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ABSTRACT

Background: We carried out analyses of early infant testing results at Livingstone Central Hospital in
Zambia to assess time of testing, linkages to care and availability of test results for clinical decision making.
Methods: We abstracted data from registers of HIV-exposed infants who had dried blood spots
cards (DBS) collected for DNA-PCR from January 2009 to December 2017. Only those tested
from 2014 to 2017 had additional data which were used to estimate risk factors for mother-to-child
HIV transmission using logistic regression models.
Results: DBS were collected from 2630 children. The proportion of HIV-positive tests decreased
from 21% in 2009 to 2% in 2016 and 2017. Median turnaround time for results was 9 weeks (IQR:
5, 15) for HIV-negative, 7 weeks (IQR: 5, 13) for HIV-positive children. Only 2% of infants whose
mothers took antiretroviral therapy (ART) were HIV positive, while 18% of infants whose mothers
took short course antiretroviral drugs (ARVs) were infected. Infants of mothers who did not take
ARVs had 9 times the odds of an HIV positive test (OR¼ 8.9, 95% CI: 3.6, 22.6). Infants of moth-
ers who received short course ARVs were 40% less likely to get an HIV test within the first 2 months
of life (OR¼ 0.6, 95% CI: 0.4, 0.9) compared to infants of mothers who received ART. Only 52%
had a third test at median age 52 weeks (IQR: 50, 54).
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Conclusions: Long turnaround time for test results and low retention in care after the initial HIV
test were critical challenges to clinical decision making.

K E Y W O R D S : HIV, early infant diagnosis, mother-to-child-transmission of HIV, risk factors, elimin-
ation, effectiveness of PMTCT

I N T R O D U C T I O N
Global scale-up of Prevention of Mother-to-Child
HIV Transmission (PMTCT) coverage led to 51%
decline in new pediatric HIV infections among chil-
dren from birth to 15 years of age since 2010 [1].
The major component of the HIV response for
young children is effective PMTCT including pri-
mary HIV prevention for women in the reproductive
age group and antiretroviral therapy (ART) for HIV-
infected pregnant women.

In 2016, it was estimated that 83% of all pregnant
women in Zambia were tested for HIV and 95% of
those diagnosed with HIV, accessed ART [1, 2].
However, only 37% of HIV-exposed infants had an
HIV DNA-PCR test done for HIV diagnosis within
the first 2 months of life and only 46% of those with
HIV positive tests accessed ART [2–4]. Early initi-
ation of ART for HIV-infected infants is critical be-
cause it reduces the risk of mortality by as much as
76% [5]. Studies done in resource limited settings
provided evidence that treatment of all HIV-infected
pregnant women with ART (Option Bþ), followed
by simplified prophylaxis and treatment algorithms
for their infants resulted in low mother-to-child-
transmission rates below 5% in breastfeeding popula-
tions [6, 7].

Early Infant Diagnosis (EID) is defined by the
World Health Organization (WHO) as virologic
testing of HIV-exposed infants by 2 months’ of age
and is a key PMTCT intervention recommended by
the WHO and adapted by the Zambian Ministry of
Health [8, 9]. EID is challenging to implement in re-
source limited settings like Zambia because it
requires the use of DNA-PCR which is only available
at molecular laboratories in major cities [10, 11].
Maternal antibodies remain detectable in HIV
exposed infant’s serum until 9–12 months of age,
therefore, molecular techniques such as DNA-PCR
are the definitive tests to detect HIV infection
among infants. DNA-PCR gives reliable results and
is effective at identifying infants infected in utero

who have the highest risk of disease progression and
mortality [8, 12, 13].

We carried out descriptive analysis on time of
testing, linkages to care and availability of HIV test
results for HIV-exposed infants at Livingstone
Central Hospital (LCH), Zambia from January 2009
to December 2017. We discuss the challenges and
successes of this PMTCT and pediatric HIV treat-
ment program and generate program relevant infor-
mation to inform institutional policy and/or
investment in early infant diagnostic testing for HIV-
exposed infants as a critical tool for ensuring AIDS
free survival in the era of continued progress toward
elimination of mother-to child-transmission of HIV
in Zambia.

