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Abstract. Recent World Health Organization (WHO) guidelines recommend antiretroviral therapy (ART) for all HIV-
infected people; previously CD4+ T lymphocyte quantification (CD4 count) or clinical staging determined eligibility for
children ³ 5 years old in low- and middle-income countries. We examined positive predictive value (PPV) of a rapid
diagnostic test (RDT) algorithm and ART eligibility for hospitalized children with newly diagnosed HIV infection. We
enrolled 363 hospitalizedMalawian children age 2months to 16 yearswith two serial positive HIV RDT from 2013 to 2015.
Children aged £ 18months whose nucleic acid testing was negative or unavailable were later excluded from the analysis
(N=16). If RNAPCRwasundetectable, human immunodeficiency virus (HIV) enzyme immunoassay (EIA) andwesternblot
(WB) were performed. Those with negative or discordant EIA and WB were considered HIV negative and excluded from
further analysis (N=6). ARTeligibilitywasassessedusingage,CD4count, andclinicalHIVstage.Among150patientswith
HIV RNA PCR results, 15 had undetectable HIV RNA. Of those, EIA andWBwere positive in nine patients and negative or
discordant in six patients. PPV of serial RDT was 90% versus RNA PCR alone and 96% versus combined RNA PCR, EIA,
andWB.Of all patients aged ³5 years, 8.9%were ineligible for ARTunder previousWHOguidelines. ImprovedHIV testing
algorithms are needed for accurate diagnosis ofHIV infection in children asprevalence of pediatricHIVdeclines.Universal
treatment will significantly increase the numbers of older children who qualify for ART.

INTRODUCTION

Of the more than 36 million people living with human immu-
nodeficiency virus (HIV) worldwide, an estimated 1.8million are
children under age 15 years.1,2 Scale-up of prevention of
mother-to-child transmission (PMTCT) efforts have prevented
an estimated 1.3 million new HIV infections among children
between 2010 and 2015.3 This was accomplished, in part,
through expanded HIV rapid diagnostic testing (RDT), and
global adoption of Malawi’s Option B+ strategy (universal life-
long antiretroviral therapy [ART] eligibility for all HIV-infected
pregnant and breastfeeding women) by the World Health Or-
ganization (WHO).3–5 However, inconsistent delivery of HIV
testing and lack of resources to perform confirmatory testing
using HIV enzyme immunoassay (EIA), western blot (WB), or
nucleicacid testingposeacontinuedchallenge for theaccurate
identification and linkage to care formothers and children living
with HIV.4,6,7 As a result of these challenges, many children
remain undiagnosed or improperly diagnosed and less than
one half of children living with HIV are receiving ART.1,4

HIV diagnostic testing algorithms are based on recom-
mendations of national experts and international agencies
such as the WHO, guided by cost effectiveness, feasibility,
and resources in low- and middle-income countries. In
Malawi, national guidelines recommend HIV DNA PCR for
definitive diagnosis of HIV infection in treatment-na ı̈ve

children < 12 months.8 For treatment-naı̈ve children ³
12 months old, a serial RDT algorithm similar to the algorithm
recommended by the WHO for high prevalence areas is rec-
ommended: if the first HIV RDT is positive, a second RDT from
a different manufacturer is used to confirm results. If the re-
sults are discordant, RDTs from the two different manufac-
turers are then run in parallel. If results are discordant again,
testing is repeated at the next healthcare visit or the patient is
directed to a referral laboratory, if available, for nucleic acid
testing.8,9 Retesting before ART initiation, and at 24 months
of age for children taking ART in the first 2 years of life,
is recommended, and is performed using the same RDT
algorithm.8,9 WHO recommendations for diagnosis of HIV in
children are similar, but recommend confirmation of positive
serial RDT (or other serologic test) with nucleic acid testing in
children £ 18months.9 TheWHO recommends RDT platforms
with ³ 99% sensitivity, ³ 98% specificity, and aims for a
positive predictive value (PPV) of ³ 99% for RDT testing
algorithms.9

