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Abstract 
Children living with HIV should be diagnosed as early as possible and linked to antiretroviral 
treatment. The costs of HIV virological testing, individual and social implications of the disease 
require critical quality of the medical approach to diagnostic strategy. Socioeconomic data can be 
used to refine the medical decision. The objective of this analysis was to determine informative 
capacity of socioeconomic indices in the diagnosis and approach of HIV in severely malnourished 
children using receiver operating characteristic (ROC) curves. Materials and Methods: This was a 
test performance analysis conducted from data of severely malnourished children at an inpatient 
feeding therapeutic center in Ouagadougou. Anthropometric and social indices have been used as 
tests; their sensitivity, specificity and predictive values have been calculated. ROC curves and ar-
eas under curves were obtained. Medical decision aid scheme has been validated from severely 
malnourished children data. Results: Socioeconomic indices showed high performance to discri- 
minate severely malnourished HIV infected and uninfected children, with high area under ROC 
curves. The medical decision aid scheme specificity reached 97.6% with predictive values close to 
85%. Conclusion: This approach can help for expanding ART for children in low income countries 
and achieve the maximum ART benefits in child socioeconomic kneed context. 
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1. Introduction 
Despite international and in-country initiatives to accelerate elimination of mother-to-child HIV transmission, 
percentage of pregnant women who receive HIV testing and percentage of pregnant women living with HIV re-
ceiving ARV medicines for preventing mother-to-child transmission (PMTCT), remain very low in many low 
income countries, with a range of less than 37% to less than 48% (20% in Burkina Faso) [1]. In these countries, 
very few HIV-exposed infants have access to early diagnosis and to “timely” initiation of antiretroviral therapy 
(ART). Currently among HIV-exposed infants needing testing, only an estimated 15% are tested in the first two 
months of life [2]. The number of children receiving ART in low income countries increased in 2012 but, in 
West and Central Africa, ART coverage of children remain very low, less than 13% [2]. There is an urgent need 
to renew efforts for expanding ART for children to achieve the maximum ART benefits. There is a need to 
combine several approaches to identify greater numbers of children living with HIV. Many studies reported high 
HIV prevalence, more than 29% among severely malnourished children in sub-Saharan Africa [3]-[7]. Children 
living with HIV should be diagnosed as early as possible and linked to the treatment program to maximize ART 
benefits. It is strongly recommended that HIV serological assays be used as a screening assay to determine HIV 
exposure at less than 18 months of age and as a diagnostic assay at up 18 months of age; and it is strongly rec-
ommended that HIV virological testing be used to diagnose HIV infection in infants and children below 18 
months of age. In infants and children undergoing virological testing, the following assays are strongly recom-
mended for use: HIV DNA on whole blood specimen or dried blood spot (DBS); HIV RNA on plasma or DBS; 
and p24 Ag on plasma or DBS [8]. The costs of HIV virological testing, individual and social implications of the 
disease, request request from care providers a critical quality of the medical approach to diagnostic. Diagnostic 
approach is important for therapeutic success. At the contact point with a child, its socioeconomic data are the 
first sources of information before clinical and biological data. The information can be used to refine the medi-
cal decision for the purpose of HIV diagnosis. Diagnostic performance of a test is the sensitivity, specificity and 
predictive values. The objective of this analysis was to determine the informative capacity of socioeconomic in-
dices in the diagnostic approach of HIV in severely malnourished children using ROC curves. 

2. Materials and Methods 
2.1. Study Design and Sites 
This was a test performance analysis conducted from data of severely malnourished children hospitalized, be-
tween 1999 and 2005, at an inpatient feeding therapeutic center in Ouagadougou. 

2.2. Study Population 
The subjects were from under five old hospitalized severe acute (SAM) malnourished children. SAM diagnostic 
was based on severe wasting, as a weight-for-height below −3 SD or below 70% of median (NCHS reference) or 
the presence of nutritional oedema affecting both feet. All children include in the analysis were HIV status naive 
at admission. After admission, severely malnourished children’s parents (mothers and father) consent was ac-
quired for HIV diagnosis. When parents provided informed consent for HIV testing, the child’s blood sample 
was collected and identified by a single code and immediately transferred to laboratory for analyses. HIV vi-
rological testing was not easily accessible in our set-up.  

