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ABSTRACT

Objective To develop a clinical algorithm to identify
paediatric patients who should be offered HIV testing

in a setting of moderate HIV prevalence and limited
resources.

Methods In a prospective cross-sectional study at Port
Moresby General Hospital, Papua New Guinea, carers

of inpatients were offered HIV testing and counselling
for their children. Recruited children were tested for HIV
antibodies and DNA. Standardised clinical information
was collected. Multivariate regression analysis was used
to ascertain independent predictors of HIV infection and
these were used to develop a predictive algorithm.
Results From September 2007 to October 2008, 487
children were enrolled. Overall, 55 (11%) with a median
age of 7 months were found to be HIV-infected. In mul-
tivariate analysis, independent predictors of HIV infec-
tion were: persistent fever (OR = 2.05 (95% Cl 1.11 to
4.68)), lymphadenopathy (OR = 2.29 (1.12 to 4.68)), oral
candidiasis (OR = 3.94 (2.17 to 7.14)) and being under-
weight for age (OR = 2.03 (1.03 to 3.99)). The presence
of any one of these conditions had a sensitivity of 96% in
detecting a child with HIV infection. Using an algorithm
based on the presence of at least one of these condi-
tions would result in around 40% of hospitalised children
being offered testing.

Conclusions This clinical algorithm may be a useful
screening tool for HIV infection in hospitalised children in
situations where it is not feasible to offer universal HIV
testing, providing guidance for HIV testing practices for
increased identification and management of HIV-infected
children in Papua New Guinea.

INTRODUCTION
WHO guidelines for HIV testing recommend
routine provider initiated HIV testing and coun-
selling (PITC) for all patient groups including
children presenting to hospital medical wards
and outpatient facilities in countries experienc-
ing generalised epidemics.! Early diagnosis of HIV
infection in children is important as it provides
the pathway to appropriate care, treatment and
support.? 3 Studies from resource limited settings
report significant reductions in disease progres-
sion and mortality when HIV-infected infants and
children receive cotrimoxazole preventive therapy
(CPT) and antiretroviral therapy (ART).4-¢

Papua New Guinea (PNG) is one of the worst
affected countries in the Asia-Pacific region with
an HIV prevalence estimated to be 2% in a pop-
ulation of roughly six million.” An earlier retro-
spective study at Port Moresby General Hospital
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What is already known on this topic

» Difficulties in HIV diagnosis in the paediatric
population represent a significant barrier to
access to antiretroviral therapy in resource
limited settings.

» Risk-based offering of testing in high preva-
lence, resource limited settings has been inad-
equate to prevent HIV-related mortality.

» The WHO has recently recommended provider
initiated HIV testing and counselling for all
patient groups in resource limited settings.

What this study adds
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» Independent predictors of HIV infection in
hospitalised children were: persistent fever,
lymphadenopathy, oral candidiasis and being
underweight for age.

» An algorithm based on the presence of at least
one of these conditions would offer HIV testing
to 40% of hospitalised children, with a sensi-
tivity of 96% for detecting children with HIV
infection.

» This clinical algorithm may be a useful screen-
ing tool for HIV infection in hospitalised chil-
dren in situations where it is not feasible to
offer universal HIV testing.

(PMGH) which is located in the capital city of
PNG, indicated that only 4% of paediatric inpa-
tients were being tested for HIV infection.® The
aim of this prospective study was to identify
clinical conditions predictive of HIV infection,
to develop an algorithmic clinical screening tool
with a high sensitivity to help guide HIV testing
at PMGH and to determine the likely impact of
such a tool on HIV testing practice.

METHODS

Participants were recruited from the PMGH pae-
diatric wards. Exclusion criteria were previously
confirmed HIV positive serostatus in children
aged 2 years old or greater, or prior receipt of
ART. Carers were approached by the study nurses
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between 8 am and 5 pm on weekdays. Recruitment days were
based on the availability of the study nurses. The study was
explained to the carers according to a written informed con-
sent form and they were asked if they would like the children
in their care to participate. If carers needed time to make a
decision, the nurses returned to them later the same day or
on the following day. In order to limit selection bias, testing
was only offered to all patients who had been admitted within
the preceding 24 h on a day of recruitment. Because of time
constraints recruitment stopped once 10 children had been
enrolled on a given day. Demographic and clinical data were
collected using a standardised proforma.

All children were tested for HIV antibodies and for proviral
DNA. Clinical history and blood samples were obtained by
paediatric nurses who were also trained in counselling. If test-
ing was refused following pretest counselling, children were
withdrawn from further participation. Physical examination
was carried out by the paediatric ward doctors. Information
about the inpatient population from which the study popu-
lation was drawn was collected from the ward record book
containing data (age, sex, admission and discharge dates, and
diagnoses) extracted by the ward clerks from the clinical notes
after patients were discharged.