Guidelines for treatment of children with HIV in low- and
middle-income countries have been revised over time in re-
sponse to greater availability of RDTs and ART, resulting in
expanded eligibility for older children. In 2010, the WHO rec-
ommended universal ART only for children 2 years old and
younger.10 In 2013, the WHO expanded eligibility to recom-
mend universal ART for children under age 5 years, but chil-
dren older than 5 years qualified for treatment only if they had
advanced clinical HIV disease (stage 3 or 4) or absolute CD4+
T lymphocyte count (CD4 count) £ 500 cells/mm3.11 Although
studies suggest that CD4 count is preferred over clinical
staging for determination of immunosuppression, CD4 testing
availability is limited in some low-income countries, and for
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certain clinical conditions (such as tuberculosis) prompt initi-
ation of ART is recommended regardless of CD4 count, so
clinical staging remainedpart ofWHO recommendations.11–13

In 2015 and 2016, the WHO released updated guidelines
recommending universal ART for all HIV-infected persons
regardless of age, clinical disease, or CD4 count, eliminating
the need for immunologic or clinical staging before ART
initiation.14,15

The hospital setting represents a valuable opportunity for
HIV testing and prompt initiation of ART in children.16–19

Prevalence of HIV in sub-Saharan Africa is higher in hospi-
talizedchildren than thegeneral pediatric population, andHIV-
infected hospitalized children have higher mortality than
HIV-uninfected hospitalized children.17–19 High rates of pneu-
monia, sepsis, malnutrition, gastrointestinal illness, meningitis,
and skin infections have been described in untreated HIV-
infected hospitalized children.17–19 Many of these studies were
done before the implementation of PMTCT and pediatric ART
guidelines, so it is not known if the clinical presentation of un-
treated HIV-infected children has changed and how many

childrenwouldqualify for treatmentusing2013WHOguidelines
versusuniversalART.18,19Theaimof this studywas touseserial
HIV RDT to diagnose HIV infection in hospitalized Malawian
children and using immunologic and clinical staging, determine
how many additional children will qualify for treatment as uni-
versal ART guidelines are adopted. A post hoc secondary aim
was to analyze the PPV of the 2-RDT algorithm for HIV di-
agnosis as compared with nucleic acid testing.

MATERIALS AND METHODS

Children, 2 months to 16 years old with positive serial RDT
admitted to the pediatric wards at Queen Elizabeth Central
Hospital (QECH) in Blantyre, Malawi, from February 2013
through June 2015 were enrolled. Patients were excluded
from the analysis if they were £ 18 months and confirmatory
nucleic acid testing (HIV DNA or RNA PCR) was negative or
unavailable, if they died orwere dischargedbefore testing, or if
they had a prior diagnosis of HIV (Figure 1). For children with
two positive HIV RDTs but undetectable HIV RNA PCR,

FIGURE 1. Inclusion of study subjects. Three hundred and sixty three children who tested positive for HIV by rapid diagnostic testing (RDT) were
enrolled.Sixteenwereexcludedbecause theywere18monthsof ageor youngerwith negativeor unavailable confirmatoryDNAorRNAPCR test.Of
the remaining 347 patients, 150 had sufficient plasma for HIV viral load (HIV VL). Of these 150 children, 15 had undetectable HIV RNA PCR.
Confirmatory HIV testing by enzyme immunoassay (EIA) and western blot (WB) was performed on archived plasma from these patients. Of the 15,
nine had positive EIA andWB results. Of the remaining six samples, three had negative EIA andWB, two had positive EIA and negativeWB and one
had negative EIA and indeterminate WB with one band positive.
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confirmatory EIA (Bio-Rad GS HIV-1/2 Plus O) and WB (Bio-
Rad GS HIV-1) testing was performed at the University of
North Carolina Project Laboratory, Lilongwe, Malawi; those
children with negative or discordant EIA and WB testing and
undetectable HIV RNA PCR were considered HIV uninfected
and excluded from further analysis (Figure 1). This study was
approved by the Institutional Review Boards of the University
of Malawi College of Medicine, Partners Healthcare and the
Albert Einstein College of Medicine. Consent and assent (for
those children aged ³ 7 years) was obtained from patients and
guardians.
HIV counselors approached all admitted patients with un-

