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Clinical effect and cost-effectiveness of incorporation of 
point-of-care assays into early infant HIV diagnosis 
programmes in Zimbabwe: a modelling study
Simone C Frank, Jennifer Cohn, Lorna Dunning, Emma Sacks, Rochelle P Walensky, Sushant Mukherjee, Caitlin M Dugdale, Esther Turunga, 
Kenneth A Freedberg, Andrea L Ciaranello

Summary
Background New point-of-care (POC) assays for early infant HIV diagnosis are costlier than conventional total nucleic 
acid assays, but could increase access to testing, shorten time to results, and expedite initiation of antiretroviral 
therapy. We aimed to assess the clinical benefits and cost-effectiveness of incorporating these POC assays into early 
infant diagnosis programmes in Zimbabwe.

Methods We used the Cost Effectiveness of Preventing AIDS Complications (CEPAC)—Pediatric model to examine 
the clinical benefits, costs, and cost-effectiveness of replacing conventional assays for early infant HIV diagnosis 
with POC assays at age 6 weeks in Zimbabwe. We simulated two strategies for early infant HIV diagnosis: conventional 
and POC. Modelled assays differed in sensitivity; specificity; time to, and probability of, return of results; and cost. 
Model outcomes included survival, life expectancy, and mean lifetime per-person treatment cost, which were reported 
separately for all HIV-exposed infants and all infants with HIV. We calculated incremental cost-effectiveness ratios 
with discounted (3% per year) costs and life expectancy from a health-care system perspective for all HIV-exposed 
infants. We judged incremental cost-effectiveness ratios of $1010 (Zimbabwe’s annual gross domestic product 
per person) or less per year of life saved to be cost-effective.

Findings When conventional assays were used for early infant diagnosis, projected undiscounted life expectancy was 
22·7 years for infants with HIV and 62·5 years for all HIV-exposed infants, at a cost of $610 per HIV-exposed infant. 
Use of POC assays for early infant HIV diagnosis improved projected undiscounted life expectancy to 25·5 years 
among infants with HIV and 62·6 years among HIV-exposed infants at a cost of $690 per HIV-exposed infant. At age 
12 weeks, survival among all infants with HIV was 76·1% with the conventional testing strategy and 83·5% with the 
POC testing strategy. The incremental cost-effectiveness ratio of POC assays versus conventional assays for early 
infant diagnosis was $680 per year of life saved. When conventional assay characteristics remained constant, this 
ratio remained under the cost-effectiveness threshold as long as the specificity and sensitivity of the POC assay were 
greater than 92% and 65%, respectively. Our results were robust to plausible variations in POC assay cost, the 
probability of ART initiation, and probability of return of the results of POC testing.

Interpretation Compared with conventional assays, POC assays for early infant HIV diagnosis in Zimbabwe will 
improve survival, extend life expectancy, and be cost-effective for HIV-exposed infants.
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Eunice Kennedy Shriver National Institute of Child Health and Human Development, and Unitaid.
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Introduction
Each year, nearly 1·4 million children are born to 
HIV-infected mothers worldwide.1 Although 76% of 
pregnant women living with HIV now have access to 
antiretroviral therapy (ART) to prevent transmission to 
their infants, 160 000 children acquired HIV in 2016.1,2 
Without treatment, half of all children born with HIV die 
before age 2 years.3 However, only 43% of children with 
HIV received ART in 2016, falling short of UNICEF’s 
global treatment targets.1 One of the greatest challenges 
in the manage ment of paediatric HIV is diagnosis in 
early infancy. Although WHO recommends early infant 
HIV diagnosis testing at age 6 weeks for all HIV-exposed 

infants, less than 50% of these infants undergo such 
testing.4 A primary reason for this gap is that virological 
assays (ie, PCR-based assays) are needed to diagnose HIV 
in infants, and this advanced tech nology is often available 
only at central laboratories. The logistic difficulties of 
trans porting samples to these laboratories and returning 
results to health facilities often leave caregivers waiting 
several months for the results of early infant diagnosis 
tests.5 Nearly half of infants tested never receive their 
results, and only 50–80% of those who test positive and 
receive results are eventually linked to care and ART.6

New point-of-care (POC) early infant HIV testing tech-
nologies are now available.5 If strategically integrated 
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into national early infant diagnosis networks, these POC 
assays could both increase the number of HIV-exposed 
infants who are diagnosed and substantially reduce 
waiting times for results and time to initiation of ART, 
thereby decreasing infant mortality.5 POC assays are 
simpler and faster than laboratory-based assays, and do 
not require extensive training or complex infrastructure. 
However, the clinical effect and cost-effectiveness of 
these novel POC assays for early infant HIV diagnosis 
are largely unknown. An early infant HIV diagnosis 
initiative, launched by Unitaid and the Elizabeth Glaser 
Pediatric AIDS Foundation (EGPAF), has expanded 
access to POC testing in nine African countries.7 We 
used a validated computer model of paediatric HIV 
disease, populated with programme assessment data 
from Zimbabwe, to examine the clinical benefits and 
cost-effectiveness of POC assays for early infant HIV 
diagnosis in Zimbabwe.

