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Abstract
Introduction: Maternal viral load monitoring (mVL) and early infant diagnosis (EID) are necessary to achieve elimination of
mother-to-child transmission of HIV. Point-of-care testing can achieve better outcomes compared to centralized laboratory
testing (CLT). We describe the first implementation of point-of-care (POC) mVL and EID testing around delivery at four high
volume tertiary obstetric units (TOUs) in Gauteng, South Africa.
Methods: Prospective study of pregnant women living with HIV (WLHIV) and their infants. During the period 1 June 2018 to
31 March 2019, routine staff collected blood specimens from women and their infants around delivery. Specimen collection
occurred throughout the week while dedicated POC operators, conducted testing during working hours on weekdays. Descrip-
tive statistics and multivariable Poisson regression with robust error variance were used to describe outcomes and associated
factors. Outcomes determined were (i) coverage of mVL and EID testing defined as a proportion of live births to WLHIV
admitted at each facility (ii) results returned prior to discharge (iii) turn-around time (TAT) and iv) performance of POC testing
compared to CLT.
Results: In total, 8147 live births to pregnant WLHIV were recorded in the implementation period. Of these, 2912 mVL and
5074 EID specimens were included in the analysis, with 131 (4.5%) mVL and 715 (14.1%) EID specimens having initial invalid/
error results. Overall coverage of POC mVL and EID testing was 35.6% (range 20.9% to 60.1%) and 61.9% (range 47.0% to
88.0%) respectively. Proportions of POC tested mothers and infants with results returned prior to discharge were 74.3%
(range 39.0% to 95.7%) and 73.0% (range 50.0 to 97.9%). Return of results was independently associated with TOU, after-
hours specimen collection, having an initial invalid or error result and period of implementation. Overall TAT for specimens col-
lected from mother-infant pairs where both had POC testing, during weekdays was longer for EID compared to mVL testing
(median 3.3 hours vs. 2.9 hours, p-value sign test <0.001). POC results were comparable to those from laboratory testing.
Conclusion: Accurate and timely POC mVL and EID testing around delivery was implemented with variable success across
TOUs. Further scale up would need to address health system factors at facility level and high analytical error rates.
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1 | INTRODUCTION

The prevention of mother-to-child transmission (PMTCT) of
HIV has been one of the most successful public health inter-
ventions in South Africa. The proportion of pregnant women
living with HIV (WLHIV) who knew their HIV status at ante-
natal booking had exceeded 95%, with more than 95% of

pregnant WLHIV on antiretroviral therapy (ART) prior to
delivery by end of 2017 [1]. The intra-uterine and intra-
partum transmission rates decreased from >20% in 2003 [2],
to 1.5% in 2017 [3]. However, this progress is insufficient to
meet the targets for elimination of mother-to-child transmis-
sion of HIV (eMTCT).While the World Health Organisa-
tion (WHO) set the 2020 bronze tier target for elimination
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in high HIV prevalence settings at <750 new paediatric HIV
infections per 100,000 live-births, an estimated >1000
infants per 100,000 live births are infected each year in
South Africa [4,5].
Achieving maximum viral suppression throughout preg-

nancy and post-partum periods is necessary to meet global
elimination targets. Maternal viraemia at delivery has been
associated with HIV transmission from mother to child [6].
South Africa delivers antenatal care through 4300 facilities
nationally with access to centralized laboratory HIV viral
load and early infant diagnosis (EID) testing. (National
Department of Health, DHIS 2016) Measuring maternal viral
loads (mVL) around the time of delivery may help identify
mothers at risk of transmission and allow identification of
infants eligible for high-risk prophylaxis to further reduce
risk of post-natal transmission [6,7]. Universal birth testing
of HIV-exposed neonates by point-of-care (POC) EID testing
allows result return before discharge with immediate identifi-
cation of in utero-infected neonates at risk of rapid disease
progression, for early ART initiation. Additionally, result
return to the majority of HIV-uninfected neonates maybe
quicker and simplified in comparison to centralized labora-
tory testing (CLT).
POC VL testing improves turn-around time (TATs) and

retention in care among adults on ART [8], while POC EID
testing reduces TATs and time to ART initiation in infants [9-
14]. Both have potential to reduce morbidity and mortality
among pregnant WLHIV and their infants. Two POC VL and
two POC EID assays have been prequalified by WHO. Cep-
heid’s Xpert HIV-1 quantitative and HIV-1 qualitative assay
(Cepheid, Sunnyvale, CA, USA) [15,16], as well as Abbott’s m-
Pima HIV-1/2 VL and q-HIV-1/2 Detect (Abbott, Chicago, IL,
USA) [17,18], had comparable performance to standardized
laboratory assays in multiple settings [9,12,19-21]. However,
there is limited data on routine scale up POC testing for
WLHIV and their infants.
Most women (96%) in South Africa deliver in approximately