2.3. HIV Diagnosis 
After admission, severely malnourished children parents (mothers and father) consent was required for HIV di-
agnosis. When parents provided informed consent for HIV testing, the child blood sample were collected and 
identified by a single code and immediately transferred to Ouagadougou pediatric hospital laboratory for analy-
ses. Severely malnourished children 18 months or older have HIV serological testing performed according to the 
standard diagnostic HIV serological testing algorithm used. To reduce testing cost, for malnourished children 
below 18 months of age, a first level antibody tests (serological testing) was used and polymerase chain reaction 
(PCR) test was used when antibody test was positive. 

2.4. Study Sample Size 
Data of 481 severely malnourished children, tested for HIV have been included for analysis. 
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2.5. Data Collection 
Data were collected on admission by trained research nurses. Four social characteristics were considered: the 
death of one or both parents (father and/or mother); severe malnutrition relapse (re-admission for severe malnu-
trition); the child’s parents’ socioeconomic level (parental occupation and economic source were used, and two 
categories were established: low socioeconomic level and medium to high socioeconomic level); and the num-
ber of living children in the household. These variables were not part of the center admission criteria’s or of the 
HIV/AIDS diagnosis criteria’s, avoiding selection bias. 

For anthropometry: child age was determined using date of birth recorded from its mother pregnancy card and 
date of admission. Weight was measured in kg using recommended scale with a precision of 0.1 kg (100 g). 
Length of less than 2 years old child was measured in centimeters using length board (horizontal infantometer) 
with a precision 0.1 cm (1 mm) and height of 2 years or older child able to stand was measured in cm using 
height board (vertical stadiometer) with a precision 0.1 cm (1 mm). If the child was not able to stand for any 
reason, length was measured using length board. Oedema of both feet was automatically considered as severely 
malnourished case. Mid-upper arm circumference (MUAC) (cm) was recorded for children who had completed 
over 6 months of age. Anthropometrics indices were calculated and expressed on Z-score: weight-for-height 
(WHZ), weight-for-age (WAZ) and height-for-age (HAZ). 

2.6. Statistical Analyses 
Standard statistical methods were applied. We used Pearson’s Chi square test or Fisher’s exact test to com-
pare proportions; and Student’s independent t-test to compare means. The data were analyzed using SPSS soft-
ware. 

Anthropometric and social indices have been used as tests. The diagnostic performance and quality of each 
indice were based on its sensitivity (Se), specificity (Sp), predictive values. Sensitivity expresses the conditional 
probability of a positive “test” if the disease (HIV infection in this case) was present and the specificity is the 
probability of a negative “test” between severely malnourished children not infected by HIV. Sensitivity and 
Specificity with their 95% confidence interval (95% CI) indicate the intrinsic qualities of each test and positive 
and negative predictive values express the extrinsic qualities of the test.  

Receiver Operating Characteristic (ROC) curves were obtained by plotting the proportion of true positives or 
Sensitivity of a diagnostic test (in our case it is the proportion of positives test among HIV infected severely 
malnourished children) against the proportion of false positives (1-Sp) (the proportion of positive test among 
non HIV infected severely malnourished children). The diagonal line of the graph represents the “chance line”. 
More the curve is above the diagonal better is the performance of a diagnostic test for discriminating severely 
malnourished children HIV infection.  

ROC curves have been plotted using SPSS software. The area under the curve that reflects the performance of 
a “test” and its 95% confidence interval 95% has been estimated. 

For anthropometrics indices, ROC curves were established using −3 DS cutoff for WHZ, HAZ and HAZ, and 
two cutoffs, 110 and 100 mm for MUAC. Only socioeconomic variable statistically associated to HIV infection 
was used for combining on different socioeconomic indices.  

In the first stage, four Socioeconomic indices were obtained from four logistic regression models: indice1: 
child father and/or mother recent death + child severe malnutrition relapse + child parents Socioeconomic level; 
indice2: child father and/or mother recent death + child severe malnutrition relapse; indice3: child father and/or 
mother recent death + child parent Socioeconomic level; indice4: child severe malnutrition relapse + child par-
ents Socioeconomic level. Probabilities predicted by logistic model were used to estimate the area under the 
corresponding ROC curve.  

In a second stage, same variables combinations were used to obtain idem four Socioeconomic indices based 
on a simple addition score using rating “yes” (variable presence) = 1 and “No” (variable absence) = 0. Areas 
under the ROC curves were also estimated and compared with those obtained from logistic regression models. 
This method allowed the prioritization of socioeconomic indices and determining a cutoff for severely malnour-
ished children classification as positive (“at risk HIV infected”) or negative not (“at risk HIV infected”) at ad-
mission. 

