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These guidelines for best practice under both ideal and
resource-constrained conditions are intended to provide
guidance for health care professionals regarding the
laboratory diagnosis of HIV-1-infected infants and young
children. Resources, circumstances and decisions will differ
across the wide range of clinical settings occurring in
southern Africa and other developing countries. These serve
as an update of guidelines published in this journal in 2001."

The diagnosis of HIV-1 infection in infants begins with
identifying HIV-1 infection in women before and during every
pregnancy; this awareness should also identify the infant at
risk for HIV-1 infection.”® Nonetheless, perinatal HIV-1
diagnosis presents challenges such as:

B Difficulty in establishing an early and rapid diagnosis in
exposed infants due to the persistence of transplacentally
acquired maternal IgG HIV-1 antibodies. These may remain
present in the blood for 15 - 18 months.*

M Timing of HIV-1 transmission from mother to child, which
directly affects the sensitivity and specificity of available
HIV-1 diagnostic assays.

B The risk of the infant being exposed to HIV-1 throughout
the duration of breastfeeding.

B Whether to use quantitative andfor qualitative HIV-1
nucleic acid-based virological assays.

B The utility and role of detecting p24 antigen for diagnosis
and prognosis.

B The global existence of multiple clades or subtypes of HIV-
1 and its effect on assay performance.”'°

Clinical acumen should prevail in interpreting HIV-1 test
results; for example, HIV-1 infection can be ruled out in
children > 18 months of age with negative HIV-1 serology, a
history of either no breastfeeding or breastfeeding that ceased
at least 6 weeks previously, no clinical symptoms of HIV-1

MARCH 2006

disease and no hypogammaglobulinaemia.* Rapid HIV tests
should perform as well in children >18 months as in adults.
Algorithms are in the process of being validated locally.

In turn, all women should be encouraged to undergo voluntary
counselling and testing (VCT).? As per National Treatment
guidelines for infants," testing may only be conducted on
infants following pre-test counselling and only once informed
consent has been obtained from parents, legal guardians or
primary caregivers. This document should be read in
conjunction with the testing algorithm summarised in Fig. 1.

INTRODUCTION

The need for expanded testing practices for the early diagnosis
of HIV in exposed infants is now well established, hence the
urgent need for review of these infant diagnostic guidelines.
Early diagnosis is critical to facilitate:

B comprehensive care of infected children including ARV
treatment

M evaluation of prevention of mother-to-child transmission
(PMTCT) programmes, and

M added social benefits such as a reduction in maternal
anxiety,'” stratification of health care services, and
recommendations for appropriate infant feeding practices.

HIV-infected children under 24 months of age are a
particularly vulnerable group. A recent natural history study
showed that approximately 35% of infected children in Africa
died before 1 year of age and that more than 52% have died
by their 2nd birthday.” Early diagnosis has the potential to
reverse this situation, provided that primary care services are
adequately capacitated to provide these children with
appropriate care including nutritional support, co-trimoxazole
prophylaxis, clinical and CD4 count monitoring and timely
referral for antiretroviral therapy.
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Age < 18 months

Mother's status unknown,
child has features of
symptomatic HIV

® Start co-trimoxazole prophylaxis if child is = 6 weeks
o Perform HIV antibody test on mother (with consent), or

Mother HIV positive

® Do HIVPCRif = 6 weeks of age
e Start co-trimoxazole prophylaxis

Age > 18 months

HIV ELISA test

2 5

Negative

Child uninfected
If child still breastfed,
repeat HIV ELISA
6 weeks after
breastfeeding has

Child infected
Start co-trimoxazole
prophylaxis if indicated

o Test child's HIV ELISA (with consent) if mother cannot be
tested

stopped

HIV DNA PCR
negative

HIV ELISA negative HIV ELISA positive

HIV DNA PCR
positive

Repeat HIV DNA-PCR
if child is asymptomatic

¥ W HIV DNA PCR
it
Child uninfected i
® Stop co-trimoxazole prophylaxis e Stop co-trimoxazole prophylaxis if not breastfeeding
® Investigate for other cause of illness o Child uninfected if breastfeeding stopped
® |f child still breastfeeding, repeat HIV DNA PCR

6 weeks after breastfeeding cessation. Or, if > 18 months |
repeat HIV ELISA 6 weeks after stopping | -

Child HIV-infected.
Manage as per
guidelines.