700 obstetric units nationally [22], representing potential focal
points for POC testing. We describe implementation of POC
VL and EID testing around the time of delivery at four ter-
tiary obstetric units (TOUs) in Gauteng Province, South Africa.
We determine outcomes of POC testing implementation with
respect to coverage, result return before discharge, TATs and
performance compared to CLT. We hypothesized that TAT for
both mVL and EID POC testing would be shorter compared
to CLT, resulting in greater proportions of WLHIV and infants
with results returned before discharge. We also hypothesized
that the performance of POC testing would be comparable to
that of CLT.

2 | METHODS

2.1 | Setting

This implementation study was conducted at four high vol-
ume TOUs in Gauteng during the period 1 June 2018 to 31
March 2019. The TOUs were located in Johannesburg
Regions B, D, F, and in Tshwane district. All had average
monthly total number of live births of 520 to 1650 in the
preceding year, of which 119 to 353 were to pregnant
WLHIV and delivered pregnant women referred from lower

level obstetric units in their catchment areas. During imple-
mentation, routine VL testing around the time of delivery
was a newly introduced practice while EID testing at birth
for all HIV-exposed infants had been established practice
since 2015.

2.2 | Design and population

Prospective study of pregnant or early post-partum WLHIV
admitted to labour or post-delivery wards and their new-born
infants until return of results or discharge.

2.3 | Procedures

2.3.1 | Specimen collection

All WLHIV admitted to labour or postnatal wards at the
four TOUs during the study period were offered POC VL
and or birth PCR testing by routine staff. To be eligible for
enrolment and specimen collection for the study, WLHIV and
or their infants had to be admitted in labour or postnatal
wards and be willing to provide verbal consent. For both
WLHIV and infants, two specimens were collected – one for
POC and the other for CLT. Specimens were collected by
doctors and nurses as part of their routine duties. Non-
study patients could access HIV EID and VL POC testing
where clinically indicated and these were labelled “miscella-
neous.”

2.3.2 | POC testing

POC testing was conducted by a dedicated POC operator
working in a designated POC testing room. While specimen
collection took place throughout the week including weekends
and after-hours at all but one TOU (Johannesburg Region B),
testing took place during working hours – 08:00 to 16:00 –
on weekdays only. During the first three months of implemen-
tation, all specimens collected were processed and tested
while afterwards only weekday specimens and those weekend
specimens which had a reasonable probability of results being
returned were tested. At two of the busier TOUs (Johannes-
burg region B and D), two dedicated counsellors hired
through the study assisted with return of results and post-test
counselling before discharge.
For POC VL testing, XpertTM HIV-1 VL was used while POC

EID testing was conducted using either the XpertTM HIV-1
Qual or the m-PIMA HIV-1/2 Detect assays. Upon receiving
appropriate samples, POC operators entered specimen details
into the instruments’ information management system and
tested the specimens according to manufacturers’ specifica-
tions and sample volumes. Mothers and infants whose results
were reported as error, invalid or no result had the test
repeated on the same sample and if there was still no conclu-
sive result, a second sample was collected as soon as possible
after the result. Infants with a positive POC EID result were
repeat tested on the same assay using the same sample to
ensure reproducibility, and a second sample was requested for
confirmatory testing on the alternate EID assay. Additional
information on specimen collection, testing procedures and
quality assurance are provided in Supplementary Document
SD1.
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2.3.3 | Return of results

POC operators printed results and gave them to TOU staff or
counsellors for post-test counselling. High maternal VL and
positive EID results were automatically sent to the clinicians
responsible for routine care by SMS for action. WLHIV who

had high VLs were prescribed enhanced adherence coun-
selling and repeat VL after three months while their EID neg-
ative infants were offered high-risk prophylaxis, consisting of
either (i) daily zidovudine (AZT) and nevirapine (NVP) for six
weeks OR (ii) daily NVP for 12 weeks. Virally suppressed
(VL < 1000 copies/mL) WLHIV were counselled on

Table 1. Description of outcomes and data analysis techniques

Outcome POC test Definition Data analysis methods

Coverage of testing a) VL Number of WLHIV who had a POC VL test

done as % of live births to WLHIV during

implementation period (Minimum coverage).

