infected child18 for 30 years after
birth. We assigned a QALY weight of 1 for a healthy
child (HIV negative), 0.83 for an HIV-infected child with
ART and 0.73 for an HIV-infected child without
ART.19 20 The outcome in terms of QALY, costs and
probability were entered into the TreeAge software for
cost-effectiveness and sensitivity analysis. We performed
one-way sensitivity analysis to determine the effect of
HIV incidence on the cost-effectiveness of the
programme.

RESULTS
We enrolled 9164 consecutive eligible women in this
study of whom 67 were excluded from final analysis due
to inadequate data and thus 9097 women were included
in the final analysis. Of these 9097 women, 2229 and
6868 women were enrolled at rural and urban sites,
respectively. The majority of the enrolled participants
(69.4%) were less than 25 years of age, 94.5% had some
education and 79% of the participants were Hindu.
None of them declined a second HIV test. About 90%
were housewives and 99.4% were living with a husband
who was earning. About 45.4% were primigravida and
99.9% were not infected with HIV in the second HIV
test. Table 2 provides data on enrolments at rural and
urban sites, baseline HIV prevalence and HIV incidence
in pregnant women. Baseline HIV prevalence in preg-
nant women (HIV prevalence in pregnant women
during the first HIV test) at rural sites was 0.42, and 0.46
at urban sites, and the difference was not statistically sig-
nificant (data not shown). The overall HIV prevalence
at baseline in pregnant women was 0.45%.
We detected four new HIV infections among the preg-

nant women and thus HIV incidence among pregnant
women was 1.2 per 1000 person women years (PWY)
(95% CI 0.32 to 2.97). Two women each were detected
with new HIV infection in the second test at the rural
and urban sites. HIV incidence at the urban sites was 0.8
(95% CI 0.09 to 2.82) per 1000 PWY, and 2.3 (95% CI
0.27 to 8.19) per 1000 PWY at the rural sites. HIV inci-
dence at the rural sites was higher than that of urban
sites but the difference was not statistically significant.
Of the 9097 women included in the final analysis, 4

women were detected with HIV infection in the second
HIV test as stated above. Their partners were also tested

for HIV and all 4 were detected to be HIV infected.
However, none of them were aware of their HIV status.
All these four women were primigravida and their mean
age was 27.25 (range 20–35 years). Of these four
women, one refused to accept the test result and left the
study. One woman defaulted on treatment for PPTCT
and her baby was found to be infected with HIV at
12 months of follow-up. Two women completed ART for
PPTCT and their babies remained HIV negative at
18 months. These transmission probabilities and afore-
mentioned costs were used in the TreeAge software. On
rollback, the cost of the proposed strategy, that is, add-
ition of a second HIV test in late pregnancy, was US$6.8
per 64.98 QALYs gained (equivalent to one healthy life
of an HIV uninfected child) whereas the current strategy
of single HIV test during pregnancy requires US$55.83
per 39.09 QALYs gained. Thus the currently adminis-
tered national strategy spends 8.2 times more US dollars
for less QALYs gained.

Sensitivity analysis
One-way sensitivity analysis was performed to determine
the changes in cost-effectiveness with different probabil-
ities of HIV incidence, and is presented in table 3. Our
HIV incidence was 0.12 per 100 PWY, and with different
probabilities of HIV incidence ranging from 0.01 to 5.0
per 100 PWY, the proposed strategy remained cost-
effective with less US dollars spent and more QALYs
gained.

DISCUSSION
Our study provides an important lead to strengthen
NACO’s programme for PPTCT. Addition of a second
HIV test near term for pregnant women who had tested
HIV negative in the first HIV test in pregnancy was
found to be cost-effective. To the best of our knowledge,
this is the first study in India that has evaluated cost-
effectiveness of a second HIV test among pregnant
women. Current strategy of a single HIV test results in
8.2 times more cost for less QALYs gained as compared
to the proposed repeat HIV testing of pregnant women.
Our proposed strategy offers 1 healthy child at US$6.8.
Our proposed strategy is cost-effective only with addition
of the cost of the second HIV test and without addition
of incidental benefits of early HIV diagnosis of young

Table 2 Baseline HIV prevalence, enrolments at rural and urban sites, and HIV incidence in pregnant women

Rural sites Urban sites

Number of women tested for first HIV test 4803 13 109

Number of women detected with HIV in first HIV test 20 60

Baseline HIV prevalence (first HIV test) 0.42 0.46

Number of women enrolled for second HIV test 2229 6868

Number of women detected with HIV in second HIV tests 2 2

HIV incidence rate per 1000 persons women years (PWY) 2.3 (95% CI 0.27 to 8.19) 0.8 (95% CI 0.09 to 2.82)