Methods
Study design and overview
We used the Cost-Effectiveness of Preventing AIDS 
Complications (CEPAC)—Pediatric model to assess the 
clinical effects, costs, and cost-effectiveness of integration 
of POC assays into early infant HIV diagnosis pro grammes 
in Zimbabwe.8–11 We modelled a population of infants born 
to HIV-infected mothers presenting to early infant HIV 
testing at age 6 weeks, and simulated two testing strategies 
for early infant HIV diagnosis: conventional assays and 
POC assays. Model outcomes included short-term and 
long-term survival, HIV-related health-care costs, and life 
expectancy. To reflect outcomes and resource requirements 

for an entire HIV pro gramme, we projected results for the 
full cohort of HIV-exposed infants (including infants with 
and without HIV). We also assessed clinical outcomes for 
HIV-infected infants specifically. Using HIV-exposed out-
comes, discounted at 3% per year, we calculated the 
incremental cost-effectiveness ratio for the POC strategy 
compared with the conventional strategy in 2016 US$ per 
year of life saved. This ratio is a useful metric for pro-
gramme planners because it is comparable across many 
health programmes.12 On the basis of emerging literature, 
we defined an incremental cost-effectiveness ratio of less 
than Zimbabwe’s 2016 annual gross domestic product 
(GDP) per person (ie, $1010) as cost-effective.13 In one-way 
and multi-way sensitivity analyses, we varied key model 
input data and assumptions, including parameters 
associated with diagnosis, ART initiation, assay character-
istics, and costs for both the conventional and POC 
strategies. Although the base-case analysis focused on the 
Unitaid and the EGPAF project, we included all available 
relevant data for the range of assessed sensitivity analyses 
(appendix p 13).

Model description
The CEPAC–Pediatric model is a validated individual-level, 
state-transition model of paediatric HIV disease, which 
has been expanded to incorporate perinatal HIV trans-
mission and early infant HIV diagnosis.8–11 Infants enter 
the model at birth and are simulated until death. Maternal 
CD4 cell count and ART availability determine the risk of 
mother-to-child HIV transmission during three periods: 
the intrauterine period (a one-time risk), the intrapartum 
period (a one-time risk), and the post-partum period 

Research in context

Evidence before this study
Although WHO recommends HIV testing at age 6 weeks for all 
HIV-exposed infants, less than 50% of these infants worldwide 
have access to early infant HIV testing. New point-of-care (POC) 
assays for early infant HIV diagnosis are costlier than 
conventional total nucleic acid assays, but might increase 
access to diagnostic results, shorten time to return of results, 
and expedite initiation of antiretroviral therapy. Although trials 
and implementation studies have shown operational 
improvements in, and clinical benefits of, POC testing, 
the cost-effectiveness of these novel assays compared with 
conventional assays remains largely unknown. We searched 
PubMed by combining the search terms “point-of-care” and 
“early infant HIV diagnosis” with health economic terms 
(“cost-effectiveness”, “cost benefit”, and “ICER”) for studies 
published in English from inception up to Sept 25, 2018. We did 
not identify any studies in which the cost-effectiveness of POC 
and conventional early infant HIV testing were compared.

Added value of this study
We report the first cost-effectiveness modelling study informed 
by real-world data from a large-scale implementation initiative 

of POC early infant HIV diagnosis in Zimbabwe. We include 
testing costs from the Global Fund to Fight AIDS, Tuberculosis 
and Malaria to reflect real-time price-breakpoint negotiations 
and resource-utilisation data for early infant HIV testing from 
Unitaid and the Elizabeth Glaser Pediatric AIDS Foundation. 
We present novel outcomes, including projected survival over 
time, life expectancy, lifetime per-person costs, 
and cost-effectiveness, for POC testing for early infant HIV 
diagnosis.