Serum samples were collected according to standard proce-
dures at PMGH and tested locally for antibodies. These local
serology tests were not used in the study analysis but provided
a rapid result to guide and optimise immediate clinical care.
Dried blood spot collection followed published guidelines.” 10
Samples were transported to Sydney, Australia and analysed
for HIV antibodies using antibody ELISA Genetic Systems
rLAV EIA HIV-1 enzyme immunoassay (Biorad, Marnes La
Coquette, France) followed by western blot confirmation with
Biorad New LAV Blot HIV-1 immunoblot (Biorad Marnes, La
Coquette, France), and for proviral DNA using Amplicor HIV-1
test version 1.5 (Roche, USA).

Physical examination was standardised using definitions
based mainly on the WHO/UNICEF Integrated Management
of Childhood Illness clinical case definitions.!* Hepatomegaly
and splenomegaly were further defined according to other
published articles.'>"* The 2006 WHO Child Growth refer-
ence standards weight-for-age Z scores were used to define
children as underweight for age.’

Data were analysed using STATA Release 10.0 (StataCorp
LP, College Station, Texas, USA) and SPSS V.15.16 17

Univariate and multivariate logistic regression analyses
were conducted on the whole study population to obtain
p values, OR and 95% CI for variables predictive of HIV infec-
tion. First, the univariate associations between the indepen-
dent variables and HIV status were analysed. For multivariate
modelling, the same covariates were considered. Then the
step-forward technique was used to reach the final model, in
which factors with the smallest p value were added one at
a time until all predictors in the model were significant at a
p value of <0.05.

Once the final model was defined, an algorithm to iden-
tify children as having suspected symptomatic HIV infec-
tion based on the presence of one or more clinical conditions
independently associated with HIV infection was constructed
and evaluated by application to the study cohort in two ways.
First, sensitivity, specificity and related measures were calcu-
lated as indicators of diagnostic properties in the full study
population. Because this validation was based on the same
population from which the algorithm was developed, a sec-
ond validation was carried out using the split-sample method
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to develop a risk equation and internal validation.'® ¥ The
study population was randomly allocated to a development
sample set (50.7% of the population) and a validation sample
set (49.3% of the population). Logistic regression was used to
develop the prediction algorithm in the development set, and
its accuracy was then assessed in the validation set using the
same statistical methods described above for the full study
population analysis.

Ethics approval for this study was granted by the Medical
Research Advisory Committee, PNG, and the University
of New South Wales Human Research Ethics Committee,
Australia.

RESULTS

During the study period from September 2007 to October
2008, 487 children were enrolled, representing 9% of
all inpatients in the period. Information on age or gender
was missing for seven and two children, respectively. The
median age of the enrolled children was 11 months (range
1-135 months). Male children represented 53% of the study
population. Fever and clinical signs consistent with pneu-
monia and malnutrition were the most common presenting
clinical syndromes, occurring in approximately 35% of the
study population.

Detailed clinical information was not collected from carers
who had refused testing. However, admission diagnoses of
the overall inpatient population in the ward record book were
compared with selected clinical characteristics of the children
recruited. The most common clinical symptoms and signs in
the study population reflected the clinical symptoms and signs
of the most common admission diagnoses of malnutrition,
pneumonia and tuberculosis (TB).

A total of 55 (11%) had HIV infection. The median age for
HIV-infected children was 7 months (range 1-80 months) and
their gender distribution was equal. Information about mater-
nal HIV status was collected for 388 women out of whom 88
were aware of their HIV status and of these 15 knew they were
HIV positive. Ten HIV positive children were born to these
women who were aware of their positive status.

Prediction of HIV infection in the full sample

On univariate analysis, there was a significant association
between HIV infection and a clinical history of chest infec-
tion, persistent fever or chronic ear infection (table 1). Physical
examination features associated with HIV infection on uni-
variate analysis (table 2) were underweight for age, fever,
wasting, lymphadenopathy, oral candidiasis and hepatomeg-
aly. Multivariate regression analysis showed that four clinical
features (persistent fever, lymphadenopathy, oral candidiasis
and being underweight for age) were independently associated
with HIV infection (tables 1 and 2).

Based on these four conditions, the algorithm illustrated in
figure 1 was defined to predict HIV infection. The sensitiv-
ity, specificity and positive predicitive value of these clinical
conditions applied to the whole study population are shown
in table 3. The proportion of children with HIV infection in
the study population who were correctly identified as HIV-
infected by different numbers of conditions is indicated in the
last column of table 3.