® |Infants less than 6 weeks of age presenting with clinical features suggestive of HIV infection should have an HIV-1 DNA
PCR test performed. Infants with rapidly progressive disease require early initiation of antiretroviral therapy and may die if
the PCR test is delayed. Should this test be negative, a repeat test is recommended at or after 6 weeks of age.

® Any time clinical features are discordant with HIV test results, re-testing is indicated.

Fig. 1. HIV infant testing algorithm (modification of the testing algorithm from the National
Department of Health, National Antiretroviral Treatment Guidelines, 7st ed., April 2004).
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Based on recent antenatal HIV prevalence figures of 29.5%'"
and assuming there are a million births per year in South
Africa, approximately 300 000 infants require access to early
diagnosis. Previously, protocols in resource-poor settings have
recommended that infants be followed up for 1 year on co-
trimoxazole prophylaxis from 6 weeks of age and then tested
using HIV enzyme-linked immunosorbent assay (ELISA) testing
strategies at 12 months of age. The reality of this practice is
illustrated by experience in Johannesburg, South Africa, where
over 60% of infants were lost to follow-up by 6 weeks and
859% by 12 months of age during a 24-month period (October
2001 - September 2003)."*'® The absence of a diagnosis, and
the death of 409% of HIV-infected infants by 12 months of age,
severely limits children's access to comprehensive care."”
Furthermore, a diagnostic algorithm incorporating a single HIV
DNA polymerase chain reaction (PCR) test at 6 weeks of age
costs society less than one that uses an HIV ELISA test at 12
months of age.”

Much emphasis has been focused on choosing the appropriate
technology to allow for timeous diagnosis. Important
considerations include:

B sample volume

mode of specimen collection

[ |

B required turnaround

M [aboratory technical skills, and
[ |

cost.

Recent work in Johannesburg has confirmed the potential
value of two diagnostic assays for early infant diagnosis of
HIV:

B Roche HIV DNA PCR assay version 1.5, and

B the ultrasensitive heat-denatured p24 antigen quanti-
tation assay."

In summary, 627 non-breastfed HIV-exposed infants (58 HIV
positive) had their HIV status determined according to Centers
for Disease Control (CDC) guidelines. A single HIV DNA PCR
using the Roche Amplicor assay version 1.5 at 6 weeks of age
had a sensitivity of 98.8% and specificity of 99.4%. The use
of the 6-week visit coincides with the first immunisation visit
and thus fits in well with the continuum of care.

The performance of the Roche HIV DNA PCR assay has been
confirmed in other regions as summarised in Table .

Data on the second option, the ultrasensitive heat-denatured
p24 antigen assay at 6 weeks, yielded satisfactory results in

TABLE I. SUMMARY OF PERFORMANCE OF ROCHE
AMPLICOR HIV DNA PCR ASSAY VERSION 1.5 IN

DIFFERENT SUBTYPES
Region Prevalent  Sensitivity Reference
subtype and specificity
Zimbabwe  C 100%:; 100% Zijenah et al®
Tanzania A CD Lyamuya et al*
Rwanda A 100%; 98% Fischer et al®
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TABLE Il. SUMMARY OF PERFORMANCE OF ULTRASENSITIVE
HEAT-DENATURED P24 ANTIGEN QUANTITATION ASSAY

FOR INFANT DIAGNOSIS OF HIV

Region Prevalent Sensitivity Reference
subtype  and specificity

Tanzania A D 99%, 100% Lyamuya et al®

Switzerland; B 97 - 9800 sensivity/  Nadal et al;*’

S 98 - 999 specificity Respess et al.?®

Thailand and  E 97 - 98% sensitivity/ Sutthent et al,”
Cambodia 97 - 99% specificity  Nouhin et al®

South Africa with a sensitivity and specificity of 97.7% and
100% respectively when compared with HIV DNA PCR
testing.” The performance of this assay for infant diagnosis
has been confirmed in other studies and is summarised in
Table II.