Implications of all the available evidence
Incorporation of POC assays into early infant HIV diagnosis 
programmes at age 6 weeks in Zimbabwe will improve survival, 
extend life expectancy, and be cost-effective compared with 
conventional early infant HIV diagnosis. Results were robust 
across a wide range of sensitivity analyses, suggesting that they 
might be largely generalisable to other sub-Saharan African 
countries. Policy makers should incorporate POC assays into 
early infant HIV diagnosis programmes to optimise outcomes 
along the care cascade and thereby improve clinical outcomes 
for infants.

See Online for appendix
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(a monthly risk until breastfeeding cessation, which 
excludes acquisition of HIV outside mother-to-child trans-
mission). All infants face age-stratified monthly risks 
of non-HIV related mortality, and those with HIV face 
additional age-stratified and CD4-stratified risks of 
opportun istic infections, mortality related to opportunistic 
infections, and mortality un related to opportunistic 
infections. Planned early infant HIV diagnosis can occur 
at any time from age 0 months to 24 months.

After HIV infection is confirmed, children have a 
probability of initiating ART. Once on ART, children have 
an initial probability of early virological suppression, 
and children with early virological suppression have a 
monthly risk of treatment failure. Although HIV viral 
load is suppressed by effective ART, CD4% (or total 
CD4 cell count) increases, leading to reduced risk of 
opportunistic infection and mortality. Children engaged 
in care can also be lost to follow-up and then subsequently 
return to care.

Modelled population and early infant diagnosis 
strategies
Because early infant HIV testing is recommended only 
for infants known to be exposed to HIV, we simulated a 
population of infants born to women who were iden-
tified as HIV infected during antenatal care.4 On 
the basis of WHO re commendations and Zimbabwe 
national guide lines and data, we simulated that 93% of 
women who were identified as living with HIV during 
pregnancy received ART during pregnancy and breast-
feeding (WHO option B+).2 Women who breastfed 
(80% of the population) did so for a mean duration of 
18 months (SD 2).

We focused our analysis on early infant HIV diagnosis 
at age 6 weeks to remain consistent with the Unitaid 
and EGPAF pilot project and the structure of most pro-
grammes for early infant HIV diagnosis in sub-Saharan 
Africa.5 For conventional and POC assays, we assigned 
different diagnostic characteristics (sensitivity and 
speci ficity), costs, and early infant HIV diagnosis 
cascade characteristics (ie, probability of return of 
results, time to return of results, and ART initiation 
rate). In the base case, any positive conventional or POC 
result was followed by a second, confirmatory assay of 
the same type and the opportunity for ART initiation if 
the infant was successfully linked to care. We varied the 
probability of ART initiation between the conventional 
and POC strategies on the basis of pre-pilot and post-
pilot study data from the Unitaid and EGPAF project.5 
For those who began treatment, ART was stopped if the 
con firmatory assay and a third conventional assay (all 
sent before ART initiation) were negative. For infants 
missed by early infant HIV testing or who were infected 
after age 6 weeks, HIV infection was assumed to be 
diagnosed at presentation to care later with a WHO 
stage 3 or 4 opportunistic infection or at an 18-month 
clinic visit.

Data sources
We derived the risk of mother-to-child HIV transmission 
from clinical trials and cohort studies in Africa.9–11 
Mortality data for HIV-exposed but uninfected infants 
were from pooled UNAIDS analyses. Because detailed 
clinical data about HIV progression in infants taking ART 
and those not taking ART were unavailable for Zimbabwe, 
we used clinical data inputs calibrated to other southern 

Value Data sources*

Cohort characteristics

Mean age, months 0 (0) Assumption

Sex

Female 51·2% Francke et al (2016)10

Male 48·8% Francke et al (2016)10

Mothers with ≤350 CD4 cells per µL before ART 36% Francke et al (2016)10

Mothers receiving ART during pregnancy and breastfeeding 93% UNAIDS (2017)2

Proportion of all mother–infant pairs who breastfed 80% Assumption

Mean duration of breastfeeding, months (SD) 18 (2) Zimbabwe National 
Statistics Agency (2015)14