known HIV status (no documented HIV testing results per-
formedafter age 24months) for HIV testing byRDT (Determine
HIV-1/2 [Abbott], followed by Uni-Gold HIV [Trinity Biotech] if
positive initial test), and subsequently provided counseling
and test results as recommended in local provider-initiated
testing and counseling guidelines.8 Children with two serial
positive HIV RDTs were offered enrollment in the study. The
study nurse performed clinical staging based on Malawi HIV
guidelines8 and completed a data collection form recording
age, height, weight, and discharge diagnosis. Blood was
drawn for absolute and percent CD4+ T-cell lymphocyte
counts (FACScount platform, QECH laboratories), dried blood
spots for confirmatory HIV DNA PCR in children £ 12 months
as per local guidelines, and if sufficient blood was available,
plasma was archived for HIV-1 Real Time RNA PCR (HIV RNA
PCR, Abbott m2000, UNC Project Laboratory). Staging and
test results were provided to guardians and patients with
documentation in the hospital record and individual health
passport. Study data were collected and managed using
REDCap™ electronic data capture tools. QECH HIV coun-
selors completed training and demonstrated competency in
HIV RDT testing before study initiation.
Children meeting eligibility criteria for treatment were re-

ferred for ART. WHO guidelines for pediatric ART eligibility
changed shortly after initiation of the study; enrolled children
were offered treatment according to the updated 2013
guidelines on their adoption.
Statisticalmethods.Mann–WhitneyU test was usedwhen

comparing continuous variables between two groups. Con-
tinuous variables between ³ 3 groups were analyzed using
Kruskal–Wallis test and Dunn’s test for post hoc pairwise
comparisons. Pearson’s χ2 test was used to compare cate-
gorical variables. P value of £ 0.05 was used to determine
statistical significance. Multiplicity adjusted P values were
used for the Dunn’s test for post hoc comparisons. Spearman

correlationwas used to evaluate associations. TwoPPVof the
serial RDT were computed: one against RNA PCR alone and
the other against combined RNA PCR, EIA, and WB. ART el-
igibility was assessed using age, CD4 count, and clinical HIV
stage. Patients confirmed HIV negative by combined RNA
PCR, EIA, and WB were excluded from this analysis. As a
sensitivity analysis, ARTeligibilitywas assessed for the subset
of patients with confirmed HIV positivity (detectable HIV DNA
or RNA). All analyses were performed with GraphPad Prism
version 6.07.

RESULTS

We consented and enrolled 363 children with two serial
positive RDT, of whom 16 were excluded from data analysis
because theywere £ 18months and confirmatory nucleic acid
testing (HIV DNA or RNA PCR) was negative or unavailable.
After excluding the 16 patients £ 18 months without confir-
matory nucleic acid testing, 347 patients were analyzed
(Figure 1).
HIV quantification and correlation with RDT results. HIV

RNA PCR was measured for a subset of children. Of the 150
children with available HIV RNA PCR results, 15 had un-
detectable HIV RNA (< 400 copies), prompting additional
testing by EIA andWB.Of those 15 childrenwith undetectable
HIV RNA, nine had positive EIA and WB results, and repeat
RDTs performed on available archived plasma were positive
(Table 1). Of the remaining six patients with undetectable HIV
RNA PCR, three had negative EIA and WB, two had positive
EIA and negative WB, and one had negative EIA and in-
determinate WB (one band positive) (Table 2). Repeat HIV
RDTs performed on archived plasma were negative for all six
patients. The PPV of two serial RDTs was 90% versus RNA
PCR alone, and 96% versus combined RNA PCR, EIA,
and WB.
After excluding the six patients with undetectable HIV RNA

PCR and negative confirmatory testing from further analysis,
data from the remaining 341 HIV-positive patients were ana-
lyzed. A sensitivity analysis was also performed on the subset
of 140 patients with detectable HIV DNA or RNA testing with
similar results (Supplemental Figure 1).
Patient characteristics. Of the 341 HIV-positive children

analyzed, 324 children had absolute CD4+ T lymphocyte re-
sults, 245 had CD4+ T lymphocyte percent results, and 337
had HIV clinical stage data. Patient characteristics are sum-
marized for the whole sample and by discharge diagnosis
(Table 3). Median age of the cohort was 60 months (range