M E T H O D S

Study design, site and population
We abstracted data from clinic registers and medical
records of HIV-exposed infants and children at LCH
in Livingstone, Zambia from January 2009 to
December 2017. LCH is a tertiary level hospital that
served a catchment population of over 1.2 million
people in the Southern and parts of Western provin-
ces of Zambia. This hospital served both an urban
and rural population with an estimated HIV preva-
lence of 13.4% in 2016 [2, 14]. The only molecular
laboratory that performed DNA-PCR since 2008 for
the Southern part of Zambia was housed at LCH.
The LCH had a pediatric center of excellence clinic
that had been in operation since 2006 and had over
580 children on ART and close to 200 HIV-exposed
infants in the EID program every year. The pediatric
enter of excellence (PCOE) clinic offered treatment
and care to HIV exposed and infected children in
Livingstone district and surrounding areas. All HIV
exposed infants who were born at LCH had dried
blood spots cards (DBS) collected at birth from
2009. This was a pragmatic approach to diagnose
HIV infection among exposed infants early and re-
duce mortality because early infant testing had been
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challenging especially in the surrounding rural areas.
In addition, all hospitalized children were tested for
HIV and this was documented to improve access to
services for HIV prevention and care [15].

In our analysis, we included infants who were
delivered at LCH and infants who were referred to
the LCH from surrounding primary health care clin-
ics following delivery complications like postpartum
hemorrhage in the mother or birth asphyxia, birth
defects or other complications of the newborn infant.
We excluded very sick infants who were admitted to
the neonatal intensive care unit, but included them if
they survived beyond the first 28 days of life and
were discharged from the neonatal intensive care
unit and enrolled in care and follow-up at the PCOE
clinic.

During the initial enrollment, demographic and
clinical details of the tested mother–baby pair were
entered into an exposed baby register and a medical
record was opened for the exposed baby and kept at
the PCOE clinic. The mother/caregiver was given
the option to have the results sent to their usual pri-
mary health care clinic or to stay in care at the
PCOE clinic.

Once the HIV DNA-PCR test results were
received at the PCOE clinic, the caregiver was con-
tacted by phone if a phone number was provided
and asked to come back to the clinic to collect their
results or go to their preferred primary health care
clinic to collect the results. When the mother came
back to the clinic, the result was communicated and
a plan of care and further follow-up was initiated as
follows: (1) The infant was scheduled to come back
for repeat testing at 4–6 weeks of age, 6 months,
9 months, 12 months, 18 months of age and
3 months after cessation of breastfeeding, (2)
prophylactic treatment with antiretroviral medica-
tions for a specified period of time, (3)
Cotrimoxazole was prescribed if the baby was above
6 weeks of age.

All pregnant women who delivered at LCH
received HIV counseling and testing following con-
sent by the attending midwife. Dried blood spots
cards were collected from all newborn infants whose
mothers had confirmed HIV infection. Prophylactic
ARV medications were prescribed for the infant and
vaccines (Bacille Calmette Guerin (BCG) and oral

polio vaccine (OPV)) are routinely administered be-
fore discharge at the hospital. However, if the infant
required additional vaccines which are only adminis-
tered at primary health facilities, follow-up visits
were scheduled for the newborn at their primary
health facility through the under five clinic. At the
PCOE clinic, monthly clinical visits were scheduled
for all the HIV exposed infants. At each clinical visit,
the following parameters were assessed; (1) the
child’s general health and wellbeing, (2) growth and
neurodevelopment assessment, (3) nutritional status
and infant feeding choice, (4) vaccine schedule, (5)
HIV testing schedule, (6) prophylactic medication
(ARVs and Cotrimoxazole), (7) Psychosocial assess-
ment including living situation at home and contact
details of the caregiver.

Ethical considerations
This study was approved by the Zambia National
Health Research Authority and the institutional re-
view boards at Macha Research Trust and the
University of Georgia. We conducted secondary ana-
lysis of anonymized routinely collected program
data. Hence, informed consent was waived.

Ascertainment of HIV exposure status

HIV testing for mothers
Pregnant women received HIV counseling and test-
ing during antenatal clinic and upon admission to
the delivery wards if their HIV status was unknown.
Women who had HIV-negative test results during
antenatal visits were retested for HIV as recom-
mended by the Zambian Ministry of Health if the
last test was more than six weeks before delivery
[16]. HIV screening was done using a rapid test
(Determine, Abbot Laboratories, USA) and all HIV
positive results were confirmed using Unigold rapid
test (TM HIV, Trinity Biotech, Ireland).