Maximum coveragea

Coverage was measured on the number of

unique WLHIV regardless of the number of

tests done on each woman.

Proportions determined overall and across

TOUs categories.

b) EID Number of HIV-exposed infants who had POC

EID test done as % of live births to WLHIV

during the implementation period (Minimum

coverage).

Maximum coveragea

Coverage was measured on the number of

unique HIV-exposed infants regardless of

number of tests done on each infant.

Proportions were determined overall and

across TOUs.

Results return

before discharge

a) VL % of WLHIV tested and had their POC results

returned before discharge.

Minimum % results returned were calculated

using the number of live births to WLHIV

during implementation period as denominator.

Maximum % results returneda

Results return was measured on the number of

unique WLHIV or HIV-exposed infants

regardless of the number of tests done on

each woman.

Proportions determined overall and across

categories. v2 tests used to compare

differences across categories. Multi-variable

Poisson regression with robust error variance

was used to determine sample and TOU-level

factors associated with return of results. All

available variables were included in models a

priori. ROC curves were used to test for

significance difference between models with

interaction terms and those without.

b) EID % of infants tested who had their POC results

returned before discharge.

Minimum % results returned were calculated

using the number of live births to WLHIV

during implementation period as denominator.

Maximum % results returneda

Turn-around time (TAT) VL and EID Duration of time from specimen collection to

return of results.

This was measured on all specimens tested,

resulted and returned to WLHIV or HIV-

exposed infants.

Medians and interquartile ranges overall and

across categories. K-test for equality of

medians used to determine differences across

categories. These were calculated for

specimens with a documented return of

result. The sign-test was used to compare the

population level median TAT for POC VL

testing versus POC EID testing for mothers-

infant pairs who both had POC testing.

Agreement between POC

results and laboratory results

a) VL Limits of agreement between POC VL results

and centralized laboratory VL results.

Agreement beyond chance for VL results below

limit of detection, VL > 50 copies/mL,

VL > 1000 copies/mL

Bland-Altman analysis.

Kappa Statistic, sensitivity and specificity of

POC testing compared to CLT

b) EID Agreement beyond chance for positive or

negative EID results

Kappa Statistic, sensitivity and specificity of

POC testing compared to CLT

EID, early infant diagnosis; mVL, maternal HIV viral load; POC, point-of-care test.
aThe outcomes of “maximum coverage of testing” and “maximum % results returned”, were calculated by excluding live births to WLHIV delivered
during weekends or on public holidays.
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maintaining viral suppression and their EID negative infants
offered low-risk prophylaxis. All mothers of EID negative
infants were counselled about further testing at 10 weeks of
age. WLHIV with EID positive infants at birth were counselled
and referred to the paediatrics department for ART initiation
after a second sample drawn for confirmatory POC EID and
CLT.

2.4 | Data entry and management

Five different data sources were used to collect data required
for the analyses of outcomes. These were (i) specimen request
forms, (ii) POC instrument information system (iii) POC
results slip (iv) centralized laboratory information system and
(v) District Health information system monthly reports.
Table S2 describes these data sources and how they were
used. Sources (i) (iv) provided data which were captured into
a study-specific REDCap� database. A data coordinator
checked completeness of data entries and supported POC
operators with collecting good quality data.

2.5 | Outcomes and analyses

At the end of implementation, data captured in REDCap�

were exported into Stata� 14.2 for data cleaning and analysis.
WLHIV or infants whose indications for testing were marked
as “miscellaneous” were excluded from analysis as were EQA
specimens. Descriptive statistics were used to describe the
distribution of mVL and EID testing overall and across TOUs.
Table 1 shows the four main outcomes were defined and anal-
ysed. Poisson regression with robust error variance was used
to determine factors associated with return of results. Addi-
tional information on sensitivity analyses and multivariable
models are included in Supplementary Document SD1.