The definitions used for the clinical conditions found to be
associated with HIV infection on univariate and multivariate
analysis are indicated in table 4. Other clinical definitions used
in this study are detailed in appendix 1.
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Table 1 Univariate and multivariate relationship between clinical history and HIV status for the study population
Univariate Multivariate
n (%) OR (95% CI) p Value OR (95% CI) p Value
Recent chest infection No 367 (75) 1 - - -
Yes 120 (25) 1.90 (1.04 to 3.43) 0.034 - -
Two or more episodes of diarrhoea in the last 3 months No 369 (76) 1 - - -
Yes 118 (24) 0.96 (0.50 to 1.86) 0.913 - -
Persistent diarrhoea in the last 3 months No 349 (72) 1 - - -
Yes 138 (28) 1.26 (0.69 to 2.31) 0.444 - -
Fever for a month or more No 365 (75) 1 - 1 -
Yes 122 (25) 2.21(1.23 t0 3.97) 0.008 2.05(1.11 to 4.68) 0.022
Poor appetite No 260 (53) 1 - - -
Yes 227 (47) 1.21(0.69t0 2.13) 0.498 - -
Chronic ear infection No 462 (95) 1 - - -
Yes 25 (5) 6.18 (2.62 to 14.56) <0.0001 - -
Past or present tuberculosis No 393(81) 1 - - -
Yes 94 (19) 1.50 (0.78 to 2.89) 0.222 - -
Close tuberculosis contact No 324 (67) 1 - - -
Yes 163 (33) 1.63(0.92 t0 2.87) 0.092 - -
Currently being breast fed No 212 (44) 1 - - -
Yes 2175 (56) 0.84 (0.48 t0 1.48) 0.553 - -

Table 2 Univariate relationship between physical examination and HIV status for the study population

Univariate Multivariate
n (%) OR (95% CI) p Value OR (95% CI) p Value
Weight (N = normal*, U = underweight for age) N* 195 (40) 1 - 1 -
U 292 (60) 2.35(1.23 to 4.51) 0.010 2.03(1.03 t0 3.99) 0.040
Fever No 290 (60) 1 - - -
Yes 197 (40) 1.75 (0.998 to 3.08) 0.051 - -
Severe muscle wasting No 345 (71) 1 - - -
Yes 142 (29) 2.24(1.27 t0 3.97) 0.006 - -
Oedema of both feet No 469 (96) 1 - - -
Yes 18 (4) 0.45(0.59 to 3.47) 0.445 - -
Enlarged lymph glands No 418 (86) 1 - 1 -
Yes 69 (14) 2.34(1.20 to 4.57) 0.013 2.29(1.12 t0 4.68) 0.022
Oral candidiasis (oral thrush) No 363 (75) 1 - 1 -
Yes 124 (25) 3.96 (2.22 to 7.04) <0.0001 3.94(2.17 to 7.14) <0.0001
Parotid swelling No 481 (99) 1 - - -
Yes 6(1) 4.04(0.72 to 22.6) 0.112 - -
Hepatomegaly No 448 (92) 1 - - -
Yes 39(8) 3.09(1.41 t0 6.75) 0.005 - -
Splenomegaly No 443 (91) 1 - - -
Yes 44 (9) 1.56 (0.66 to 3.69) 0.314 - -
Skin infection No 410 (84) 1 - - -
Yes 77 (16) 1.78 (0.91 to 3.50) 0.095 - -
Swollen abdomen consistent with kwashiorkor No 456 (94) 1 - - -
Yes 31 (6) 1.56 (0.57 to 4.24) 0.383 - -
Signs of consolidation No 292 (60) 1 - - -
Yes 195 (40) 1.65 (0.94 to 2.89) 0.083 - -
Infected umbilicus No 479 (98) 1 - - -
Yes 8(2) 2.68(0.53 to 13.51) 0.235 - -
Neurological dysfunction No 467 (96) 1 - - -
Yes 20 (4) 0.40(0.053 t0 3.07) 0.380 - -

*29 (4%) of the cohort had missing weight data, this was not excluded but was included in the ‘normal” weights for this analysis.

Split-sample analysis
The results of this analysis are published in the online version
of this article.