TABLE 1
Characteristics of nine children with two positive HIV RDTs, positive HIV enzyme immunoassay and western blot results, but undetectable HIV
RNA PCR

Age (months) Gender Discharge diagnosis WHO clinical stage Reason for stage CD4 absolute (cells/mm3) CD4%

21 Female Pneumonia 3 MW, SBP 154 34.4
27 Male Other malaria 3 MW Missing Missing
48 Male Cerebral malaria 1 AS 683 ND
60 Male Other malaria 1 AS 948 ND
63 Female Missing 1 AS 412 17.3

144 Female Marasmus 4 SM 133 ND
156 Male Other malaria 1 AS 374 20.5
168 Female Recurrent anemia 4 SM 622 ND
168 Female Meningitis 4 SBI 748 42.1

RDT = rapid diagnostic test; WHO =World Health Organization; CD4 = CD4+ T-lymphocytes; SBP = severe bacterial pneumonia; MW =moderate wasting; ND = not done; AS = asymptomatic;
SM = severe malnutrition; SBI = Severe bacterial infection.
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2 months to 16 years). The most common discharge di-
agnoses were presumed or confirmed sepsis (N = 68, 19.9%),
pneumonia (N = 67, 19.6%), malaria (N = 66, 19.4%), and
malnutrition (N = 52, 15.2%). 79% of children had severe HIV
clinical disease (stage 3 or 4).Median absoluteCD4 countwas
512 cells/mm3 (range 1–3888 cells/mm3) and median CD4%
was 18.0% (range 0.4–69%). HIV RNA PCR ranged from un-
detectable to > 10,000,000 copies/mL, with geometric mean
of 182,271 copies/mL.
Differences in patient characteristics betweendischarge

diagnoses. There were significant differences in age across
discharge diagnoses (P < 0.01, KW), driven by older age in
children with presumed or confirmed tuberculosis and younger
age in children with malnutrition (Figure 2A). Absolute CD4
count differed by discharge diagnosis (P = 0.05, KW), although
CD4% did not (Figure 2B and C). Overall, age correlated neg-
atively with CD4 count (Spearman r = −0.45, 95% confidence
interval [CI]: −0.54–0.36, P < 0.01), but did not correlate with
CD4%. CD4 counts positively correlated with CD4% when
looking at all children, and when children < 5 and ³ 5 years old
were analyzed separately (Supplemental Figure 2A–C) (Spear-
man r = 0.61, 95% CI: 0.52–0.68, P < 0.01). There was no sig-
nificant difference in HIV RNA PCR across diagnoses
(Supplemental Figure 2D).
HIV clinical stage differed by discharge diagnosis (Chi-

square, P < 0.01) (Figure 2D). All children with pneumonia,
malnutrition, meningitis, and tuberculosis met criteria for HIV
clinical stage 3 or 4, as these diagnoses are associated with
severe immunodeficiency per clinical guidelines. Conversely,
80% of children with malaria had clinical stage 1 or 2 HIV
disease. HIV clinical stage did not correlate with absolute CD4
count (Spearman r = −0.04, 95% CI: −0.15–0.07, P = 0.50) or
CD4% (Spearman r = −0.05, 95% CI: −0.18–0.08, P = 0.43).
ART eligibility. Among children ³ 5 years who did not

qualify for ART based on age alone under 2013 guidelines

(N = 180), 11.1% (N = 20) were eligible for ART based on CD4
count but would have not qualified based on clinical stage
alone. 8.9% of children ³ 5 years (N = 16) did not qualify for
ART based on CD4 or clinical stage, but would qualify for
treatment with the adoption of universal treatment eligibility.