Overall HIV incidence/1000 PWY 1.2 (95% CI 0.32 to 2.97)
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women and their partners. With current programme
guidelines of offering lifelong ART to all pregnant and
lactating mothers irrespective of CD4 counts, this
becomes even more beneficial. It is also worth noting
that we detected one woman with HIV infection on the
second day of her delivery. Thus repeat HIV testing
should be offered to women in the immediate post-
partum period if the second test was not performed
prior to delivery or if they were never tested before.
During 2012, about 5.71 million pregnant women

were tested for HIV in India. The overall HIV prevalence
in India among them was 0.17%, while in Maharashtra it
was 0.23%.21 We observed higher prevalence of HIV
(0.45%) in pregnant women at our study sites. A wide
variation of HIV prevalence among antenatal women
has been reported across different states in India with
lowest HIV prevalence of 0.02% in Arunachal Pradesh,
Jammu and Kashmir, and highest prevalence of 0.84%
in Nagaland.
Similarly, HIV incidence among pregnant women is

likely to vary across different states/sites within India.
Our study indicates that repeat HIV testing is cost-
effective even with very low HIV incidence (<0.0001),
and this strategy can be implemented and would be
beneficial for all the states in India.
Although we could not ascertain whether all four new

HIV infections were acquired after the first test (since
we did not perform detuned ELISA on the samples);
and it is possible that the first HIV test during pregnancy

was a false-negative test. Considering our HIV incidence
of 1.2 per 1000 PWY, a substantial number of new
HIV-infected pregnant women could be detected with
the proposed strategy of a second HIV test, and this
opportunity for prevention of mother-to-child transmis-
sion (PMTCT) should not be missed if India wishes to
achieve the goal of zero new HIV infections.
An important finding of this study is the low incidence

of HIV in pregnant women, which supports other studies
in demonstrating a decline in the HIV epidemic in India.
Decline in adult HIV prevalence and new HIV infections
are sustained in most of the states in India including all
the high prevalence states of South India and the North
East except for some low prevalence states.22 A report
from Pune region has reported a decline in HIV inci-
dence in young pregnant women and the estimated HIV
incidence decreased from 2.2 (95% CI 1.6 to 3.0) in
2002–2003 to 0.73 per 100 PWY (95% CI 0.5 to 1.0) in
2006.23 We have previously reported 82% decline in HIV
prevalence in pregnant women from 2003 to 2008 in the
same region.24 In our study, HIV incidence was 0.12
per100 PWY and this also supports decline in new HIV
infections among young pregnant women.
In our study, the male partners of women newly

detected with HIV were encouraged to get tested for
HIV after appropriate pretest counselling and all four
male partners were also found to be HIV infected. They
were referred appropriately and this additional benefit
of early diagnosis, referral and linkage to treatment

Table 3 One-way sensitivity analysis of cost and effectiveness of current strategy (of single HIV test) and proposed strategy

(of addition of second HIV test during pregnancy)

HIV incidence

(probability) Strategy Cost (C) Effect (E)

C/E (USD per

QALY gained)

Incremental

cost-effectiveness ratio

0.0001 Proposed $6.67 65.00 0.10 265 Cost saving

Current $55.83 39.09 1.42 824

0.005 Proposed $7.29 64.93 0.11 226 Cost saving

Current $55.83 39.09 1.42 824

0.010 Proposed $7.91 64.87 0.12 188 Cost saving

Current $55.83 39.09 1.42 824

0.015 Proposed $8.52 64.80 0.13 152 Cost saving

Current $55.83 39.09 1.42 824

0.020 Proposed $9.14 64.74 0.14 118 Cost saving

Current $55.83 39.09 1.42 824

0.025 Proposed $9.76 64.68 0.15 086 Cost saving

Current $55.83 39.09 1.42 824

0.030 Proposed $10.37 64.61 0.16 056 Cost saving

Current $55.83 39.09 1.42 824

0.035 Proposed $10.99 64.55 0.17 027 Cost saving

Current $55.83 39.09 1.42 824

0.040 Proposed $11.61 64.48 0.18 001 Cost saving

Current $55.83 39.09 1.42 824

0.045 Proposed $12.22 64.42 0.18 977 Cost saving

Current $55.83 39.09 1.42 824

0.05 Proposed $12.84 64.35 0.19 955 Cost saving

Current $55.83 39.09 1.42 824

C/E, cost-effectiveness ratio; QALY, quality-adjusted life years.
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provides additional collateral benefit and addition to
cost-effectiveness of our proposed intervention. Spread
of HIV among married monogamous women from part-
ners with high-risk behaviour has been previously
reported.25 It is possible that increased male partner
involvement, counselling and testing of male partners at
the time of first test could avert some of the transmis-
sions to women, and consequentially to their children.
The strengths of our study include large sample size,

demonstration of incident HIV infections in pregnant
women who were tested HIV negative in the first HIV
test in pregnancy and cost-effectiveness of repeat testing
for HIV in pregnancy in spite of low incidence of HIV.
This is probably because of substantial reduction in the
cost of HIV testing as against the cost of lifelong ART if
infected with HIV. The weaknesses of the study include
low HIV incidence and loss to follow-up. Although we
detected four new HIV infections in pregnant women,
only two women completed appropriate ART for
PMTCT and their babies remained HIV uninfected at
the end of 18 months. Therefore, prior to allocation of
resources for a second HIV test in pregnancy, appropri-
ate strategies will have to be planned for minimising
such loss to follow-up.
In addition to CDC,13 rescreening of pregnant women

in the last trimester has been recommended by the
South African government.26 South Africa is a country
with very high HIV prevalence as well as HIV incidence.
The cost-effectiveness of HIV re-screening during preg-
nancy in South Africa was shown to prevent a substantial
number of infant HIV infections and save costs to the
healthcare system.19 Our findings will help NACO in
shaping the national policy for strengthening the
PMTCT programme.
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