DISCUSSION
In this first prospective investigation of clinical predictors of
HIV infection in children in PNG, nearly 500 children were
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successfully enrolled. The study population is not represen-
tative of the general paediatric population in PNG with the
findings being applicable only to hospital settings. Difficulties
in confirming diagnosis of common and important causes of
morbidity such as TB and differentiation from pneumonia
represent limitations despite the clinical case definitions used
in the study. Furthermore, an age stratification analysis would
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Table 3 Algorithm based on multivariate model applied to study population—sensitivity, specificity and

PPV

Number of specific

Number of inpatients
during study period
with specific clinical

clinical features Sensitivity Specificity PPV conditions (%)
None - - - 1231 (23)

At least 1 96.3 25.0 14.0 2195 (41)

At least 2 67.3 67.1 20.7 1445 (27)

At least 3 29.1 92.6 333 482 (9)

At least 4 - - - 53 (1)

PPV, Positive predictive value.

Does the child have at least one
of the following clinical features?

[

. Low weight for age
. Persistent fever (for a month or more)

. Enlarged lymph nodes in one or more
of the following regions — neck,
axillae, groin

w N

4. Evidence of oral candidiasis (oral
thrush)

— T

Yes No

l l

Suspect
Symptomatic HIV
Infection

Symptomatic HIV
infection
unlikely

.

No HIV test at present

Test child for HIV infection

- Antibody Testing If 219 Months Old

- PCR DNA/RNA tesing if between 6 weeks and 18
months old

Figure 1 Proposed algorithm.

have further delineated the clinical features predictive of HIV
infection but was not feasible with our sample size. An addi-
tional limitation of this study is that the data set is a derived
and not validated data set.

A definitive algorithm was chosen based on multivariate
associations minimising the impact of correlations among
clinical conditions. The ideal clinical algorithm to identify
children with suspected HIV infection should have high sensi-
tivity and specificity as well as being intuitive and easy to use.
While specificity can be compromised to some extent, sensi-
tivity should be as high as possible to minimise the number of
children with HIV infection who might be missed.

The authors relied on the algorithm developed using mul-
tivariate regression analysis with the full study population as
the definitive algorithm as it had acceptably high sensitivi-
ties and specificities. The circularity of developing and test-
ing this algorithm in the same population is acknowledged.
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The authors were nevertheless encouraged by the similarity
between the OR estimated in the split-sample analysis, and
those used to develop the final algorithm.

A previously reported retrospective study,® showed that
approximately 4% of inpatients had been tested for HIV infec-
tion in a 12-month period in 2006; of these approximately
25% were found to be HIV-infected. In this prospective study,
approximately 9% of inpatients were tested in a similar time
period in 2007/2008 and 11% were HIV-infected. Consistent
with findings from other resource limited settings,>02° a
number of clinical conditions were significantly associated
with HIV infection including recent chest infection, persis-
tent fever, ear infection, oral candidiasis, lymphadenopathy,
hepatomegaly and malnutrition. Defining lymphadenopathy
as two or more separate anatomical sites would have been
more specific for generalised l[ymphadenopathy related to HIV.
However to maximise the simplicity of data collection in this
study it was defined as lymphadenopathy in any site. Chronic
ear infection was not retained in the multivariate model most
likely because it was found in only a small number (5%) of
children in the study.

Considering an algorithm based on presentation with at
least two of the designated clinical conditions, sensitivity and
specificity were equal and moderate at 67%. The study popu-
lation is representative of the ward population, and this would
result in just over a quarter of admitted children being tested.
With testing offered based on the presence of any one of the
designated conditions according to the proposed algorithm
(figure 1), the sensitivity of the algorithm increased to 96%,
but the specificity dropped to 25%.

Previous studies have shown risk-based offering of testing
to be inadequate to prevent HIV-related mortality in paediat-
ric patients because of rapid disease progression and symptom
overlap; these studies have been carried out in high prevalence,
resource limited settings in Africa.?-3! There are inherent eco-
nomic and logistical constraints on implementing a policy of
routine testing in all resource limited settings including PNG.
Routine testing of hospitalised children has been implemented
successfully in African countries, for example, as recently
reported in Lusaka, Zambia.??

The HIV prevalence of 11% recorded in this study sup-
ports an opt-out testing strategy as recommended by WHO.
Additionally routine testing reduces associated stigma and
increases acceptability of testing. It may be even less time
consuming for healthcare workers, in some circumstances, to
practice universal informed testing rather than selective test-
ing based on clinical features. Despite the advantages of the
opt-out testing approach, the resource implications of offering
universal testing at PMGH remain a barrier to implementation.
The algorithm developed in this study would allow the vast
majority of cases of HIV infection to be detected by testing

Arch Dis Child 2011;96:67—72. doi:10.1136/adc.2009.179143

"yBuAdod Ag palosioid 1senb Ag 20z ‘0T [Mdy uo /wod fwg-ope//:dny woiy papeojumod ‘0TOZ J8qWIBAON Z U0 £4T6.T 6002 9P€/9ETT 0T Se paysiignd 1sii :pjiyd sid yaiy


http://adc.bmj.com/

Original article

Table 4 Definitions of clinical conditions associated with HIV
infection in the study population

Clinical event Clinical definition

Chest infection Lower respiratory tract infection—severe (including
pneumonia and bronchiolitis): cough with fast breathing,
chest indrawing, nasal flaring, wheezing and grunting.