DISCUSSION

Weobserved ahigher-than-expected proportion of patients
with positive HIV RDT and undetectable HIV RNA PCR in our
study based on WHO guidelines for testing algorithms.9 Of
150 subjectswith sufficient plasmasamples forHIVRNAPCR,
9 (6.0%) were HIV seropositive by RDT, EIA, and WB, but had
undetectable HIV RNA PCR (Table 2). It is possible that these
children could control HIV viremia without treatment and
based on CD4 count could be slow progressors, long term
nonprogressors, or elite-controllers.20–22 Alternatively, these
children could have positive HIV serology due to persistent
maternal antibodies. Studies in Malawi and the United States
have shown that the median age of seroreversion has in-
creased over time, and a significant number of HIV-uninfected
exposed children 18 months and older have positive HIV an-
tibody testing due to persistent maternal antibody.23,24 In
children with late seroreversion, serial RDT is likely to be
persistently positive if repeated before ART initiation as
guidelines recommend, and this problem can be expected to
grow if successful PMTCT efforts result in greater numbers of
HIV-exposed uninfected children.
Among the 150 subjectswithHIVRNAPCRdata, therewere

also six (4.0%) with undetectable HIV RNA PCR and negative
EIA and/or WB. This could reflect systems or operational er-
rors such as inaccurate charting or interpretation of faint
positive bands on RDT test kits. Alternatively, these could
represent false positive RDT results, an increasingly recog-
nized problem in low- and middle-income countries.25–27

TABLE 2
Characteristics of six children with two positive HIV RDTs, negative or indeterminate HIV enzyme immunoassay and western blot testing, and
undetectable HIV RNA PCR

Age (Months) Gender Discharge diagnosis WHO clinical stage Reason for stage CD4 absolute (cells/mm3) CD4% EIA WB

24 Male Pneumonia 4 SM 305 11.5 Positive Negative
36 Male Pneumonia 3 RP 866 31.4 Negative Negative
36 Female Sepsis 4 SBI 1,168 52.7 Negative Negative
36 Male Missing 1 AS 3,547 40.2 Negative Indeterminate
56 Male Typhoid 4 SBI 669 14.4 Negative Negative
57 Male Pneumonia 3 RP 1,234 42.6 Positive Negative

RDT = rapid diagnostic test; WHO = World Health Organization; CD4 = CD4+ T-lymphocytes; EIA = enzyme immunoassay; WB = western blot; SM = severe malnutrition; RP = recurrent
pneumonia; SBI = severe bacterial infection; AS = asymptomatic.

TABLE 3
Characteristics of hospitalized children with new HIV diagnosis

Discharge diagnosis (n, %) Median age* (months)
Median absolute CD4*

(cells/mm3) Median CD4%*
WHO HIV clinical stage

3 or 4 (percent)
Geometric mean HIV RNA PCR*

(copies/mL)

All (N = 341, 100%) 60 [29.5–120.0] 512 [247.8–934.5] 18.0 [10.4–26.6] 79.8 182,271 [59,080–581,640]
Sepsis (N = 68, 19.9%) 72 [29.3–143.8] 511 [258.0–899.0] 18.0 [10.3–25.5] 98.5 157,420 [76,930–535,080]
Pneumonia (N = 67, 19.6%) 60 [28.0–120.0] 619 [296.0–1,032.0] 18.2 [10.9–27.1] 100 122,180 [30,855–473,855]
Malaria (N = 66, 19.4%) 72 [36.0–105.0] 486 [311.0–874.0] 20.3 [14.9–30.2] 20.3 311,190 [75,733–1,545,000]
Malnutrition (N = 52, 15.2%) 32 [24.0–84.0] 766 [189.0–1,100.0] 17.4 [8.9–25.7] 100 375,360 [87,575–962,785]
Meningitis (N = 25, 7.3%) 72 [48.0–126.0] 557 [341.5–774.0] 26.9 [15.4–30.7] 100 157,175 [46,965–589,185]
Tuberculosis (N = 17, 5.0%) 120 [96.0–150.0] 272 [51.0–603.5] 11.4 [4.7–24.0] 100 76,575 [54,930–101,198]
Gastroenteritis (N = 8, 2.3%) 36 [17.5–129.0] 617 [256.0–741.3] 15.0 [6.2–26.1] 62.5 366,780 [115,535–501,378]
Other/Missing (N = 38, 11.1%) 48 [28.5–120.0] 320 [104.0–595.5] 13.6 [7.7–23.2] 55.8 93,460 [42,440–432,025]
CD4 = CD4+ T-lymphocytes; WHO = World Health Organization.
* [interquartile range].
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Although cost efficient and easily performed in the field, the
sole use of RDTs for HIV diagnosis has significant limitations.
Personnel must be properly trained to read and record
the results correctly. Faintly positive test bands that are diffi-
cult to interpret have been described as a cause of incor-
rectly reported positive results, particularly when using
whole blood.27–29 False positive RDTs due to heightened
B-lymphocyte activation are well described in those with in-
tercurrent illness, particularly parasitic infections such as
malaria, and this effect is more pronounced in children.29–31

