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Abstract 

Background:  The number of HIV-positive pregnant women accounted for about 10% of China’s total over the past 
few years in Liangshan Prefecture, Sichuan province in China. Although cost-effectiveness of the PMTCT of HIV have 
been evaluated in other previous studies, no specific study has been conducted in Liangshan prefecture, nor has the 
expenses paid individually by HIV-positive pregnant women been included. The purpose of this study was to evalu‑
ate both the short-term and long-term cost-effectiveness of PMTCT of HIV in Liangshan Prefecture from the social 
perspective.

Methods:  From December 2018 to January 2019, individual expenses and the other costs were collected: individual 
expenses of 133 recruited HIV-positive pregnant women registered in the National Information System of Prevention 
of Mother-to-Child Transmission of HIV, Syphilis, and HBV, and the other costs from local maternal and child health‑
care hospitals, Centers for Disease Control and Prevention, and general hospitals. The costs, the number of pediatric 
infections averted from being HIV infected were analyzed. And, Life years gained by pediatric infections averted were 
calculated by using a life table. Besides, Direct benefit was calculated through a Markov mode. Furthermore, One-way 
sensitivity analysis was conducted for key variables affecting the benefit–cost ratio.

Results:  The estimated number of pediatric infections averted was 164.The total cost was USD 114.1 million, includ‑
ing direct medical costs, direct non-medical costs, and indirect costs, which were USD 54.2 million, USD 53.4 million, 
and USD 6.5 million, respectively. 630.6 person-years discounted to 2017 were gained at a 3% annual rate, and cost 
per life year gained was USD 1809.50. Direct benefits were USD 198.4 million, indirect benefits USD 82.5 million, and 
the benefit–cost ratio was 1.5. The sensitivity analysis showed that if PMTCT costs hypothetically ranged from USD 
85.6 million to USD 142.6 million, benefit–cost ratio would vary from 1.0 to 2.3.

Conclusions:  PMTCT of HIV in Liangshan Prefecture was very cost-effective. It was a great economic burden of 
PMTCT on HIV-positive pregnant women and their families to take individual expenses. Therefore, it could be sug‑
gested that individual expenses should be covered as much as possible by different types of financing.
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Background
In 2010, World Health Organization (WHO) rec-
ommended maternal Zidovudine(AZT) + infant 
antiretroviral(ARV) prophylaxis (Option A) and mater-
nal triple ARV prophylaxis(Option B) for treating preg-
nant women and preventing HIV infection in infants [1], 
and the third option (Option B+) was recommended by 
WHO in 2012 [2], in which all pregnant women living 
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with HIV should be offered lifelong triple antiretroviral 
therapy (ART), regardless of their CD4 + count. Conven-
tionally, every PMTCT scheme includes HIV laboratory 
testing for all pregnant women and children, maternal 
ART, and pediatric ART.

The risk of mother-to-child transmission (MTCT) of 
HIV ranges from 14% to 48% in the absence of any inter-
vention [3], and it could be reduced to less than 2% with 
effective interventions during the periods of pregnancy, 
delivery, and breastfeeding [4]. In China, the MTCT rate 
decreased from 34.8% under no government intervention 
(before 2005) to 3.6% in 2020 [5], while the number of 
HIV-positive pregnant women in Liangshan Prefecture 
of Sichuan province accounted for about 10% of China’s 
total in the past few years, and the MTCT rate was 3.44% 
which remained higher than the national average in 2020 
[5]. There were several factors influencing the Preven-
tion of mother-to-child transmission (PMTCT) of HIV 
in Liangshan Prefecture, such as traffic inconvenience, 
family economic disadvantage, and poor knowledge 
of hazard of MTCT of HIV [6]. In view of this, a lot of 
financial and human resources were invested sufficiently 
by the Chinese government for PMTCT of HIV includ-
ing ART, early infant diagnosis (EID) of HIV, HIV testing 
reagents consisted of preliminary screening testing and 
reinspection testing, laboratory consumables, and labo-
ratory equipment, etc. In Liangshan Prefecture, interven-
tions for PMTCT of HIV were implemented by several 
related local institutions, mainly including maternal and 
child healthcare hospitals (MCH), the Center for Disease 
Control and Prevention (CDC), and general hospitals [7].