A medical decision aid scheme to purpose strongly HIV diagnosis to severely malnourished children at ad-
mission has been established, data of 211 severely malnourished children have been used for validation. 
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3. Results 
From the 481 severely malnourished, hospitalized children, 16.8% were HIV infected at admission. 

At admission, between severely malnourished HIV infected and uninfected children, anthropometrics indices 
differed significantly for WHZ (p = 0.004), WAZ (p = 0.002), MUAC (p = 0.001); severe malnutrition relapse 
(p < 0.001) and child parents socioeconomic level (<0.001) (Table 1). 

Based on areas under ROC curves, performance of  anthropometrics indices to discriminate severely mal-
nourished HIV infected and uninfected children was low and the proportion of false positives (1-Sp) was high 
(Table 2). Socioeconomic indices from logistic regression model and from simple addition score showed 
equivalent high performance to discriminate severely malnourished HIV infected and uninfected children, with 
high area under ROC curve (Table 2, Figures 1 and 2). 

With appropriate cutoff, Socioeconomic indices showed high specificity (low proportions of false positives) 
(Table 3). 

For the validation, the medical decision aid scheme to purpose strongly HIV diagnosis to severely malnour-
ished children at admission built from socioeconomic indices leads to propose strongly HIV diagnosis to 26 
(12.32% ) on 211 severely malnourished children (Figure 3). The specificity of this diagnostic approach reached 
97.6% and the proportion of false positives was low (2.4%), positive and negative predictive values are close to 
85%. 

4. Discussion 
Despite large efforts, many children continue to be infected with HIV and not identified without receiving 
timely and efficient treatment. Both, community and intra-hospital severe malnourished children management 
program, offer opportunity to children ART coverage increasing, especially for under five old. Significant num- 
ber of HIV diagnosis naïve infants is received in these programs. But as showed, anthropometric indices are not 
significantly discriminative for severely malnourished children HIV infection diagnosis. It has been established 
that HIV can lead early to a nutritional deficiency [9] [10], but analyzes did not show performance of anthro- 
pometric indices to discriminate severely malnourished HIV infected and uninfected children [11]. Socioecono- 
mic indices showed more high performance in discriminating severe malnourished children HIV infected to un- 
infected children. Combined, these indices could be used in the medical decision to strongly purpose biological  
 
Table 1. Severely malnourished HIV infected and uninfected children age and anthropometrics indices comparison at ad-
mission.                                                                                               

 HIV infected p HIV uninfected 

Age (month) (n) 
Mean (SD) 

81 
17.54 (10.21) 

 
0.60a 

400 
18.20 (10.41) 

WHZ (n) 
Mean (SD) 

78 
−3.69 (0.68) 

 
0.004a 

377 
−3.40 (0.82) 

WAZ (n) 
Mean (SD) 

70 
−4.50 (0.78) 

 
0.002a 

347 
−4.17 (0.81) 

HAZ (n) 
Mean (SD) 

370 
−2.77 (1.25) 

 
0.16a 

75 
−2.99 (1.20) 

MUACb (n) 

Mean (SD) 
74 

9.59 (1.22) 
 

0.001a 
385 

10.12 (1.27) 

At least child one parent death (n) 
Yes 

48  
35.4% 

 
<0.001c 

178 
9.6% 

Severe malnutrition relapse (n) 
Yes 

47  
44.7% 

 
< 0.001c 

178 
6.2% 

Child parents Socioeconomic level (n) 
Middle to high  

45 
60.0% 

 
<0.001c 

165 
26.1% 

One living child (n) 
Yes 

48  
45.8% 

 
0.18c 

178  
34.8% 

at test, b≥ 6 months old, cχ2 test. 
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Table 2. Area under ROC curves for anthropometrics indices and socioeconomic indices.                              