HIV testing for infants
Trained nurse counselors collected whole blood
from infants of HIV-infected mothers using heel or
big toe prick and the blood was spotted onto 5
circles on filter paper. The filter paper was dried
overnight at room temperature and sealed in humid-
ity free bags and later sent to the molecular
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laboratory. One spot from each filter paper was
tested by COBAS Ampliprep/Taqman HIV-1
Version 2.0 real time PCR assay (ROCHE
Diagnostics, Indianapolis, IN) according to manufac-
turer instructions. The date of collection of the dried
blood spots card and subsequent result and prophy-
laxis medication was recorded in the child’s medical
record. All positive tests were confirmed by collect-
ing a second sample from the child and performing
another DNA-PCR test. However, medication was
commenced without the confirmatory test. All the
children at the PCOE clinic received confirmatory
tests.

Mother–baby pair follow-up
The duration of follow-up was from time of delivery
until 3 months after cessation of breastfeeding or 2
years of age, for children who stopped breastfeeding
earlier. Dried blood spots cards for HIV DNA-PCR
testing were collected at 6 weeks and 6 months of
age. Routine rapid HIV antibody tests were done for
children above 12 months of age. If the test result
was positive for HIV antibodies, DNA-PCR was
done to confirm HIV infection. HIV-infected chil-
dren were immediately commenced on ART as rec-
ommended by the Ministry of Health HIV treatment
guidelines [16]. Birth testing of all HIV-exposed
infants was implemented at LCH in 2013. The final
outcome test was done with a rapid HIV test at least
3 months after cessation of breastfeeding for children
aged above 18 months who continued breastfeeding
and at 18 months of age for children who stopped
breastfeeding earlier. If the rapid HIV test was posi-
tive, DBS was collected for HIV DNA-PCR.

During the follow-up period, the infants were
scheduled to come back to the clinic at least once a
month for routine growth and neurodevelopment
assessments. At the initial enrollment session, the
caregivers and counselors discussed the infant testing
schedule, how to collect the DNA-PCR test results
and how to access care for the child among other
things. The counselors obtained consent to make
phone calls and/or home visits if the child missed
their scheduled appointments. The DNA-PCR test
results were usually given to the caregivers at the
next scheduled appointment. Those who missed
their scheduled appointment were contacted by

phone or home visits and encouraged to come for
the clinic appointment and receive their result.
Clients with HIV-positive test results were followed
up more frequently by the clinic outreach team to
ensure that they came back to receive the test results
and access ART. The outreach team facilitated link-
age to care for families who opted to start treatment
at a primary health facility near their home. The out-
reach team was comprised of a nurse counselor, a so-
cial worker and some community volunteers.

Data collection
We abstracted routinely collected clinical data from
HIV-exposed baby registers. The HIV-exposed baby
registers contain baseline demographics, delivery
and HIV test history of all the infants born to
HIV-infected women at LCH. We abstracted the fol-
lowing variables: file number, date of birth, gender,
address, date of collection of the DBS, and the result
of the HIV DNA-PCR test. After implementation
of Option Bþ in 2013, the registers were updated to
include the following data: date of collection of first
DBS, test result, date of collection of second DBS
and respective test result, date of collection of third
test and the respective test result. In addition, we
abstracted the mother’s details as follows: when did
the mother know her HIV status, when was the
mother commenced on ART, what regimen of ARVs
did she take, did the baby take ARVs for prophylaxis,
and what was the infant feeding choice. We traced
the individual patient records through the clinic
registry and utilized them to complete the records
from the exposed baby registers.

Statistical analysis
We performed descriptive analysis of the baseline
data from the mother–baby pairs by calculating
medians, interquartile ranges, frequencies, and per-
centages by HIV infection status as confirmed by the
DNA-PCR test results recorded in the HIV-exposed
baby registers. We present descriptive statistics for
categorical variables and medians with interquartile
range (IQR) for continuous variables. Univariate lo-
gistic regression evaluated the infant’s HIV test
(positive vs. negative) and timing of the infant’s HIV
testing, (early before 2 months of age vs late after
2 months of age) and how this was affected by the
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following risk factors; (1) timing of the mother’s first
HIV diagnosis, (2) whether or not the mother
received ARVs during pregnancy and, (3) whether
the infant received ARVs for prophylaxis during the
first 6 weeks of life. Data analysis were performed
using SAS software (SAS version 9.4 (SAS Institute
Inc, Cary, NC).