It was showed that the PMTCT of HIV was cost-
effective in previous studies [8–10]. And Peslie Gibson 
Ngambi et  al. [11] reviewed seven model-based stud-
ies on the cost-effectiveness of lifelong ART. The stud-
ies above were all model-based studies that the cost and 
effectiveness were simulated instead of survey. In one of 
the studies in China, costs were estimated with budget 
on the health economic evaluations of PMTCT of HIV 
in Dehong prefecture [12], and deterministic models for 
simulating a cohort was developed for examining cost-
effectiveness of option B+ in PMTCT of HIV in Yunnan 
Province [13]. However, the model-based studies ignore 
discrepancies or differences in different settings. Despite 
the actual situation in reality that these kinds of surveys 
could discover, they cannot demonstrate the outcomes in 
the long-term. And there still have been no studies that 
had individual expenses included in the cost-effective-
ness of PMTCT of HIV, to our knowledge. What’ more, 
no research on the cost-effectiveness of PMTCT of HIV 
was found online in Liangshan Prefecture. Therefore, 
according to WHO guide to cost-effectiveness analysis 
[14], combined with survey and model-based study, this 

study was designed to evaluate both the short-term and 
long-term cost-effectiveness of PMTCT of HIV in Liang-
shan Prefecture from the perspective of society.

Methods
Study design
For the perspective of the study was society, all PMTCT 
costs were incorporated no matter who paid for them. 
Based on the results of pilot survey, funding channels of 
PMTCT of HIV included Chinese central government, 
Sichuan provincial government, Liangshan Prefecture 
government, counties governments, MCHs, non-govern-
mental organization (NGO), and individuals as well. The 
expenditure occurred in MCHs, CDCs, general hospitals, 
and by individual. All costs were collected from institu-
tions above and individuals through two different kinds 
of questionnaires.

To collect the costs of PMTCT of HIV and the effec-
tiveness data in 2017 was the study conducted from 
December 2018 to January 2019. Based on high-, 
medium-, and low-level HIV prevalence rates, the annu-
ally reported prevalence rates of HIV-positive pregnant 
women in the 17 counties of Liangshan prefecture was 
0.5–3.2%, 0.1–0.4%, and 0.0–0.1%, respectively. For each 
prevalence level, two counties were sampled based on 
purpose sampling for collecting cost data from MCHs, 
CDCs, and general hospitals.

To collect individual cost, HIV-positive pregnant 
women registered in the National Information System of 
PMTCT of HIV, Syphilis, and HBV, was recruited to local 
clinic for questionnaire survey one by one. Individual 
costs included meals due to hospital visits, transporta-
tion due to hospital visits, infant formula, hospitalization 
and medical cost during pregnancy and in labor. Loss of 
workday income due to hospital visits were not included, 
considering the low level of daily income of Liangshan 
residents. The total individual costs in Liangshan were 
calculated by multiplying the average individual cost 
from survey by the sampling weight.

To estimate the sample size, the individual indirect-
costs were set as standard deviation (σ) at USD 74. 1, the 
allowable error (δ) was set as USD 14.8, and µα(α = 0.05 ) 
was 1.96. The parameter above for sample size calculation 
were estimated based on the local consumption level. The 
formula for calculating sample size was as follows:

the estimated minimum sample size of HIV-positive 
pregnant women (n) was obtained as 96.

And another method for estimating the sample size 
was cited, the criterion of sample size for pharmaco-
economic evaluation. The criterion suggested that the 

n =

(uασ

δ

)2

,
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minimum sample size of each group should not be less 
than 100 cases for a study on high-quality pharmacoeco-
nomic evaluation [15].

Costing
The costs were divided into three parts according to their 
traceability: direct medical costs, direct non-medical 
costs, and indirect costs. Direct medical costs covered 
the cost of drugs for ART and prophylactic, EID of HIV, 
HIV preliminary screening testing reagents, HIV rein-
spection testing reagents, laboratory consumables, hospi-
talization, and laboratory equipment. Direct non-medical 
costs covered the salary of those who offered interven-
tion services; individual transportation, individual meals, 
infant formula; and financial aid for pregnant women. 
Indirect costs included staff training expenses, propa-
ganda expenses, office expenses, and office equipment 
expenses.