 Area under ROC curve SEb 95%CI 

Anthropometrics indices 

WHZ 0.595 0.033 0.530 - 0.660 

WAZ 0.622 0.037 0.549 - 0.694 

HAZ 0.556 0.036 0.486 - 0.626 

MUAC (cm) 0.605 0.034 0.538 - 0.672 

Socioeconomic indices(logistic regression) 

Child father or mother death (death F/M)a 0.629 0.049 0.533 - 0.726 

Indice1  0.842 0.039 0.766 - 0.918 

Indice2  0.780 0.043 0.695 - 0.865 

Indice3  0.758 0.044 0.671 - 0.845 

Indice4  0.771 0.044 0.684 - 0.857 

Socioeconomic indices (scored by addition) 

Indice1  0.822 0.039 0.745 - 0.898 

Indice2  0.772 0.043 0.688 - 0.857 

Indice3  0.747 0.044 0.661 - 0.833 

Indice4  0.758 0.044 0.672 - 0.844 
aVariable considered alone; bSE = standard Error, indice1: child father and/or mother recent death + child severe malnutrition relapse + child parents’ 
socioeconomic level; indice2: child father and/or mother recent death + child severe malnutrition relapse; indice3: child father and/or mother recent 
death + child parent socioeconomic level; indice4: child severe malnutrition relapse + child parents’ socioeconomic level. 
 
Table 3. Sensitivity (Se), false positive (1-Sp), positive predictive value (VPP) and negative predictive value (NPV) of an-
thropometric indices and socioeconomic indices at different cutoff.                                                  

  Se (%) 1-Sp (%) PPV (%) NPV (%) 

Anthropometrics indices Cutoff     

WHZ −3  87.2  69.2 20.4 92.2 

WAZ −3  98.7 92.9 17.8 96.4 

HAZ 
100 mm 66.2 52.2 19.6 88.0 

110 mm 90.5 83.1 17.3 90.3 

Socioeconomic indices (scored by addition) 

Child father or mother death (death F/M)a  9.6 35.4 50.0 16.1 

Indice1  2 4.5 0.6 66.7 79.6 

Indice2  2 12.8 0.6 85.7 81.2 

Indice3  2 17.8 0.6 88.9 81.6 

Indice4  2 27.3 1.8 80.0 83.5 
aVariable considered alone; bSE = standard Error, indice1: child father and/or mother recent death + child severe malnutrition relapse + child parents’ 
socioeconomic level; indice2: child father and/or mother recent death + child severe malnutrition relapse; indice3: child father and/or mother recent 
death + child parent socioeconomic level; indice4: child severe malnutrition relapse + child parents’ socioeconomic level. 
 
test for HIV diagnosis, especially virological testing for less than 18 months old. Used variables for the socio- 
economic indices are simple, can be easily obtained, from child parent or guardian. Care givers did not need spe- 
cific training or material to collect these routinely data. The error risk is limited (no systematic measurement er-
ror, reliable source of information). These indices can help to identify most vulnerable children and prepare HIV 
biological testing process, including positive result announcement process, and context to efficiency ART initia-  
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Figure 1. ROC curves for socioeconomic indice1 and indice3 (from lo-
gistic regression).                                             

 

 
Figure 2. ROC curves for socioeconomic indice1 and indice3 (from 
simple addition score).                                        

 
tion for the children. The used social indices express HIV impact on individuals and households. In the family, 
parent’s death lead to orphan situation and must be considered in ART initiation. For the socioeconomic status, 
it has been reported that HIV affects more adults with better socioeconomic status [12] [13]. 

Other variables could be used to estimate the risk of severely malnourished children to be HIV infected or not: 
positive HIV status of his parents; long course infectious disease of parents, including brotherhood. However,  
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Figure 3. Classification of severely malnourished children at admission as positive (HIV infected) or 
negative (HIV uninfected) using Socioeconomic indices. Sensitivity (Se), Specificity (Sp), Positive Pre- 
dictive Value (PPV) and Negative Predictive value (NPV).                                       

 
experience shows that all these relevant information’s are not readily obtained at the first medical contact.  

HIV diagnosis testing is the first step for ART. It is essential to know context under which this ARV will be  
done. Using a performed socioeconomic indices scheme offers this advantage and help to focus on severely 
malnourished children at most risk to be HIV infected. 

5. Conclusion 
With appropriate cutoff, socioeconomic indices showed high specificity to discriminate, at admission, severely 
malnourished HIV infected to uninfected children. The medical decision aid scheme to purpose strongly HIV 
diagnosis to severely malnourished children at admission, built from socioeconomic indices, showed high speci-
ficity and high positive and negative predictive values. This approach can help for expanding ART for children 
in low income countries and achieve the maximum ART benefits in child socioeconomic kneed context. 
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