EID cascade parameters

EID uptake 100% Modelled population

Probability of receiving test results Bianchi et al (2018)5

Conventional EID 80·0% ··

Point-of-care EID 99·0% ··

Mean delay between primary test and receipt of results, 
months

Bianchi et al (2018)5

Conventional EID 2 (0) ··

Point-of-care EID 0 (0) ··

Delay between confirmatory test and receipt of results, 
months

Bianchi et al (2018)5

Conventional EID 0 (1) ··

Point-of-care EID 0 (0) ··

Probability of linking to care or ART among people tested Bianchi et al (2018)5

Conventional EID 51·9% ··

Point-of-care EID 98·5% ··

Conventional assay characteristics

Sensitivity

Intrauterine infection (all ages) 100% Mallampati et al (2017)15

Intrapartum infection (month 1) 0% Mallampati et al (2017)15

Intrapartum infection (after month 1) 100% Mallampati et al (2017)15

Post-partum infection (month of infection) 0% Mallampati et al (2017)15

Post-partum infection (after month of infection) 100% Mallampati et al (2017)15

Specificity (all ages) 99·6% Mallampati et al (2017)15

Error rate† 1·4% Creek et al (2008)17

Point-of-care assay characteristics

Sensitivity

Intrauterine infection (all ages) 96·9% ··

Intrapartum infection (month 1) 0% ··

Intrapartum infection (after month 1) 96·9% ··

Post-partum infection (month of infection) 0% Hsiao et al (2016)16

Post-partum infection (after month of infection) 96·9% Hsiao et al (2016)16

Specificity (all ages) 100% ··

Error rate† 6·0% ··

(Table 1 continues on next page)
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African settings (references are provided in the appendix). 
For children aged 0–13 years, we used International 
epidemiology Databases to Evaluate AIDS data for east 
Africa to derive the rates of decline in CD4% and CD4 cell 
count, opportunistic infections, and death. After age 
13 years, we used data from the Cape Town AIDS Cohort 
to derive these event risks. For children who began to take 
ART, we derived the frequency of RNA suppression at 
24 weeks and 48 weeks, CD4% gains on suppressive ART, 
and risk of late virological failure after early suppression 
from the P1060 trial. CEPAC outcomes were calibrated to 
the longest-term data avilable for the empirical risk of 
opportunistic infection and survival from various trials 
and cohort studies for children and adults taking and not 
taking ART (appendix p 4).

On the basis of WHO systematic reviews,4,15 published 
data,16,17 and Unitaid and EGPAF pilot study data from 
eight countries, we assigned conventional assay 
character istics (sensitivity 100%, specificity 99·6%, 
error rate 1·4%, time to return of results 2 months, 
probability of return of results 80·0%, frequency of ART 
initiation among those with samples drawn 51·9%) 
and POC assay characteristics (sensitivity 96·9%, 

specificity 100%, error rate 6·0%, time to return of results 
immediate, probability of return of results 99·0%, frequ-
ency of ART initiation among those with samples drawn 
98·5%; table 1; appendix p 13).5,15,16,19 Test errors (ie, user 
error or operational error) led to an inconclusive test 
result and additional costs for a repeat test, but did not 
affect return of results. Although lower probability of 
return of results and longer time to return of results 
compared with our base-case values have been reported 
for some conventional early infant diagnosis 
programmes, we modelled the conventional strategy in 
this analysis to be conservative with regard to the benefit 
of POC testing, and chose to use publicly available (as of 
July, 2018) Unitaid and EGPAF data.5

Test costs for conventional ($24·18) and POC ($27·61) 
assays were from the Global Fund to Fight AIDS, 
Tuberculosis and Malaria’s estimates of total cost of 
ownership.19 These estimates include the costs of reagents, 
controls, and other consumables, and apportioned costs of 
equipment, logistics, training, service, and maintenance. 
We derived HIV care costs from Zimbabwean HIV treat-
ment facilities, as reported in Zimbabwe’s 2012 National 
AIDS Spending Assessment.18 These costs included clin-
ical care, laboratory monitoring, and prophylaxis for 
opportun istic infections. Costs for ART regimens and 
measure ment of CD4 cell count and viral loads were 
from the Global Fund and the Clinton Health Access 
Initiative.19–21 All costs were converted to 2016 US$.

Scenario and sensitivity analyses
In one-way sensitivity analyses, we varied the probability 
of return of results, the time to return of results, and the 
likelihood of ART initiation to reflect setting-specific 
availability of paediatric ART services and patient-level 
and caregiver-level behaviour. We also assessed con-
ventional and POC assay characteristics with wide ranges 
of sensitivity, specificity, and assay costs. Additionally, we 
varied parameters that apply equally to both strategies, 
including the risks of mother-to-child HIV transmission 
for women taking and not taking ART, duration of 
breastfeeding, and coverage of antiretroviral drugs for 
prevention of mother-to-child transmission. In multi-
way sensitivity analyses, we simultaneously varied clin-
ically relevant parameters that have prompted the most 
concern about successful field implementation of POC 
assays for early infant HIV diagnosis (ie, probability of, 
and time to, return of results with conventional assays 
and sensitivity of POC assays).4 Data from other countries 
in the Unitaid and EGPAF project informed plausible 
parameter ranges for all sensitivity analyses.7