2.6 | Ethical considerations

The protocol for this implementation study was approved by
the University of the Witwatersrand Human Subjects
Research Ethics Committee (M1711115) and the University
of Pretoria Research Ethics Committee (50/2018). Approvals
were also obtained from the national and provincial Depart-
ments of Health as well as from the management at the ter-
tiary hospitals where the obstetric units are situated. Verbal
consent to perform POC testing was obtained from admitted
women. Written informed consent for research purposes was
waived to facilitate measuring routine implementation.
Because of this waiver, patient details other than those
required for return of results could not be collected. As the
REDCap� database collected personal identifiable information
such as name, surname, folder number and specimen barcodes
required for return of results and linkage to centralized labo-
ratory database, only POC operators and key study staff had
access to the database.

3 | RESULTS

3.1 | Summary of testing

Throughout the implementation period, all TOUs provided
both POC VL and EID services alongside routine CLT. A total

of 8147 live births to WLHIV were recorded across the TOUs
– range 1177 at Tshwane District – 3334 at Johannesburg
Region D. During this time, 3719 specimens for POC VL test-
ing were received, of which 3142 (84.5%) were tested and
2912 (92.7%) specimens from 2903 unique women were
included in this analysis (Figure 1). For POC EID, 6127 speci-
mens were received, of which 5290 (86.3%) were tested and
5074 (95.9%) from 5043 unique infants were included. Indica-
tions for miscellaneous VL or EID testing included routine
patient VL monitoring, diagnostic dilemmas and needles stick
injuries. For POC VL, the majority of specimens collected but
not tested were so because of insufficient volumes while for
EID this was because of clotted samples, insufficient volumes
and administrative errors. An invalid/error result on initial
testing was reported in 131/2912 (4.5%) VL and 715/5074
(14.1%) EID specimens tested – 657 on Xpert (invalid/error
rate of 15.5%) and 58 on m-PIMA (invalid/error rate of 7.0%).
Of the 131 initial VL invalid/ error results, 105 (80.2%) were
errors while 26 (19.8%) were invalids/ no results. For POC
EID testing of the 715 initial invalid/error results, 581
(81.3%) were invalid, 310 (43.4%) were reported in Quarter 2
(July September 2018); 473 (61.2%) occurred equally at
Johannesburg D and F TOUs and 359 (50.2%) occurred with
cartridges from three lots.

3.2 | Coverage of testing and return of results

Using live births to WLHIV as the denominator, minimum
overall coverage of POC VL testing was 35.6% (range 20.9%
to 60.1% across TOUs) while minimum overall coverage EID
was 61.9% (range 47.0% to 88.0% across TOUs) (Table 2).
Using denominators adjusted for non-testing of specimens col-
lected on weekend and public holidays, maximum overall cov-
erage was 50.3% (range 29.9% to 92.4% across TOUs) for
POC mVL testing and 87.5% (range 63.5% to 100% across
TOUs) for EID testing.
The proportion of unique WLHIV tested by POC VL who had

mVL results returned prior to discharge was 74.3% (range 39.0
96.2% across TOUs) while that of unique infants tested by POC
EID was 73% (range 50.0 95.7% across TOUs). The minimum
proportion of mVL POC results returned ranged from 8.7% to
57.5% while that for EID ranged from 23.5 65.6% (Table 2).
Failure to return results was due to WLHIVand/or infants being
discharged prior to POC results becoming available.
For both POC VL and EID testing, the relative risk associ-

ated with results not being returned were higher at Johannes-
burg D and F and Tshwane compared to Johannesburg B, for
specimens collected after-hours and when the initial POC test
yielded an error/invalid result (Table 3). For both VL and EID
POC testing, the risk of results not being returned was lower
with successive quarters. For POC VL testing, the risk of
results not being returned was independently higher for speci-
mens with high viral loads results. The overall proportion of
infants who were POC EID positive at birth (intra-uterine
transmission rate) was 1.3% (range 0.7% to 2.3%).

3.3 | Turn-around times

Overall median TATs for POC VL testing was 3.3 hours (IQR
2.2 to 18.2 hours), n = 2175 while that of EID POC testing
was longer at 9.6 hours (IQR 2.9 to 22.6 hours), n = 3717.
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The proportion of specimens with TATs < 24 hours were
82.8% for POC VL testing compared to 77.6% for POC EID
testing. For mother-infant pairs where both mother and infant
had POC testing, overall median TAT was longer for EID com-
pared to VL; 3.3 hours (IQR 2.5 to 9.3 hours) versus
2.9 hours (IQR 2.1 to 7.4 hours), p-value sign test <0.001).
TATs were longer for specimens collected during the weekend
compared to those collected during weekdays – 4.9 hours
(IQR 2.4 26.2 hours) versus 3.2hours (IQR 2.2 16.6 hours) for
POC VL and 33 hours (IQR 23 46 hours) versus 6.5 hours
(IQR 2.8 to 19 hours) for POC EID testing- see Figure S1. In
analyses excluding weekend specimens, the pre-test period
(time between specimen collection and obtaining a result from
the instrument) accounted for the bulk of the TAT (Figure S2).
POC pre-test periods during weekdays were shorter com-
pared to the CLT pre-test periods for both mVL and EID test-
ing (see Figure S3).TATs were longer at Johannesburg D,