According to Chinese Government Accounting Stand-
ard No. 3—Fixed Assets, the useful lifespan was set 
as 15  years for office furniture, 10  years for lab equip-
ment, 6 years for office equipment, and 5 years each for 
micropipettor. The scrap value rate was set as 0% for the 
micropipettor and 5% for the other fixed assets [16]. The 
annual depreciation of fixed assets was determined using 
the straight-line method:

Cost‑effectiveness analysis
Effectiveness analysis
In this study, the number of pregnant women tested 
for HIV (N1) and the number of HIV-positive preg-
nant women (N2) were analyzed. To calculate the num-
ber of pediatric infections avoided HIV infection from 
their mothers (N3), N2 was multiplied by the difference 
between the rate (34.8%) without any intervention in 
China and the current rate (9.0%). The formula for calcu-
lating N3 was as follows:

Health utility analysis
The life years (LYs) gained by N3 were calculated as 
a measure of health utility using a life table. Here, 
76.9  years of age—the life expectancy of the people in 
Sichuan province in 2017, and age-specific mortality rate 
from the sixth national census of China were referenced 
[17]. The cost utility ratio (CUR) was used to measure the 
cost per LY gained, as follows:

Annual Depreciation = Cost of Asset ∗ (1−ScrapValue Rate)/Useful Life.

N3 = N2 ∗ (34.8− 9.0%).

where C was the cost of PMTCT, and U was the number 
of LYs gained by N3.

Cost‑benefit analysis
The benefits from PMTCT were of two types: direct ben-
efits and indirect benefits. Direct benefit was defined 
as saving the cost of ART for N3, and it was calculated 
based on a Markov model with the statistical software 
R-4.1.1(W. N. Venables, D. M. Smith and the R Core 
Team) package heemod. For creating the Markov model, 
it was assumed that the disease process of HIV/AIDS 
had the following health states: HIV state, AIDS state, 
and the absorbing state of death. It was also assumed that 
life expectancy of HIV-infected pediatric from mother 
was 25  years according to the literature [18], and that 
the cycle length of the Markov model was one year. The 
costs after 2017 were discounted to 2017 at the rate of 3% 
annually (Fig. 1).

The indirect benefit, defined as economic value created 
by pediatric infections averted, was calculated by multiply-
ing the estimated LYs by age-weighted productivity GDP 
per capita based on the human capital theory. Age-weighted 
productivity of those aged 0–14, 15–44, 45–59, and above 
60 years is 0.15, 0.75, 0.8, and 0.1, respectively [27].

The benefit–cost ratio (BCR), defined as the proportion 
of net output to input economically, was considered as 
the total net benefit per cost of PMTCT. It was calculated 
as follows:

CUR =
C

U
,

Fig. 1  Markov model of HIV/AIDS for ART. AIDS acquired 
immunodeficiency syndrome, ART​ antiretroviral therapy, HIV human 
immunodeficiency virus
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Sensitivity analysis for BCR
One-way sensitivity analysis was conducted for key vari-
ables to which BCR were expected to be sensitive. It 
was assumed that costs of PMTCT could vary by ± 25%. 
The range of transition probabilities and costs of ART 
in the Markov model were between lower and upper in 

BCR =

∑

b
∑

c
=

∑
(

Directbenefit + Nodirectbenefit
)

− CostofPMTCT

CostofPMTCT
.

Table 1, while the life expectancy of pediatric infections 
averted ranged from 15 to 35 years, and the discount rate 
ranged between 0 and 10%. The life expectancy in Liang-
shan ranged from 60 to 85 years, and its GDP per capita 
ranged from USD 1295.8 to USD 8393.9 (Table 2).

Results
Basic information
In 2017, 34,991 pregnant women registered in the 
National Information System of Prevention of Mother-
to-Child Transmission of HIV, Syphilis, and HBV, were 
tested for HIV, and 663 of them were HIV-positive after 
reinspection testing. In this study, 133 HIV-positive preg-
nant women among them were recruited to fill out the 
individual questionnaire. Besides, six MCHs, six CDCs, 
and six General Hospitals were investigated.

Costs
Costs collected from institutions plus the individual costs 
were the total cost of PMTCT in 2017 at USD 114.1 million. 
The costs were from fiscal expenditure, individual expenses, 
MCHs, and NGOs, which were USD 77.8 million, USD 20.8 
million, USD 13.7 million, and USD 1.9 million, accounting 
for 68.2%, 18.3%, 12.0%, and 1.6%, respectively.