R E S U L T S
Dried blood spots cards were collected from 2680
children for HIV DNA-PCR at LCH between
January 2009 and December 2017. Records from the
maternity wards indicated that in 2017, at least 98%
of all women who delivered at LCH had received
HIV testing and 99% were retested at the time of de-
livery and 99% of the infants born at LCH were
tested for HIV at birth. The number of HIV-exposed
deliveries is different from the number of tested chil-
dren because some of those tested were not deliv-
ered at LCH but were referred from primary health
care facilities (Fig. 1). Among the referred patients,
89% were admitted to the pediatric inpatients wards

and treated for medical conditions including pneu-
monia, diarrhea and neonatal sepsis, at least 3% were
self-referrals who already had another child in care at
the clinic and 8% were referrals for treatment of
medical conditions such as congenital heart disease,
birth defects or delayed milestones. At the start of
the testing program in 2009, 19% (n¼ 78/410) of
the tested children did not receive their results, but
by 2016 all the tested children received their results
(Fig. 1). The proportion of HIV-positive tests
decreased from 21% (n¼ 88/410) in 2009, to 2% in
2016 (n¼ 7/355) and 2% in 2017 (n¼ 9/411)
(Fig. 1).

Of total 2680 tested children, 659 came to the
clinic during the post Option Bþ era (2014–2017)
after the registers and medical records had been
updated and baseline demographic data for these
children were available for analysis (Table 1). We
were able to analyze demographic data for children
who were attended to after implementation of
Option Bþ. All the children were tested at first con-
tact with the hospital staff usually after delivery,
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FIG. 1. Early Infant diagnostic test results for HIV diagnosis for children at LCH: 2009–2017.

*includes all DNA-PCR tests done at the hospital including in the delivery ward and NICU. Some of the patients were not enrolled in the HIV clinic at the hospital

and the result was sent to their primary healthcare facility, hence not included in Table 1.
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during hospital admission or at first contact with the
out patient’s clinic following referral from primary
health care. We found that the median age of the
children at the time of the 1st DNA-PCR test was
3 weeks (IQR: 0, 9) for children who had an HIV-
negative test results and 7.5 weeks (IQR: 2, 28) for
children with HIV-positive test result. The median
turnaround time for results to get back to the care-
givers was 9 weeks (IQR: 5, 15) for HIV-negative
children and 7 weeks (IQR: 5, 13) for HIV-positive
children (Table 1).

At least 8% of the mothers did not know their
HIV infection status during pregnancy and were not

tested during delivery. Of these mothers, we found
that 25% (n¼ 14/56) of their infants were diag-
nosed with HIV. A total of 7% (n¼ 46/659) moth-
ers tested positive for HIV during delivery or during
the first 6 weeks after delivery and 17% (n¼ 8/46)
of their infants were HIV-infected. Among infants of
mothers who were diagnosed with HIV during preg-
nancy, 11% (n¼ 55/508) were diagnosed with HIV
and among mothers who knew their HIV infection
status before pregnancy, only 6% (n¼ 3/49) were
diagnosed with HIV.

From the logistic regression model, infants of
mothers who did not know their HIV infection

TABLE 1. Baseline characteristics of infant’s first DNA-PCR for HIV diagnosis at LCH: 2014–2017

Characteristic Result of baby’s first DNA-PCR test

Negative Positive Total
N¼ 579 N¼ 80 N¼ 659

Age in (weeks) when 1st DNA-PCR was done (Median IQR) 3 (0–9) 7.5 (2–28)
Time (weeks) from collection of DBS to result given to

caregiver Median (IQR)
9 (5–15) 7 (5–13)

Sex N (%)
Female 285 (89) 35 (11) 320
Male 290 (87) 44 (13) 334
Missing 4 (80) 1 (20) 5