In four scenario analyses, we examined optimistic, 
intermediate, and pessimistic conditions of uptake along 
the early infant HIV diagnosis cascade for both the con-
ventional and POC strategies; a prioritised POC testing 
strategy in which infants of women with HIV who did 
not receive ART during pregnancy received POC testing 
whereas all others were tested by con ventional means; 

Value Data sources*

(Continued from previous page)

Costs

HIV care per month (range by age, CD4%, and CD4 cell 
count)

$32·75–33·69 Mabugu (2012)18

CD4 test $4·79 Global Fund (2017)19

Viral load test $17·50 Global Fund (2017)19

ART regimen per month (range by regimen, dose, and age 
and weight of infant)

$8·50–44·00 Doherty et al (2014),20 
Clinton Health Access 
Initiative (2016)21

Conventional assay $24·18 
(1·4% error rate*)

Global Fund (2017),19 
Creek et al (2008)17

Point-of-care assay $27·61 
(6·0% error rate*)

Hsiao et al (2016),16 
Creek et al (2008)17

Data are mean (SD), %, or cost in 2016 US$. ART=antiretroviral therapy. EID=early infant diagnosis. Global Fund=Global 
Fund to Fight AIDS, Tuberculosis and Malaria. *Here we cite previous Cost Effectiveness of Preventing AIDS 
Complications papers in which the same primary data sources were used; full primary data sources are listed in the 
appendix (p 13). †Errors during point-of-care testing (eg, because of platform malfunctions, human error) lead to an 
inconclusive test result and repeat testing, but do not affect return of results.

Table 1: Selected input parameters for a model-based analysis of point-of-care EID versus conventional 
EID in Zimbabwe

Infants with HIV HIV-exposed infants

1-year 
survival

Life expectancy 
(undiscounted)

Lifetime 
costs 
per person 
(2016 US$)

1-year 
survival

Life expectancy 
(undiscounted)

Lifetime 
costs 
per person 
(2016 US$)

Conventional early 
infant diagnosis

69·0% 22·7 years $11 830 93·1% 62·5 years $610

Point-of-care early 
infant diagnosis

78·0% 25·5 years $13 460 93·4% 62·6 years $690

Table 2: Economic and clinical outcomes for a model-based analysis of point-of-care early infant 
diagnosis vs conventional early infant diagnosis in Zimbabwe
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poorer ART outcomes after POC testing; and poorer ART 
outcomes after both POC and conventional testing 
(appendix p 10).

Role of the funding source
The funders of the study had no role in study design, 
data collection, data analysis, data interpretation, or 
writing of the report. The corresponding author had full 
access to all the data in the study and had final 
responsibility for the decision to submit for publication.

Results
In the base-case analysis, we projected a total mother-to-
child transmission risk of 5·2% for the entire HIV-
exposed cohort (1·4% of infants acquired HIV in utero, 
1·0% acquired HIV in the intrapartum period, and 
2·8% acquired HIV post partum). Thus, 94·8% of 
HIV-exposed infants were not infected. The clinical effect 
of POC testing for the entire HIV-exposed cohort was 
small, with the proportion of infants surviving to 1 year 
increasing from 93·1% with conventional testing to 
93·4% with POC testing, and projected undiscounted life 
expectancy increasing from 62·5 years with con ventional 
testing to 62·6 years with POC testing (table 2). For 
infants with HIV, the proportion of infants surviving to 
1 year was 78·0% with POC testing and 69·0% with 
conventional testing, and un discounted life expectancy 
was 25·5 years with POC testing and 22·7 years with 
conventional testing (table 2). At age 12 weeks, survival 
among all infants with HIV was 76·1% with the 
conventional testing strategy and 83·5% with the POC 
testing strategy; survival with conventional testing varied 
by time to return of results (figure 1).

Conventional testing was associated with lower pro-
jected HIV-related health-care costs than POC testing in 
the HIV-exposed cohort (lifetime cost per HIV-exposed 
infant $610 vs $690; table 2). Lifetime costs in the HIV-
infected cohort were also higher with POC testing than 
with conventional testing ($13 460 vs $11 830), reflecting 
improved access to ART and longer survival while 
receiving care and ART (table 2).