Crackles or consolidation on auscultation

Documented axillary temperature greater than 37.2°C
lasting for a month or more

Painful swollen eardrum and/or ear discharge lasting for
14 days or more

Weight for age Z score less than or equal to —2 SD (2006
WHO Child Growth reference standards). Severely under-
weight is defined as a weight for age Z score less than or
equal to —3 SD but for the purpose of this study analysis
both underweight and severely underweight children were
grouped together as ‘underweight’

Visible severe wasting of muscles

Swollen or enlarged lymph nodes greater than 1 cm in neck
axilla or groin

After 6-8 weeks of age: creamy white to yellow soft small
plagues which can be scraped off (pseudomembranous
form) or red patches on tongue, palate or lining of mouth
usually painful or tender (erythematous form)

Persistent fever

Chronic ear infection
(otitis media)
Underweight

Wiasting
Lymphadenopathy

Oral candidiasis
(oral thrush)

around 40% of admissions. This would represent a 10-fold
increase in the proportion of paediatric inpatients tested at
PMGH prior to this study.

A considerable proportion of HIV exposed but uninfected
infants lose maternal HIV antibodies before the age of 9
months33 34, On this basis, rapid antibody testing has been used
with success in countries such as Uganda to exclude HIV infec-
tion in infants, thereby reducing by 35% the need for HIV PCR
testing.3® This approach was not explored in this study as the
aim was to develop a simple screening tool based on clinical fea-
tures rather than laboratory parameters (including the mother’s
HIV status) for guiding the decision about HIV testing.

Another strategy to screen maternally HIV exposed infants
fora further DNA PCR test has been developed in Zimbabwe.36
This approach stratifies infants according to weight-for-age
thresholds and uses this as a basis for deciding whether or not
to carry out DNA PCR testing. While this strategy uses clini-
cal features rather than a laboratory test and is notable for its
simplicity, it would currently be of limited value in PNG as the
findings from this study have indicated that the majority of
women are unaware of their HIV status. Known maternal HIV
infection was associated with a child being HIV positive, but
the numbers of mothers that knew their HIV status was too
small to allow comparison of features between those children
with or without HIV positive mothers.

There has been progress in improving knowledge of mater-
nal HIV status in PNG since the time of this study. The current
national policy for antenatal clinics is for PITC with an ‘opt-
out’ option. However, barriers to this process include access to
antenatal clinics. While approximately 60% of women nation-
wide access antenatal care atleast once during their pregnancy,
the necessary tests may not be available in rural clinics and
referral is difficult if a problem is discovered.®” Furthermore,
of particular importance with respect to preventing mother-
to-child transmission (PMTCT), only 38% of women in PNG
have a professionally supervised birth%’

Routine antenatal screening for HIV with provision of mater-
nal ART, screening for TB, PMTCT, CPT for HIV exposed
infants and early ART for HIV-infected infants remains the
desirable integrated intervention that would dramatically

Arch Dis Child 2011;96:67—72. doi:10.1136/adc.2009.179143

reduce the burden of HIV-related morbidity and mortality in
children. The clinical approach to identification of HIV infec-
tion as outlined in this study depends on the presentation of
symptomatic disease. Clinical presentations such as oral can-
didiasis and wasting have been identified as independent risk
factors for poor survival.3® This has negative implications for
selective screening based on clinical criteria in that a child
would have to have an immune system severely compromised
by HIV infection to display recognisable symptoms and uni-
versal screening of all hospitalised children for HIV infection
would, in contrast, most certainly identify asymptomatic
children.

The authors have successfully developed a clinical algorith-
mic tool to guide PITC for hospitalised children. While univer-
sal screening as recommended by the WHO is preferable, an
algorithmic screening tool to guide PITC in hospitalised chil-
dren is relevant and useful in a resource limited setting with
moderate HIV prevalence. This tool would increase testing of
paediatric inpatients 10-fold compared to current practice and
would facilitate earlier detection of HIV infection and earlier
access to treatment for almost all HIV-infected children pre-
senting to the facility.
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