Johannesburg F and Tshwane TOUs compared to Johannes-
burg B and for specimens collected after-hours but shorter
with successive quarters of enrolment for VL testing. For EID
testing they were also longer at Johannesburg D, Johannes-
burg F and Tshwane TOUs compared to Johannesburg B, for
specimens collected after-hours and among specimens with an
initial invalid/error result (Table 4).
Johannesburg B TOU demonstrated the best coverage, result

return rate and TATs of all TOUs but differed from the other
three TOUs in that the facility already had four years of experi-
ence with POC EID testing, having been a clinical trial site, and
had additional staff at hand to support implementation.

3.4 | Performance of POC testing compared to CLT

There was good agreement between results of both POC VL
and EID testing with CLT. For all quantifiable and paired VL

Figure 1. Summary of POC VL and EID testing.

Table 2. Coverage of testing and return of results

VL EID

Jhb F Jhb D Tshwane Jhb B All Jhb F Jhb D Tshwane Jhb B All

Infants born to WLHIV 1543 3324 1177 2103 8147 1543 3324 1177 2103 8147

Infants born to WLHIV (excluding weekends/

public holidays)

1080 2460 859 1367 5766 1080 2460 859 1367 5766

Number of unique WLHIV OR infants tested 323 743 574 1263 2903 1038 1561 1036 1408 5043

% Coverage of testing (Minimum) 20.9 22.4 48.8 60.1 35.6 67.3 47.0 88.0 67.0 61.9

% Coverage of testing (Maximum) 29.9 30.2 66.8 92.4 50.3 96.1 63.5 100 100 87.5

Infants whose mothers had POC VL testing – – – – – 142 233 219 1118 1712

% infants whose mothers had POC VL testing – – – – – 13.7 14.9 21.1 79.4 33.9

Number with documented results returned

before discharge

274 290 383 1209 2156 801 780 721 1379 3681

% Results returned (Minimum) 17.8 8.7 32.5 57.5 26.5 51.9 23.5 61.3 65.6 45.2

% Results returned (Maximum) 84.8 39.0 66.7 95.7 74.3 77.2 50.0 69.6 97.9 73.0

Number with VL ≥ 1000 copies/mL/EID positive 58 156 154 254 622 7 15 24 19 65

% VL ≥ 1000 copies/mL OR EID positive 18.0 21.0 26.8 20.1 21.4 0.7 1.0 2.3 1.4 1.3

Jhb B, Johannesburg B; Jhb D, Johannesburg D; Jhb F, Johannesburg F; EID, early infant diagnosis; POC, point-of-care; VL, HIV viral load.
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Table 3. Factors associated with no results return before discharge for both VL and EID testing

Variable/

category

VL (N = 2903) EID (N = 5043)

n/N

Univariable

RR

(95% CI) p-value

Multivariable

aRR

(95% CI) p-value n/N

Univariable RR

(95% CI) p-value

Multivariable

aRR (95% CI) p-value

TOUa

Johannesburg F 49/313 3.55

(2.46 to

5.12)

<0.001 3.58

(2.13 to

6.04)

<0.001 237/1038 11.08

(7.60 to

16.16)

<0.001 8.01

(4.96 to

12.91)

<0.001

Johannesburg D 453/743 14.26

(10.92 to

18.63)

<0.001 17.55

(12.92 to

23.84)

<0.001 781/1561 24.29

(16.87 to

34.94)

<0.001 22.71

(15.00 to

34.41)

<0.001

Tshwane 191/574 7.78

(5.85 to

10.35)

<0.001 7.51

(5.33 to

10.59)

<0.001 315/1036 14.76

(10.18 to

21.41)

<0.001 14.01

(9.18 to

21.49)