In HIV-exposed infants, the incremental cost-
effectiveness ratio of POC testing compared with con-
ventional testing was $680 per year of life saved (roughly 
67% of Zimbabwe’s annual GDP per person; table 3). In 
sensitivity analysis, the incremental cost-effectiveness 
ratio of POC testing compared with conventional testing 
exceeded $1010 per year of life saved if HIV-related 
health-care costs doubled across both strategies or if 
ART costs tripled across both strategies (figure 2). The 
cost-effectiveness of POC testing remained robust 
(ie, incremental cost-effectiveness ratio <$1010 per year 
of life saved) throughout plausible variations in 
parameters such as assay sensitivity, specificity, and 
cost, and variations along the POC cascade (figure 2). 
When ranged to extreme values, POC early infant HIV 
testing was no longer cost-effective if the assay cost 

exceeded $60, if less than 50% of infants undergoing 
testing received test results, if assay sensitivity was less 
than 65%, if assay specificity was less than 92%, or if 
less than 45% of infants initiated ART after receiving 
positive results. By contrast, the incremental cost-
effectiveness ratio of POC testing compared with con-
ventional testing remained less than $1010 per year of 
life saved despite plausible variations in parameters 
applied to both strategies (breastfeeding duration and 
practices, coverage of antiretroviral drugs for prevention 
of mother-to-child HIV trans mission, presentation for 
early infant HIV testing [50–100%], and conventional 
assay sensitivity [70–100%], specificity [90–100%], and 
cost [$1–10]). Longer time to, and lower probability of, 
return of results with conventional testing did not 
change policy conclusions (appendix p 23).

In multi-way sensitivity analysis, even if the probability 
of the return of results of conventional testing was 90% 
(compared with 80% in the base-case scenario), POC tests 
with sensitivity of greater than 65% remained cost-effective 
in the HIV-exposed cohort (figure 3A). Furthermore, based 
on the lowest PCR-based POC sensitivity point estimate 

Figure 1: Early survival of infants with HIV diagnosed by conventional or POC testing at age 6 weeks in 
Zimbabwe
The timepoints at which infants receive their test results and initiate antiretroviral therapy are indicated by the 
black arrows for each scenario. POC=point-of-care.
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Conventional assay (1 month to results)
Conventional assay (2 months to results, base case)
Conventional assay (3 months to results)

Life expectancy for 
HIV-exposed infants 
(discounted)

Lifetime costs per 
HIV-exposed infant 
(2016 US$ discounted)

Incremental cost-effectiveness 
ratio (2016 US$ per year of life 
saved)

Conventional early 
infant diagnosis

25·7 years $370 Comparator

Point-of-care early 
infant diagnosis

25·8 years $420 $680

Table 3: Cost-effectiveness outcomes for a model-based analysis of point-of-care early infant diagnosis 
vs conventional early infant diagnosis in Zimbabwe
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reported in published work (93·3%),21 POC testing 
remained cost-effective even if the probability of return of 
results of conventional testing improved to 100%. If time 
to return of conventional testing results was shortened to 
1 month, POC testing remained cost-effective as long as 
the sensitivity of the POC assay exceeded 75% (figure 3B).

In a modelled scenario, POC testing led to greater life 
expectancy than conventional testing under each of the 
optimistic, intermediate, and pessimistic conditions 
of uptake along the early infant diagnosis cascade 
(appendix p 24). POC testing was also cost-effective 
compared with con ventional testing in seven of 
nine combinations of conditions (table 4). POC testing 
remained cost-effective in the three other scenarios 
modelled (appendix p 24).

Discussion
In this model-based analysis, incorporation of POC 
assays into early infant diagnosis programmes at age 
6 weeks in Zimbabwe substantially improved survival 
and life expectancy among HIV-infected infants, and was 
cost-effective for all HIV-exposed infants, compared with 
conventional testing. Our work had four main findings. 
First, the operational characteristics of POC testing—ie, 
improved time to return of results, increased likelihood 
of return of results, and increased initiation of ART—
resulted in substantially improved short-term survival 
for HIV-infected infants compared with conventional 
testing. This benefit extended to long-term survival, with 
an increase in projected life expectancy of 2·8 years 
among HIV-infected infants who underwent POC testing 
compared with those who underwent conventional 
testing.24 POC testing was more costly than conventional 
testing (lifetime costs were $80 more per HIV-exposed 
infant), because of the greater numbers of children in 
care and on ART, and the longer life expectancies during 

which care and ART costs were accrued. Despite these 
slightly higher costs, POC early infant HIV testing was a 
cost-effective intervention by international standards for 
Zimbabwe, with an incremental cost-effectiveness ratio 
of $680 per year of life saved, well below the country’s 
annual GDP per person.