HIV RDT false positive tests are of particular concern in
children. RDTs are highly sensitive and specific; the reported
sensitivity of both Determine and Unigold HIV RDTs is 100%
(95% CI: 95.5–100.0), and specificity is 99.4% (95% CI:
96.7–100.0) and 100% (95% CI: 97.9–100.0), respectively,
when using whole blood.32 However, as HIV prevalence falls
with successful PMTCT efforts and adoption ofOptionB+, the
PPV of HIV RDTs will be significantly reduced, resulting in a
greater number of false positive tests.30,33 Compared with the
WHO standard of 99% sensitivity and 98% specificity, the
PPV of an HIV RDT is 72.2% if population HIV prevalence is
5%, and the PPV drops to 33.4% if population HIV prevalence

is 1%.9 In our study, the PPV of the 2-RDT algorithmwas 90%
versus RNA PCR alone and 96% versus combined RNA PCR,
EIA, and WB, which does not meet the goal of 99% set by the
WHO. With a 90–96% PPV, for every 1,000 children with a
positive HIV RDT screen, 40–100 results would be falsely
positive.
Childrenmeeting theWHOcriteria for HIV infection could be

treated with ART indefinitely based on erroneous HIV RDT
results. Although WHO guidelines recommend repeat serial
RDT for confirmation of HIV diagnosis before ART initiation,
only 20% of the country-specific testing strategies currently
adhere to these guidelines,9 and repeat testing may be per-
sistently positive in HIV-exposed uninfected children. Al-
though supplemental confirmatory testing is costly, these
costs may be smaller than the financial cost and potential
toxicity of lifelong ART as HIV prevalence falls. Incorrect HIV
diagnosis places a significant burden on the healthcare sys-
tem and individuals who are incorrectly diagnosed.34

In this study, 11.1% of children qualified for ART by CD4
count criteria who would have been ineligible using clinical
staging alone, and another 8.9% were ineligible for ART
by CD4 count and clinical stage under 2013 guidelines. A

FIGURE 2. Age distribution (A), CD4+ T cell absolute and CD4% (B, C) and HIV clinical stage (D) based on discharge diagnosis. Horizontal bars
denotemedian values. (A) Age distribution based ondischargediagnosis. Age differedbetweengroups (P< 0.01, Kruskal–Wallis test), driven by the
older age of children with tuberculosis and younger age of children with malnutrition. Children with meningitis were older than children with
malnutrition (multiplicity adjusted P < 0.04, Dunn’s Test), whereas children with tuberculosis were older than children with malnutrition (multiplic-
ity adjusted P < 0.01, Dunn’s Test). (B) CD4+ T lymphocyte absolute count based on discharge diagnosis. CD4 count differed between groups
(P = 0.05, Kruskal–Wallis test; although no significant difference was detected by post hoc Dunn’s test of multiple comparisons). Children with
tuberculosis had lowermedianCD4 count (272 cells/mL) than childrenwithmalnutrition (766 cells/mL) ormalaria (486 cells/mL,P = 0.04 andP = 0.02,
respectively using Mann–WhitneyU test). Note: scale of y axis is log10. (C) CD4+ T lymphocyte percent based on discharge diagnosis. CD4%did
not differ between groups (P = 0.04, Kruskal–Wallis; although no significant difference was detected by post hoc Dunn’s test of multiple com-
parisons). Because of changes in Queen Elizabeth Central Hospital (QECH) testing procedure, not all children had CD4%performed. Children with
tuberculosis had the lowestCD4%(11.4%). (D) HIV clinical stageanddischargediagnoses.HIV clinical stagedifferedbasedondischargediagnosis
(Chi-square, P < 0.01). Nearly all children with malnutrition, pneumonia, meningitis, tuberculosis, and sepsis had advanced clinical HIV disease
severity (stage 3 or 4), whereas 79.7% of children with malaria had mild or asymptomatic clinical HIV disease (stage 1 or 2).
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combined 20% of potentially ART-ineligible children in our
study would qualify for ART under 2015 guidelines, indicating
that a significant proportion of hospitalized children would
benefit from prompt HIV diagnosis if diagnostic algorithms are
improved and as a universal treatment strategy is adopted in
Malawi. This number is consistent with a prior study estimat-
ing an additional 17% of children were in need of ART after
eligibility expansion in 2010.35