<0.001

Johannesburg B 15/1263 1.00 1.00 29/1408 1.00 1.00

Quarter of enrolment

June 18 81/281 1.00 1.00 133/384 1.00 1.00

July to

September 18

260/905 1.00

(0.81 to

1.23)

0.975 1.02

(0.86 to

1.21)

0.845 688/1725 1.15

(0.99 to

1.34)

0.064 0.89

(0.79 to

1.01)

0.066

October to

December 18

202/849 0.83

(0.66 to

1.03)

0.087 0.68

(0.57 to

0.81)

<0.001 292/1430 0.60

(0.50 to

0.70)

<0.001 0.50

(0.43 to

0.57)

<0.001

January to

March 19

204/868 0.82

(0.65 to

1.06)

0.068 0.59

(0.49 to

0.70)

<0.001 249/1504 0.48

(0.40 to

0.57)

<0.001 0.38

(0.32 to

0.44)

<0.001

Timing of specimen collectiona

Weekday

workhours

284/1859 1.00 1.00 545/2619 1.00 1.00

Weekday

after-hoursb
353/772 2.99

(2.62 to

3.41)

<0.001 5.52

(2.92 to

10.41)

<0.001 546/1694 1.55

(1.40 to

1.71)

<0.001 3.62

(1.14 to

11.54)

0.030

Weekend 110/272 2.65

(2.21 to

3.17)

<0.001 1.43

(1.08 to

1.90)

0.012 271/730 1.78

(1.58 to

2.01)

<0.001 1.17

(0.95 to

1.43)

0.143

POC machine

qHIV-1/2 detect 135/825 1.00 1.00

Xpert HIV1/2

qual

1227/4218 1.78

(1.51 to

2.09)

<0.001 0.93

(0.79 to

1.09)

0.373

Initial test invalid/error

No 657/2772 1.00 1.00 906/4332 1.00 1.00

Yes 90/131 2.90

(2.54 to

3.31)

<0.001 2.17

(1.90 to

2.49)

<0.001 456/711 3.07

(2.83 to

3.32)

<0.001 2.69

(2.50 to

2.90)

<0.001

VL ≥ 1000 copies/mL

No 573/2281 1.00 1.00 – – – – –

Yes 174/622 1.11

(0.96 to

1.29)

0.149 1.16

(1.03 to

1.32)

0.018 – – – – –

Mother did not have POC mVL
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measurements (N = 2352), the limits of agreement were log10
VL 0.549 to log10 VL 0.798, (Figure 2) and the Spearman cor-
relation coefficient was 0.95 (95% CI 0.95 to 0.96). At VL load
thresholds of i) RNA detectable/ undetectable, ii) 50 to 1000
copies/mL and iii) >1000 copies/mL, POC and laboratory VL
had percent agreements of i) 78.9% (95% CI 77.2 to 80.5, ii)
88% (95% CI 86.6 to 89.2%) and iii) 98.2% (95% CI 97.5
98.6%) respectively (see Table S3A).
For paired POC EID testing results (N = 4081), overall

agreement for positive/negative results was 99.5% (95% CI
99.3 99.7 %) – see Table S3B,C,D. There were 10 (0.25%)
infants who had discrepant POC and centralized laboratory
results. Of these, five (50%) had HIV-detected on POC EID
testing but not by laboratory testing and five (50%) had HIV
detected on laboratory EID testing but not by POC testing.
Johannesburg B and D and Tshwane TOUs equally accounted
for nine of the 10 infants who had discrepant POC and labo-
ratory EID results. Of the five POC EID positive infants, three
had repeat EID testing and two EID negative on follow-up
testing. On follow-up of the five who were laboratory EID
positive, one was confirmed HIV positive and started ART, the
rest did not have repeat CLT.

4 | DISCUSSION

We described implementation of POC VL and EID testing
around delivery at four high volume TOUs in Gauteng pro-
vince, South Africa. POC VL and EID testing was implemented
with variable success across the TOUs. POC EID testing cov-
erage was higher than POC VL testing coverage but were at
best 88% and 50% respectively. Result return rates were simi-
lar between POC VL and EID testing and both varied by
TOU, quarter of implementation, specimen collection after-
hours and initial test result being invalid/error. TAT varied
greatly across TOUs. There was good agreement between
paired POC and centralized laboratory results for both VL
and EID testing.