Time of mother’s first HIV diagnosis N (%)
Before pregnancy 46 (94) 3 (6) 49
During pregnancy 453 (89) 55 (11) 508
During labor and delivery or PNC 38 (83) 8 (17) 46
Unknown 42 (75) 14 (25) 56

Mother received ARVs for PMTCT N (%)
NVP or AZT only during ANC or delivery 316 (82) 71 (18) 387
ART 200 (98) 5 (2) 205
none 63 (94) 4 (6) 67

Baby received ARVs for prophylaxis before 6 weeks of age N (%)
Yes 452 (89) 56 (11) 508
No 127 (84) 24 (16) 151

Year DNA-PCR was done N (%)
2014 146 (82) 33 (18) 179
2015 119 (79) 31 (21) 150
2016 167 (96) 7 (4) 174
2017 147 (94) 9 (6) 156

PNC, prenatal clinic; ART, antiretroviral therapy; NVP, nevirapine; AZT, azido thymidine; PMTCT, prevention of mother to child transmission of
HIV; DBS, dry blood spot; IQR, interquartile range.
98% of the infants in this population were breastfed. 96% of HIV infected infants were linked to care and treatment. Only children with demographic in-
formation recorded in the exposed baby registers at the pediatric HIV clinic (PCOE) are included in this table.
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status during pregnancy, delivery and postnatal had
five times the odds of an HIV positive diagnosis
(OR¼ 5.1, 95% CI 1.4, 19.0) (Table 2). Only 2%
(n¼ 5/205) infants whose mothers took ART dur-
ing pregnancy tested positive for HIV while 18%
(n¼ 71/387) infants whose mothers took short
course antiretroviral drugs (Nevirapine (NVP) or
Zidovudine (AZT)) during pregnancy or delivery
were diagnosed with HIV infection and 6% (n¼ 4/
67) infants of HIV infected mothers who did not
take any ART were diagnosed with HIV (Table 1).
Infants of HIV-infected mothers who did not take
any ART during pregnancy had 9 times the odds of
an HIV positive diagnosis (OR¼ 8.9, 95% CI: 3.6,
22.6) (Table 2).

Timing of first PCR HIV test
In 2016, 45% (n¼ 78/174) of infants were tested
within the first 6 days of life (birth testing) which
was a marked increase from 2014 when only 32%
(n¼ 58/179) of the infants tested during the same
time period. In 2017, 78% (n¼ 7/9) of the HIV-
infected infants were diagnosed with tests obtained
during the first week of life and in 2014, 15%
(n¼ 5/33) of the HIV infections were diagnosed

from tests obtained during the first week of life
(Table 3).

Infants of mothers who received monotherapy
antiretroviral drugs were 40% less likely to get an
HIV test within the first 2 months of life (OR¼ 0.6,
95% CI: 0.4, 0.9). Infants who did not take ARVs for
prophylaxis during the first 6 weeks of life were 20%
less likely to get tested within the first 2 months of
life (OR¼ 0.8, 95% CI: 0.7, 0.9) (Table 2).

Linkage to care
We found that 98% (n¼ 646/659) infants were
breastfed and 78% (n¼ 508/649) took Nevirapine
for post exposure prophylaxis during their first 6
weeks of life. All the infants who were prescribed
ARVs for post exposure prophylaxis were docu-
mented to have completed treatment up to at least
6 weeks or 6 months of age for infants whose moth-
ers did not receive ARVs during pregnancy. Overall,
96% (n¼ 77/80) of infants diagnosed with HIV in-
fection were commenced on ART within a median
of 3 days (IQR: 0, 4) after the caregiver received the
result. The registers recorded several phone calls and
home visits and counseling sessions for at least 25%
(n¼ 20/80) of HIV-positive infants before they

TABLE 2. Maternal factors associated with likelihood of positive infant PCR test and early infant
testing

Result of infant’s PCR test
(positive vs. negative)

Early testing (before 2 months of age)
vs. late testing

OR 95% CI p OR 95% CI p

Time of mother’s first HIV diagnosis
Before pregnancy ref ref
During pregnancy 1.9 0.6, 6.2 0.3105 0.9 0.5, 1.8 0.9526
During labor or postnatal 3.2 0.8, 13.2 0.0996 1.9 0.8, 5.1 0.1512
Unknown 5.1 1.4, 19.0 0.0150 1.9 0.8, 4.8 0.1313