Second, a key driver of the benefit of POC early infant 
HIV testing is reduced time to return of results, which 
can be as high as 3 or 4 months in conventional early 
infant HIV testing settings.7 Reduced time to return of 
results increased the proportion of infants who received 
results and were linked to HIV care, and substantially 
decreased mortality in the early months of life. In settings 
with longer delays in time to return of results for 
conventional testing, POC testing was associated with an 
even greater reduction in early mortality. Although trials 
and implementation studies of the clinical effects of POC 
testing for early infant HIV diagnosis have not yet 
generated data for long-term survival outcomes, the 
association between shorter time to return of results with 
POC testing and increased ART initiation remains con-
sistent across studies throughout sub-Saharan Africa.5,25,26 
In our model-based analysis with a time to return of 
results of 1 month with conventional testing—a threshold 
that has been difficult to reach in most settings—POC 
testing was associated with decreased mortality even at 
lower-than-reported probabilities of return of results and 
ART initiation.7 This finding suggests that timely return 
of test results is one of the predominant mechanisms by 
which early infant HIV dia gnosis programmes avert 
early infant mortality.

Third, there have been concerns that POC assays have 
low sensitivity compared with conventional assays.4 
Assign ment of the lowest reported values for the 
sensitivity of PCR-based POC assays did not change our 
model-projected policy conclusions. Although 
reductions in POC assay sensitivity lead to small 
increases in false negative results and missed diagnoses, 
these out comes should be balanced against the missed 
diagnoses due to suboptimal return of results of 
conventional testing. In our analysis, large improvements 
in both the probability of, and the time to, return of 
results of conventional assays were needed to offset the 
slightly lower sensitivity of the POC assay. A systematic 
review of POC CD4 cell count measurement in Africa 
had similar findings: improvements in retention of 
patients along the testing and treatment cascade for 
POC CD4 cell count measure ments outweighed the 
superior sample processing, quality control, and 
technical characteristics of laboratory-based CD4 cell 
count measurement.27 In our analysis, the POC assay for 
early infant HIV diagnosis needs to have a sensitivity of 
less than 65% to make conventional testing the preferred 
strategy, whereas reported sensitivities for PCR-based 
POC assays such as RDx mPima (Abbott, Lake Forest, 
IL, USA) and GeneXpert (Cepheid, Sunnyvale, CA, 
USA) range from 93·3% to 98·5%.23,28

Figure 2: Tornado diagram of key parameters and thresholds that affect the cost-effectiveness of POC early 
infant HIV diagnosis compared with conventional early infant HIV diagnosis
Parameters were varied in one-way model sensitivity analyses. Values in parentheses show the base-case values 
and the range examined (from the value leading to the lowest ICER to that leading to the highest ICER). The range 
of ICERs for each varied parameter is shown by the blue horizontal bars; longer bars show parameters to which 
model results were more sensitive. The darker vertical line shows the ICER for all base-case parameters (ie, $680 
per year of life saved), whereas the lighter vertical line shows Zimbabwe’s 2016 annual gross domestic product per 
person (ie, $1010), which is the cost-effectiveness threshold. POC=point-of-care. ICER=incremental 
cost-effectiveness ratio. ART=antiretroviral therapy.
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Fourth, POC testing for early infant HIV diagnosis 
remained cost-effective under a range of assumptions, 
despite plausible variations in breastfeeding practices, 
coverage of antiretroviral drugs for prevention of mother-
to-child transmission of HIV, and improvements in the 
conventional testing cascade. These findings are con-
sistent with those of studies of the cost-effectiveness of 
other POC technologies, such as POC CD4 cell count 
measurement and viral load assays.29–33 Studies in sub-
Saharan Africa showed that POC CD4 cell count 
measurement and monitoring of viral loads were cost-
effective compared with laboratory-based testing and 
monitoring in adults despite wide variations in cost, 
sensitivity, specificity, and care cascade character-
istics.29,30,32,33 However, if the total cost of ownership of 
POC testing increased from the base-case value of 
$28 per test to $60 per test, POC testing was no longer 
the preferred strategy. Total cost of ownership reflects 
potential fluctuations in throughput or increased service 
and maintenance costs that could be associated with 
service delivery in rural or low-serviced settings. A cost of 
$60 per test has been reported for RDx mPima when 
throughput is reduced to less than 0·5 tests per day.7 
Mean daily use of POC machines for early infant HIV 
testing in the Unitaid and EGPAF project in Zimbabwe 
is 1·51 tests per day.7 Only 5% of sites for POC testing in 
Zimbabwe do fewer than 0·5 tests per day.7 However, this 
threshold might not be relevant for other countries. Our 
analysis assumes replacement of available conventional 
testing with POC testing, but we do not examine the 
most efficient placement of a limited number of POC 
testing machines. There are probably several ways to 
implement POC early infant HIV testing that do not 
require one machine at every site. In Zimbabwe, 
the Unitaid and EGPAF project has successfully 
implemented a hub-and-spoke model, in which samples 
are sent from spoke sites to central hub sites with 
POC machines for processing. Additionally, if POC 
machines could be used for additional purposes, such as 
tuberculosis diagnosis or monitoring of viral loads, that 
would lead to substantial changes in use, costs, and 
clinical benefit.