Our study demonstrated feasibility of POC VL and EID
testing around delivery but highlights the need for additional
resources to achieve adequate testing coverage and result
return. To the best of our knowledge, this is the first study
describing implementation of both POC VL and EID testing
for WLHIV and their infants around time of delivery. VL and
EID POC testing at this time represents the potential for
large proportions of WLHIV and their infants to access HIV
testing by strategically placing POC instruments in the busiest
delivery sites in South Africa. The benefits include identifica-
tion of suboptimal viral suppression and the opportunity to
decrease transmission risk of HIV in the peri- and post-partum
period by prescribing high-risk infant prophylaxis and address-
ing maternal viraemia respectively. HIV-exposed infants bene-
fit from improved result return, linkage to care and early ART
initiation among HIV-infected infants [11]. EID POC testing
also provides an opportunity for immediate return of negative
birth test results, reassuring mothers and counselling them on
future HIV testing requirements for their infants. An earlier
study performed at Johannesburg B TOU, showed that link-
age to care following centralized laboratory-based birth test-
ing was sub-optimal and that delays in getting results to
WLHIV could be a contributory factor [23].
Poorer coverage of mVL compared to POC EID testing may

be attributable to EID testing at birth being established prac-
tice in obstetric units whilst maternal VL testing at delivery
new. Consequently, routine staff at Johannesburg D and F
and Tshwane TOUs required multiple reminders to collect
POC VL testing samples over the first few months of imple-
mentation. The wide variation of the main outcomes across
TOUs may suggest differences in underlying health system
factors such as patient flow and capacity of routine staff. For
effective scale up of POC testing in similar settings, determin-
ing optimal patient flows and placement of instruments to
achieve best coverage, return of results and shortest TATs
without burdening current staff is required. Improvements in
proportions of results returned before discharge, and reduced
TATs, during implementation study likely reflects

Table 3. (Continued)

Variable/

category

VL (N = 2903) EID (N = 5043)

n/N

Univariable

RR

(95% CI) p-value

Multivariable

aRR

(95% CI) p-value n/N

Univariable RR

(95% CI) p-value

Multivariable

aRR (95% CI) p-value

No – – – – – 1183/3331 1.00 1.00

Yes – – – – – 179/1712 3.40

(2.94 to

3.93)

<0.001 1.29

(1.12 to

1.47)

<0.001

EID PCR positive

No – – – – – 12/65 1.00 1.00

Yes 1350/4978 1.47

(0.88 to

2.45)

0.142 1.12

(0.68 to

1.86)

0.655

b-specimens collected before 07:00 hours and after 15:00 hours were considered to have been collected after hours. aRR, adjusted relative risk;
CI, confidence interval; EID, early infant diagnosis; RR, relative risk; POC, point-of-care; TOU, tertiary obstetric unit; VL, viral load.
aBoth models allowed for interaction between timing off specimen collection and TOU: p-value for interaction terms were 0.002 for mVL model
and 0.034 for EID models respectively.
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improvements in specimen collection, processing and result-re-
turn procedures over time. The lower proportion of results
returned and longer TATs for specimens with an initial invalid/
error result was expected. Repeat testing on the same sample

lengthened the TAT and reduced the likelihood of results
being returned before discharge. Minimizing the proportion of
tests reported as error/invalid will improve TATs and result
return. The high error/invalid rate with POC EID testing could

Table 4. POC VL and EID testing turn-around times by different categories measured on weekday specimens

Category

VL (N = 2012) EID (N = 3251)

TAT in hours (median, IQR) p-value TAT in hours (median, IQR) p-value

TOU

Johannesburg F 11.9 (3.4 to 19.4) 14.2 (8.3 to 19.8)

Johannesburg D 25.5 (15.5 to 34.8) <0.001 22.5 (12.2 to 28.2) <0.001

Tshwane 14.6 (3.5 to 22.0) 15.5 (4.3 to 24.7)

Johannesburg B 2.5 (2.0 to 3.3) 2.8 (2.3 to 3.6)

Quarter of enrolment

June 18 3.8 (2.8 to 8.9) 7.8 (3.3 to 11.8)

July to September 18 3.3 (2.4 to 8.4) <0.001 6.1 (3.1 to 18.8) 0.809

October to December 18 2.8 (2.1 to 15.5) 6.6 (2.6 to 19.3)

January to March 19 2.8 (2.0 to 18.0) 6.3 (2.6 to 20.2)

Specimen collected after-hoursa

No 2.6 (2.1 to 3.8) 3.2 (2.4 to 8.8)