In remote settings, difficulties have been experienced with
sample collection and transport for infant diagnostic
specimens. This has been overcome with the use of dried blood
spots followed by extraction and the Roche HIV DNA PCR
assay. The Roche HIV DNA version 1.5 PCR assay performed on
unmodified filter paper at 6 weeks of age yielded an accurate
diagnosis of HIV infection with a sensitivity and specificity of
100% and 99.6% respectively compared with PCR conducted
on whole-blood samples.”' Preliminary data suggest that DBS
from capillary (e.g. heel prick) versus venous blood also yields
highly accurate HIV DNA PCR results (personal communication
- G Sherman). The ultrasensitive p24 ag assay has recently
been modified for use on dried plasma® and dried blood
spots.®

In the South African context, owing to the sheer numbers of
samples needing diagnosis, automated testing methodologies
for assays such as the Roche HIV DNA PCR assay have been
explored. To date the automation of the extraction method for
this assay has been optimised using the Roche MagNapure
Analyser. When comparing this approach with the
conventional whole-blood manual extraction method 100%
concordance was noted (W Stevens - personal communica-
tion). This method also reduced the number of equivocal
results and internal control failures to 1 - 2% of samples run.
Preliminary data suggest that this method works well for dried
blood spots using the MagNapure LC DNA lIsolation kit Il
(W Stevens - personal communication) and the data will be
published shortly.

DEFINITION OF AN HIV-1-UNINFECTED
INFANT/CHILD

A child should not be labelled as HIV positive simply if the
mother is HIV positive; the correct terminology in this
situation is HIV-exposed.

An HIV-1-uninfected infant/child can be defined as an infant/
child with a negative HIV-1 serological or virological test
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where clinical features are not discordant. The following
modifiers apply to age categories:

B For children older than 18 months of age a negative HIV-
1 serological test based on the ELISA method confirms
absence of HIV-1 infection, provided that breastfeeding
ceased at least 6 weeks before the first test.

M For infants between 6 weeks and 18 months of age, one
negative HIV DNA PCR test result indicates non-infection
provided that breastfeeding ceased at least 6 weeks before
the test. Confirmation of an infant's HIV infection status
using an HIV ELISA test at 15 - 18 months can be done.

DEFINITION OF AN HIV-1-INFECTED INFANT/CHILD
AND RECOMMENDATIONS ON THE USE OF HIV

TESTS

HIV-1 diagnostic techniques are more difficult to interpret in
infants and young children than in older children or adults
because of the persistence of maternal antibodies up to
12 - 18 months of age. The HIV-1 DNA PCR detects the
integrated HIV virus DNA (‘provirus) into the genome of
mononuclear cells, and is considered the test of choice for
establishing the diagnosis of perinatally acquired HIV-1
infection.* This PCR is a diagnostic qualitative reaction,
distinct from the RNA quantitative reaction (viral load test)
used for the prognostic staging or clinical monitoring.* The
HIV-1 DNA PCR is a rapid and accurate method for
identification of HIV-1 infection in infants and young children
under 18 months of age. Currently the only assay with
extensive validation in South Africa is the Roche Amplicor
DNA assay version 1.5. However, PCR amplification is prone to
contamination and testing should take place strictly according
to the manufacturer's instructions and only in areas dedicated
for PCR work. HIV-1 DNA PCR methods are considered reliable
when standardised and performed in laboratories following
good laboratory practices.

These tests have been accurate for all known HIV-1
subtypes but ongoing molecular surveillance is necessary
to confirm their performance for novel subtypes.

B An HIV-1 DNA PCR test should be performed on infants
between 6 weeks and 18 months of age for diagnosis. If
the HIV-1 DNA PCR is positive infection is established, and
if the infant is currently being breastfed this may be
continued and the infant should receive prophylaxis for
opportunistic infections such as Pneumocystis jiroveci.

B Infants under 6 weeks of age presenting with clinical
features suggestive of HIV infection should have an HIV-1
DNA PCR test performed. Infants with rapidly progressive
disease require early initiation of antiretroviral therapy
and may die if the PCR test is delayed. Should this test be
negative, a repeat test is recommended at or after 6 weeks
of age

B In infants over 18 months of age, a positive HIV ELISA
assay as per the national testing algorithm confirms
diagnosis of HIV infection.
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B Whenever clinical features are discordant with HIV test
results, re-testing is indicated.

DETERMINATION OF HIV INFECTION IN

ABANDONED/ORPHANED INFANTS

B Perform an HIV ELISA to assess HIV exposure at birth if
results for the mother are not available. If you have
confirmation of a positive HIV ELISA result for the mother
this test may be omitted.