The direct medical costs, direct non-medical costs, and 
indirect costs, were USD 54.2 million, USD 53.4 million, 

Table 1  Markov model parameters of HIV/AIDS for ART​

HIV/AIDS human immunodeficiency virus/acquired immune deficiency 
syndrome, ART​ antiretroviral therapy
a Transformed by the mortality rate per 100 people
b Average value over years

Parameter Value

Initial distribution of HIV/AIDS (%)

 HIV state 100.0%

 AIDS state 0.0%

Transition probabilities per year (%)

 HIV state > AIDS state [mean (min–
max)]

11.3 (9.1–13.2)a [19, 20] 

 HIV state > Death [mean (min–max)] 3.0 (0.5–3.7)a [19–22]

 AIDS state > Death [mean] 22.9b [23]

Costs of ART (USD/person-year)

 HIV state [mean (min–max)] 967.9 (533.0–1254.7) [24] 

 AIDS state [mean (min–max)] 3036.1 (2749.2–3323.0) [25, 26] 

Discount [mean (min—max)] 3% (0–10%)

Table 2  Cost-effectiveness of PMTCT of HIV in Liangshan Prefecture, Sichuan province in China

PMTCT​ prevention of mother-to-child transmission, HIV human immunodeficiency virus, ART​ antiretroviral therapy

Items Value

Costs (USD in million)

 PMTCT (HIV test, ART, etc.) 114.1

Effectiveness

 No. of pregnant women preliminary tested for HIV 34,991

 No. of identified HIV + women 663

 No. of HIV + women volunteering to terminate pregnancy 28

 No. pediatric infections averted 164

 Life years gained (person-years) 630.6

 Direct benefits (USD in million) 198.4

 Indirect benefits (USD in million) 82.5

Cost-effectiveness

 Cost per pregnant women preliminary screening tested for HIV (USD) 3.5

 Cost per pregnant women reinspected for HIV (USD) 296.6

 Cost per pediatric infections averted (USD) 6957.9

 Cost utility ratio 1809.5

 Benefit–cost ratio 1.5
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and USD 6.5 million, accounting for 47.5%, 46.8%, and 
5.7%, respectively. For more details, see Fig. 2.

The median costs per HIV-positive pregnant women 
were USD 319.9, of which median meal costs, transpor-
tation costs, costs of infant formula, and hospitalization 
expenses during pregnancy and in labor per HIV-positive 
pregnant women were USD 4.4, USD 4.4, USD 133.3, and 
USD 177.7, respectively.

Cost‑effectiveness
In 2017, the estimated number of pediatric infections 
with HIV from their mothers would have been 221 free 
from any intervention. Under present interventions, the 
estimated number decreased by 57, with 164 averted. 
To avert one infant infection, USD 6957.9 was needed 
on average. LYs gained from pediatric infections averted 
were 630.6 person-years, and the cost per LY gained from 
PMTCT was USD 1809.5, discounted to 2017 at the rate 
of 3% annually. The direct and indirect benefits were USD 
198.4 million and USD 82.5 million, respectively. The 
BCR, total net benefit per cost of PMTCT, was 1.5.

Sensitivity analyses for BCR
Results of the one-way sensitivity analysis showed that 
the costs of PMTCT had the most effect on BCR. If, 
hypothetically, the costs of PMTCT ranged from USD 
85.6 million to USD 142.6 million, the BCR would vary 
from 1.0 to 2.3. Moreover, hypothetically, a varying GDP 
per capita could have a significant impact on BCR, with 

BCR varying from 1.0 to 21.9. The results also showed 
that life expectancy of pediatric infections averted had 
nearly no effect on BCR. For more details, see Fig. 3.

Discussion
The Statistics Review of Liangshan showed that this pre-
fecture’s GDP per capita in 2017 was USD 4542.3 [28], 
which was less than that for Sichuan province’s USD 
6613.2 and Beijing’s USD 19105.1 [29]. The per capita 
disposable income and per capita living expenditure of 
rural residents in Liangshan Prefecture were USD 1690.7 
and USD 1293.6, respectively in 2017 [28]. On condition 
that the per capita disposable income was subtracted by 
per capita living expenditure, only USD 450.4 was left. 
This study found that the average individual cost for 
HIV-positive pregnant women was USD 319.9 which was 
little less than USD 450.4. It was showed in one of pre-
vious studies that HIV-positive pregnant women would 
lose motivation to seek PMTCT services if the individual 
expenses exceeded what she could afford [6]. Accord-
ingly, from this study, it could be recommended that indi-
vidual expenses should be covered as much as possible 
by different types of financing. The financing channels 
for hospitalization expenses could be medical insur-
ance, donate from NGOs and individual, minimum living 
standard security system. Infant formula manufactur-
ers also may be a good financing channels for infant for-
mula. If so, an additional USD 148,108.7 per year should 
be expected and invested to cover all of the personal 