Yes 17 (11.8 to 30.0) <0.001 14.6 (9.8 to 20) <0.001

Mother/infant also tested by POC

No 11.3 (2.8 to 23.4) 14 (4.5 to 22.9)

Yes 2.8 (2.1 to 4.3) <0.001 3.2 (2.5 to 6.7) <0.001

Instrument type

Xpert HIV1/2 Qual – – 6.7 (2.7 to 19.1)

qHIV-1/2 Detect – – 5.3 (3.0 to 18.8) 0.284

Initial test invalid or error

No 3.1 (2.2 to 13.6) 6.3 (2.7 to 19.0)

Yes 3.3 (2.4 to 10.0) 0.382 7.6 (3.7 to 20.2) 0.002

Test result (VL ≥ 1000/EID pos)

No 3.1 (2.2 to 13.2) 6.3 (2.8 to 19.0)

Yes 3.3 (2.3 to 14.0) 0.284 14.2 (2.7 to 21.8) 0.151

EID, early infant diagnosis test; IQR, interquartile range; POC, point-of-care; pos, positive; TAT, turn-around time; VL, viral load.
aspecimens collected before 07h00 and after 15h00 were considered to have been collected after hours.

Figure 2. Bland Altman plot of agreement between POC VL and centralized laboratory VL measurements.
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partly explain longer TAT compared to POC VL testing.
Higher volumes and proportions of weekday specimens col-
lected after-hours for POC EID testing (1743 (40.1%)) com-
pared to POC VL testing (807 (30.6%)) could also account for
longer TATs in the former when compared to the latter. The
larger numbers of after-hours EID specimens meant EID spec-
imens waited longer before processing compared to VL speci-
mens. The association of failure to return mVL results with
high viral loads was unexpected. This could have been due to
residual confounding not adequately adjusted for in the multi-
variable model. The higher proportion of results returned and
associated shorter TATs among mothers and infants among
mother-infant pairs where both were tested using POC was
unexpected but could be explained by prioritizing testing of
infants whose mothers had high mVLs, either by the POC
operators or by the health care providers.
The proportions with POC EID error/invalid results in our

study were higher than proportions of up to 9.3% reported in
other studies [9,12,20-21,24]. Among the EID error/invalid
results, 50.2% were associated with cartridges belonging to
three specific lots which may suggest faulty cartridges. Our
study had higher error rates compared to earlier studies
where POC EID testing was done four-six weeks of age
whereas our study offered POC testing at birth. Drawing
blood at birth is challenging and associated with insufficient
specimens. This could have contributed to the higher error
rate. We cannot exclude operator error as a contributory
cause, although training was provided continuously throughout
implementation.
Our study had a number of limitations. First, to determine

coverage of testing and return of results we used the number
of live births to WLHIV determined from routine data as a
proxy for (1) number of WLHIV admitted during the imple-
mentation period and (2) the number of HIV-exposed infants.
Use of this denominator, known to be undercounted, may
have under-estimated numbers of WLHIV or their infants eli-
gible for testing thereby overestimating coverage. Efforts to
collect denominator data were challenged by use of multiple
recording and reporting tools across TOUs. Second, because
written informed consent for research was waived, we could
not collect additional patient level data such as maternal ART
use or duration, data that would have been useful in interpre-
tation of maternal viral load or infant EID results. POC imple-
mentation relied on routine TOU staff, and not study
phlebotomists, to collect blood specimens. Since laboratory
and POC testing was performed in parallel, the volume of
blood required doubled and may have contributed to insuffi-
cient samples. Third, POC testing occurred during working
hours. Although this was necessary because of funding con-
straints, it resulted in some WLHIV and their infants being
missed. Any future scale up of POC VL and EID testing
around time of delivery would need to consider after-hours
and weekend testing. Lastly, although cost data were collected
during the study, findings from these data were beyond the
scope of this analysis.

5 | CONCLUSION

Our implementation showed that POC EID and mVL testing
around time of delivery was feasible, accurate and could

achieve high coverage in settings with additional resources.
Further scale up needs to address health systems challenges,
high error rates and after-hours testing. Evaluations of the
impact of POC VL and EID testing at delivery on improving
postnatal maternal VL suppression and linkage to and reten-
tion in care as well as its effect on mother-to-child transmis-
sion of HIV – such as those planned in Zimbabwe and
Mozambique [25,26] are required to inform this scale up.
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