As described in other studies, HIV clinical staging did not
correlate with immunologic parameters in our population.12,13

Malawi HIV staging guidelines classify children with refractory
malnutrition or severe bacterial infections as stage 3 or 4;
however, in sub-Saharan Africa, these conditions are com-
mon in children, and may not represent advanced HIV in-
fection.8 Acute illness, especially infection, is associated with
lower CD4 count, and could alter immunologic staging in the
inpatient setting.36,37 If universal ART is adopted, the limita-
tions of both immunologic and clinical staging to determine
ART eligibility in the pediatric inpatient setting would be
avoided.
Sepsis, pneumonia,malaria, andmalnutritionwere themost

common discharge diagnoses among newly diagnosed HIV-
infected children in this study. These diagnoses frequently
affect children under 5 years old and are common causes of
childhood morbidity and mortality in sub-Saharan Africa,
highlighting the benefit of universal HIV screening in the hos-
pital setting for all admitted patients, regardless of the reason
for hospitalization.38 The spectrum of clinical disease seen in
our study is similar to studies done before the implementation
of PMTCT efforts.18

Children diagnosed with tuberculosis, meningitis, and
malaria were older than children with other illnesses. Older
age of children presenting with tuberculosis may reflect the
duration of HIV infection,39 whereas older children present-
ing with malaria is consistent with prior observations that
HIV-infected children with severe malaria including cerebral
malaria are older than HIV-uninfected children with severe
malaria.40,41

Limitations. HIV testing of all admitted children was in-
complete, because of the limited schedule of trained HIV
counselors to perform pretest and posttest counseling and
testing in the hospital, or inability to obtain consent from an
appropriate guardian, as noted in similar settings.42 Those
children who died or were discharged before blood drawn for
testing were not included. Thus, we were unable to accurately
measure HIV prevalence or mortality in children admitted to
the hospital with newly diagnosed HIV. As recommended by
the WHO, a more accurate assessment of HIV prevalence in
pediatric populations is needed.43

We were unable to perform HIV RNA PCR in all children be-
cause of the inability to obtain sufficient volumes of blood. We
were thusunable tocalculate thesensitivityor specificityof the2-
RDT algorithm used in this study, and it is possible that a small
number of children who were included in the data analysis and
had CD4 testing but not HIV RNA PCR had falsely positive re-
sults. Results were statistically similar when analysis was per-
formed for only those subjects with detectable HIV DNA or RNA
PCR results, although there were no differences in CD4 count or
percent between diagnosis groups, possibly because of smaller
sample size (Supplemental Figure 1).
HIV screening of mothers of HIV RDT-reactive children and

delayed confirmatory convalescent HIV RDTs after complete

resolution of acute illness (when possible) are routinely per-
formedatQECH to identify potential false positive tests before
ART initiation. However, the results of this testing were not
available for this study. Further evaluation of the effect of this
practice on RDT PPV is needed.
In summary, HIV RDT algorithmsmay be suboptimal for HIV

diagnosis in hospitalized children in the setting of acute ill-
ness, falling HIV prevalence, and delayed seroreversion. ART
eligibility in pediatric inpatients can be influenced by acute
illness, with poor correlation between clinical and immuno-
logic staging. We estimate that 8.9% of the previously in-
eligible Malawian children aged ³ 5 years would qualify for the
treatment if the updated WHO guidelines are implemented.
Further study of pediatric HIV testing algorithms is needed in
low- and middle-income countries in the era of universal ART
eligibility.
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