Mother received ARVs for PMTCT
ART ref ref
Monotherapy (NVP or AZT during ANC) 2.5 0.7, 9.7 0.1745 0.6 0.4, 0.9 0.0092
None 8.9 3.6, 22.6 <.0001 1.05 0.5, 2.0 0.8695

Baby received ARVs for prophylaxis before 6 weeks
Yes ref ref
No 1.2 0.9, 1.3 0.1096 0.9 0.8, 0.9 0.0404

NVP, Nevirapine; AZT, Azidothymidine; ANC, antenatal clinic. Bolded numbers were statistically significant.
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were successfully linked to treatment. Some of the
phone calls and home visits were made before the
caregiver came to collect the result and some were
after the results were given to the caregiver. Of the
three infants who didn’t commence ART, one died
during the second week of life due to neonatal com-
plications, one infant’s caregiver refused to have the
baby commenced on ART and one child was lost to
follow-up.

Subsequent HIV testing
Of the 659 infants and children who had HIV DNA-
PCR tests, 71% (n¼ 469) had the scheduled second
subsequent HIV test done at median age of 24 weeks
(IQR; 24, 28). Of those who got a second subse-
quent HIV test only 1% (n¼ 6) were HIV-positive.
A total of 52% (n¼ 344) had a third subsequent
HIV test at median age of 52 weeks (IQR: 50, 54)
and of these only 0.6% (n¼ 2) were diagnosed with
HIV infection (Table 4). For 12% (n¼ 23/190) of
the medical charts of children who did not come
back for their second subsequent HIV test, it was
recorded that the family had requested to be referred
to a health facility near their home for follow-up care.

D I S C U S S I O N
In this study, we observed that availability of HIV-
DNA test results improved and all the infants whose
samples were collected in 2016 and 2017 received
their test results. After implementation of Option
Bþ in 2012, the documentation of maternal clinical
history and clinical follow-up parameters of HIV-
exposed children improved over time and by 2014,

we were able to evaluate important PMTCT out-
comes such as age of testing, turnaround time of
results and maternal HIV diagnosis and treatment
history.

Birth testing was implemented in Zambia in
2015–2016 but all HIV-exposed infants born at this
health facility were tested soon after birth as a prag-
matic approach to improve early infant testing especial-
ly among families from rural areas who were unlikely to
access timely HIV testing for their infants. However,
we observed an increase in uptake of birth testing after
Option Bþ implementation in 2012–2014.

Our finding that Infants of HIV-infected mothers
who did not take any ART during pregnancy had 9
times the odds of an HIV positive diagnosis when
compared to infants of mothers on ART demon-
strates that infants of mothers who did not take ART
have much higher risk of an HIV positive diagnosis.
We observed decline in HIV positivity from 21%
(n¼ 88/410) in 2009, to 2% in 2016 (n¼ 7/355)
and 2% in 2017 (n¼ 9/411). Our findings are con-
sistent with reports by the Centers for Disease

TABLE 3. Early infant testing with DNA-PCR for HIV diagnosis by age group at Livingstone Central
Hospital: 2014–2017

Year Total tested
at birth

Birth to
6 days

Total tested at
age 1–4 weeks

1–4 weeks Total tested at
age 4->8 weeks

4–8 weeks Total HIV
positive

Total tested
N

N (%) Positive N (%) Positive N (%) Positive
N N N N

2014 58 (32) 5 38 (22) 3 83 (46) 25 33 179
2015 28 (19) 1 31 (20) 7 91 (61) 23 31 150
2016 78 (45) 2 38 (23) 2 58 (32) 3 7 174
2017 67 (43) 7 25 (16) 1 64 (41) 1 9 156

Option Bþ was implemented in 2013 at Ministry of Health facilities in Zambia. Birth testing was implemented in 2016.