Fig. 2  The costs structure of PMTCT of HIV in Liangshan Prefecture, Sichuan province in China. CD4 CD4 lymphocyte count, EID early infant 
diagnosis, HIV human immunodeficiency virus, VL viral load
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expenses in Liangshan Prefecture, which would further 
reduce the MTCT rate.

To our knowledge, it is the first study that conducts a 
cost-effectiveness analysis of PMTCT of HIV in Liang-
shan Prefecture, where the annual number of HIV-pos-
itive pregnant women have accounted for about 10% of 
the total in China for the past few years. Also, it is the 
first study to incorporate individual expenses for PMTCT 
into a cost-effectiveness analysis of PMTCT of HIV in 
China [12, 13, 30]. This study is critical for an impover-
ished mountainous area like Liangshan Prefecture.

Under the interventions of PMTCT of HIV, 663 preg-
nant women were tested HIV-positive in 2017 in Liang-
shan Prefecture. The average cost for these pregnant 
women and their children was USD 172,109.9. A previous 
study in Ethiopia showed that the average cost per preg-
nant woman-infant pair per year ranged from USD 319 to 
USD 1099 in urban health facilities with high prevalence 
of HIV infection; however, in rural health facilities with 
low prevalence of HIV infection, the costs ranged from 
USD 220 to USD 383 [31]. The reason why cost per preg-
nant woman-infant pair in Liangshan was higher than 
that in Ethiopia could be that HIV prevalence in Ethio-
pia was much higher than in Liangshan. Another study 
in Uganda showed that the average unit cost of Option 
B + services per mother-infant pair was USD 441.9 [32], 
which did not cover infant formula, VL reagent, propa-
ganda expenses, and financial aid, etc. And these differ-
ences suggested that it was important to consider which 

items should be covered by cost of PMCTC in order to 
optimize the allocation of resources. Cost per pediatric 
infections averted in the study was USD 6957.9, which 
was higher than that of USD 3,388.9 in Henan [33], 
USD 409.2 in Xinjiang [34], and lower than that of USD 
18,005 in Yunnan [35], the three provinces in China. In 
the study, the CUR was USD 1809.5 per LY gained, which 
was slightly more than that of USD 1160 in Cape Town, 
South Africa [36]. It must be stated that the health util-
ity index was life year in this study while it was QALY in 
the latter study. The estimates in a previous study showed 
that each LY was valued at around three times the annual 
earnings [37]. The CUR in this study was less than USD 
4542.3 [28], the GDP per capita in Liangshan. According 
to the WHO’s criterion that each healthy life gained at a 
cost less than the GDP per capita is defined as very cost-
effective [14], the PMTCT of HIV in Liangshan Prefec-
ture was also very cost-effective.

This study investigated institutional and individual 
costs and also highlighted the costs, CUR, and BCR, but 
the study had several limitations. The parameters of the 
Markov model were cited from the public data, not sur-
vey data, and so the publication bias was unavoidable. 
Besides, though a complete random sampling method 
would be more appropriate for this study, these women 
were recruited based on the occasional sampling method 
due to the particularity of HIV positive pregnant women 
and the attempts to protect their privacy. Still, the individ-
ual expenses might have some bias. Another shortcoming 

Fig. 3  The effects of changes in variables on the benefit–cost ratio. AIDS acquired immunodeficiency syndrome, ART​ antiretroviral therapy, GDP 
gross domestic product, HIV human immunodeficiency virus, PMTCT​ prevention of mother-to-child transmission
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is that loss of workday income due to hospital visits were 
not included, given the low daily income of Liangshan res-
idents. If so, the individual costs would increase.

Conclusions
The PMTCT of HIV in Liangshan Prefecture was very 
cost-effective. It was a great financial burden of PMTCT 
on HIV-positive pregnant women and their families to 
take individual expenses. And, it could be suggested that 
individual expenses should be covered as much as pos-
sible by different types of financing.
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