If HIV antibody assay for mother or infant is positive,
perform an HIV DNA PCR assay at 6 weeks. This may be
repeated on a second sample at any stage to confirm the
6-week result and comply with the HIV testing
requirements of adoption agencies.

LEGISLATION REGARDING HIV TESTING IN INFANTS

The final version of the Bill is not yet available but will be
shortly and posted at http://www.gov.za and called the
Children's Act. In summary, the following important
information will be included:

M Informed consent to HIV testing may be obtained from a
child aged 12 years or older without the assistance of the
parents/caregivers provided the child is sufficiently mature
to understand the implications of the test. If the child is
under 12 years of age but is sufficiently mature to
understand the implications of the test, consent may be
obtained without the assistance of parents/caregivers.

If the child is under 12 years of age and cannot understand
the implications of the test, and has no parents and
caregivers, consent is to be obtained from the provincial
head of social development.

If the child is under 12 years of age and not mature,
options are as follows:

m the child protection agency arranging the placement
of the child can consent, or

m the medical superintendent/person in charge of the
hospital - if no parents/caregiver and no child
protection agency is involved, or

m the children's court - if consent is being withheld (by
anyone capable of giving consent, not just parents) or
if child and parents are not able to give consent.

M In the case of an abandoned child who has obviously been
deserted by parent/s, legal guardian or caregiver or who
has had no contact with parent/s, legal guardian or
caregiver for 3 months for no apparent reason, a caregiver
may give consent. A caregiver is defined as the individual
who actually cares for a child and may include a foster
parent, kinship carer, person who cares for a child in
temporary safe care, head of shelter, child protection or
youth agency, child or youth care worker who cares for a
child without appropriate care in the community, and child
who is head of a child-headed household.

B Consent to HIV testing also cannot be withheld
unreasonably.
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OTHER POINTS TO CONSIDER

Children. Mortality of infected and uninfected infants born to HIV-infected
mothers in Africa: a pooled analysis. Lancet 2004; 364(1): 1236-1243.

14. Department of Health, 2005. National HIV and Syphilis Antenatal Sero-
. o . prevalence Survey in South Africa 2004. www.doh.gov.za/docs/reports/2004/
W In South Africa, the quantitative HIV RNA (viral load) test hiv-syphilis.pdf (last accessed 23 February 2006).
has not been Va”dated as a diagnostic too| but Shou|d be 15. Sherman GG, Jones SA, Coovadia AH, Urban MF, Bolton KD. PMTCT from
. . research to reality - results from a routine service. S Afr Med J 2004; 94: 289-
reserved for assessing prognosis and further management 989,
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include the followina: poor follow-up rates of HIV-exposed infants in Johannesburg, South Africa.
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m workflow issues within local laboratories, and 17. Jones SA, Sherman GG, Coovadia AH. Can clinical algorithms deliver an
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m delayed transport from remote areas causing 83(7): 559-560.
deterioration of RNA. 18. Sherman GG, Matsebula TC, Jones SA. Is early HIV testing of infants in poorly
resourced prevention of mother to child transmission programmes
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e : : : : . 19. Ledergerber B, Flepp M, Boni J, et al. HIV-1 p24 concentration measured by
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B Whether to test all infants at 6 weeks of age or delay detection of human immunodeficiency virus type 1 DNA in Zimbabwe. J Clin

. . . i Microbiol 1999; 37(11): 3569-3571.
testmg in breastfed infants until 6 weeks after 22. Lyamuya E, Olausson-Hansson E, Albert J, Mhalu F, Biberfeld G. Evaluation of a
breastfeeding has ceased, remains controversial. prototype Amplicor PCR assay for detection of human immunodeficiency virus

type 1 DNA in blood samples from Tanzanian adults infected with HIV-1

B The current national diagnostic algorithm recommends subtypes A, C and D. J Clin Virol 2000; 17(1): 57-63.
antibody tests after 18 months of age despite the fact that 23. Fischer A, Lejczak C, Lambert C, et al. Simple DNA extraction method for dried

. X blood spots and comparison of two PCR assays for diagnosis of vertical human
many uninfected infants serorevert (|OSC maternal HIV immunodeficiency virus type 1 transmission in Rwanda. J Clin Microbiol 2004;
antibodies) between 9 and 12 months of age. It is 42(1):16-20.
. . 24. Sherman GG, Stevens WS, Stevens G, Galpin JS. Diagnosis of human
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