TABLE 4. Children who came back for subse-
quent HIV tests at Livingstone Central hospital:
2014–2017

N Age (weeks)
median (IQR)

Negative tests
N (%)

Positive
tests N (%)

1st Test 659 3 (0–11) 579 (89%) 80 (12%)
2nd Test 469 24 (24–28) 463 (99%) 6 (1%)
3rd Test 344 52 (50–54) 342 (99.4) 2 (0.6%)

IQR, interquartile range.
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Control and prevention that the HIV DNA-PCR
positivity at national level in Zambia declined to 2%
in 2015 [17]. A prospective cohort study done in
peri-urban settings in Zambia reported infant HIV
free survival of 99.0% (95% CI: 98.0–99.5%) at
6 weeks, 97.5% (95% CI: 96.1–98.4%) at 6 months
and 96.3% (95%CI: 94.8–97.4%) at 12 months [18].
They reported that loss to follow-up was only 5% at
later testing points. In contrast, retention in care was
a critical challenge in our study as demonstrated by
our findings that 71% infants came back for their se-
cond test and only 52% came back for a third test.
Retention in care needs to be strengthened so that
outcomes of HIV exposed infants can be clearly
understood and their needs can be met.

The clinic outreach team made several attempts
to engage caregivers of children who missed appoint-
ments but retention in care was still low especially
among children with HIV negative tests. One reason
for the low subsequent HIV testing is that 12% of
the clients decided to seek services from primary
health care facilities near their homes as recorded in
the medical charts but we could not establish reasons
for the majority of the clients. A study carried out in
South Africa documented low levels of retesting and
retention in care especially among HIV-exposed
infants with HIV-negative test results [13]. Similarly,
this study did not establish the reasons for low subse-
quent testing.

Another critical challenge observed in this pro-
gram was the long turnaround time for results to get
back to the caregivers. This resulted in delayed clin-
ical decision making for HIV-infected infants and
children. This critical finding is not unique to our
analysis but has been reported by other studies. A
study from a rural setting in Zambia, showed that
median turnaround time for results to get back to
the caregivers was 13 weeks (IQR: 7, 21), which was
longer than what we found [19]. The longest delay
in this study was the interval from the time the
results arrived at the clinic to the time the result was
given to the caregiver and this was attributed to
delays in processing and communicating the results
to the caregivers [19]. In a study from Lesotho, the
mean turnaround time was 8 weeks [20]. In our
study, the HIV tests were done within the same
health facility and we expected the turnaround time

to be shorter. The major reasons for the long turn-
around times at this health facility was long service
times when the PCR machine required maintenance.
We observed three periods of time when the labora-
tory machines had stopped working and the machine
service process went on for more than 2 months.
These three periods of time increased the median
turnaround time and clients seen during these peri-
ods had at least two scheduled visits before they
could get their results.

HIV-infected children in this cohort were tested
at older median age and this represents differential
delay in the timing of HIV testing and has critical
clinical implications because HIV-positive children
who are a priority for early initiation of ART were
actually delayed.

A major strength of this program at LCH is that
there was staff dedicated to the counseling, testing,
treatment and follow-up of HIV-exposed and HIV-
infected children and their caregivers. The presence
of staff dedicated to outreach made it possible to
track clients and 96% of those in need of treatment
had access in a timely manner. Although results indi-
cate that loss to follow-up was still high especially
among those with HIV negative test results, the out-
reach team played a very important role in the suc-
cess of the program.

A limitation of our study is that we analyzed rou-
tinely collected program data and had inconsisten-
cies and missing information, but we resolved this by
collecting additional data from the patient medical
charts. We found that the registers were useful in
helping us understand the pediatric antiretroviral
treatment program, specifically the uptake of early
infant testing at LCH. Our findings were further lim-
ited by the low subsequent testing as only 52% of
the initial tested children came back for their 3rd
subsequent test and we could not account for the
children who were lost to follow-up. Another limita-
tion is that we used early infant testing results from
one health facility and cannot infer our results to na-
tional level. However, the findings from this health
facility enabled better understanding of the successes
and challenges of the early infant testing program at
facility and this will potentially help to inform institu-
tional policy and will be useful in similar settings.
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C O N C L U S I O N
Long turnaround time for HIV DNA-PCR test
results to get back to the patients and low retention
in care after the initial HIV test was a challenge to
clinical decision making. Documentation of patient
information, processing and communication of test
results to the care givers needs to be improved to fa-
cilitate monitoring of patient outcomes like HIV free
child survival which are critical to inform policy. We
recommend to program managers and clinicians to
develop effective interventions to improve retention
in care and strengthen early infant HIV testing.
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