Our analysis has several limitations. Although modelling 
is a useful tool for projection of future outcomes in the 
absence of long-term empirical data, changes in treatment 
availability, clinical care, and health-care costs are likely to 
occur over infants’ lifetimes, and long-term model-based 
projections for children are uncertain. We addressed this 
uncertainty by calibrating our model to ensure that results 
matched data for survival, risk of mother-to-child HIV 
transmission, and opportunistic infections9 and then 
varying factors and policies likely to change over time, 
such as coverage of antiretroviral drugs for prevention of 
mother-to-child transmission, ART availability, frequency 
of monitoring of CD4 cell counts and viral loads, and costs. 
Except when noted, plausible changes in these parameters 
did not change our policy conclusions. Our base-case 

analysis simulated a population of HIV-exposed infants 
under going early infant HIV testing (100% uptake) for 
both the POC and conventional strategies to describe the 
full potential of these programmes. Thus we have over-

Figure 3: Effect of varying the sensitivity of the POC assay and the probability of return of results with the 
conventional assay for early infant HIV diagnosis on the ICER
(A) Time to return of results of 2 months with the conventional assay and (B) time to return of results of 1 month 
with the conventional assay. In each panel, the black square marks the base-case value and the solid black arrows 
show the range of reported POC assay sensitivities (the lowest reported value, 71·9%, is from a p24 antigen POC 
assay;22 all reported POC PCR assay sensitivities are >93%, and are represented as the black lines on the solid black 
arrow).23 The dashed black arrows show the range of reported probabilities of return of results with conventional 
assays. Green cells indicate that the ICER for POC assays vs conventional assays for early infant HIV diagnosis is less 
than 100% of Zimbabwe’s annual GDP per person (ie, is cost-effective), whereas yellow cells indicate that the ICER 
exceeds that threshold. Green cells indicate that POC assays are the preferred strategy, whereas yellow, orange, 
and red cells indicate that conventional assays are the preferred strategy. POC=point-of-care. ICER=incremental 
cost-effectiveness ratio. GDP=gross domestic product.
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estimated the clinical benefit of both modelled strategies, 
especially conventional testing, for which low uptake has 
been widely reported throughout sub-Saharan Africa.6 We 
addressed this issue through a scenario analysis, in which 
we assessed each strategy with the highest and lowest 
values reported in published literature for steps along the 
early infant HIV diagnosis cascade and for conventional 
and POC assay char acteristics. Although the model 
included costing inputs for conventional and POC testing 
drawn from the Global Fund’s total cost of ownership, 
these estimates do not include health worker costs and 
infrastructure upgrades that might be needed for 
centralised laboratories or health facilities. A detailed 
costing analysis of the POC early infant HIV diagnosis 
programme in Zimbabwe, which will add to the total cost 
of ownership estimates by refining logistics and training 
costs and including costs for site monitoring, quality 
assurance, and sample transport, is underway. Data for 
comprehensive costs of POC testing in other settings are 
also crucial. In the absence of such data, we have 
done extensive sensitivity analyses and identified cost 
thresholds above which POC testing would no longer be 
cost-effective.

Overall, our results were robust across a wide range of 
sensitivity and scenario analyses, suggesting that they 
might be largely generalisable to other sub-Saharan 
African countries, except those where early infant HIV 
testing is sparse. Ensuring the timely return of results of 
early infant HIV tests and increasing the proportion of 
infants who receive results are of crucial importance to 
prevent infant mortality in the early months of life. Policy 
makers should incorporate POC assays into early infant 
HIV diagnosis programmes to optimise outcomes along 
the care cascade and thereby improve clinical outcomes 
for in fants undergoing HIV testing at 6 weeks of age.
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