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Abstract

Objective: To analyze total lymphocyte count, total leukocyte count, hemoglobin levels, nutritional status, CD4+

T-lymphocyte count and viral load as markers of disease progression and/or death in HIV-infected children.

Methods: This retrospective cohort study assessed antiretroviral naïve HIV-infected children who were

asymptomatic or hadmild and/or moderate symptoms. The events of interest were: progression to clinical category C

(according to the classification of the Centers for Disease Control and Prevention – CDC, 1994) or death. Values of total

leukocyte count, total lymphocyte count, hemoglobin, weight-for-age z score, CD4+ T-lymphocyte count and plasma

viral load obtained at admission were considered in the risk analysis of events of interest. The population was stratified

into age groups: < 12, ≥ 12 to < 36, ≥ 36 to < 60 months.

Results: One hundred and twenty patients, admitted between 1997 and 2003, met the inclusion criteria for the

present study. The total median of follow-up duration was 7.4months (25-75% interquartile range = 3.8-21.1). In the

multivariate analysis, only CD4+ T-lymphocytes count, according to the categories of the World Health Organization,

and weight-for-age z score ≤ -2 were predictors of risk for disease progression in children older than 12 months. In

children younger than 12 months, none of the variables was associated with risk of progression.

Conclusion:Nutritional status isan importantaspect in theassessmentof riskofdiseaseprogression inHIV-infected

children older than 12 months.
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Introduction

The use of highly active antiretroviral therapy resulted in

significant improvement of mortality, morbidity and quality

of life indicators of children infected with human immunode-

ficiency virus type 1 (HIV-1).1-3 The decision of starting anti-

retroviral therapy is based on clinical and laboratory

parameters.4-7 Laboratory parameters, CD4+T-lymphocytes

count (CD4+TL) andplasmaviral count ofHIV, require sophis-

ticated and expensive technology that is not easily available

in developing countries. However, approximately 90% of the
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individuals infectedwithHIV live in these countries. TheWorld

HealthOrganization (WHO) recommends starting the antiret-

roviral therapy at clinical stages 3 and 4 for all children older

than 1 year in settings where laboratory tests are not

available.8

Inexpensive markers of progression derived from easily

obtainedparameters, such as blood test or nutritional assess-

ment, can be useful for the follow-up of HIV-infected children

living in regionswhere the access tomore sophisticated labo-

ratory methods is not available before the infection progres-

sion is clinically detectable. Due to the spread of the epidemic

to the countryside inBrazil, such scenario canbe found inBra-

zilian small towns distant from the reference centers and/or

metropolitan areas.9

A meta-analysis of studies involving children evidenced

that, for similar levels of plasma viral load and CD4+TL, the

younger the child the higher the risk of disease progression

or death.7 Therefore, the virologic and immunologic values to

be considered as criterion for starting antiretroviral therapy

vary according to age groups. A later analysis of the same

population assessed the total lymphocyte count (TLC) as

marker of risk for disease progression or death in 12 months

and analyzed the validity of cutoff points used at the time for

initiation of antiretroviral therapy.10 TLC was a good predic-

tor of the risk of protection and/or death despite a weak cor-

relationwithCD4(r=0.08-0.19), and the cutoff points initially

recommended by the WHO in 2003 were not appropriate to

assess the risk of disease progression. New cutoff points of

TLC for four different age groups (< 12 months, 12 to 36

months, 36 to 60 months and > 60 months) were then rec-

ommended for initiation of antiretroviral therapy.11 However,

it is important to highlight that such parameters derived from

a study involving children from developed countries.

The objective of the present studywas to analyze the use-

fulnessof TLC, total leukocyte count, hemoglobin levels, nutri-

tional status (weight-for-age and height-for-age z scores),

CD4+TL count and plasma viral load as markers of disease

progression and/or death, defined as progression for cat-

egory C of the Centers for Disease Control and Prevention –

CDC, 1994.

Methods

This is a retrospective cohort study conducted at the Cen-

ter of Training and Reference in Infectious and Parasitic Dis-

eases Orestes Diniz (Centro de Treinamento e Referência em

Doenças Infecciosas e Parasitárias Orestes Diniz), in Belo

Horizonte, state of Minas Gerais, Brazil. We included patients

younger than60months, admitted to the servicebetween July

1, 1997 and December 31, 2003, from which plasma viral

load, CD4+TL and complete blood count (CBC) data previous

to initiation of antiretroviral therapy was available.

Data were obtained from medical records and entered in

a standardized questionnaire that included demographic and

anthropometric data, results of laboratory tests (CBC, CD4,

CD8 and plasma viral load) and clinical assessments. Clinical

and laboratory assessments were performed every 3 or 4

months, and the information collected was reviewed and dis-

cussed by three pediatric infectologists before being entered

in the database. The diagnosis of the diseases was standard-

ized according to the clinical and laboratory criteria defined

by the national program of STD/AIDS.12 Clinical and immu-

nological classificationmet the criteria defined by the CDC.13

Weused TLCandCD4+TL cutoff points in accordancewith the

definitions of the WHO.11 For plasma viral load cutoff points,

we used the values recommended by the Paediatric Euro-

pean Network for Treatment of AIDS.14

CD4+ T-lymphocyte count (CD4) was performed using a

flow cytometer (Facs Count, Becton Dickson®). The quantifi-

cation of plasma HIV-RNA was done using the nucleic acid

sequence-based amplification, NASBA (Nuclisens Organon

Teknica®). CBCwas performed using automated hematology

analyzers (Cell Dyn3000andCellDyn3500,Abbott®).Weight

and height were measured during each visit by the physician

seeing the patient. Patients were weighed using weekly cali-

brated analytical scales, and their height or length was mea-

sured by means of length board and wall-mounted

stadiometer.Weight-for-ageandheight-for-age z scoreswere

calculated using the software for anthropometric calculations

included in the Epi-Info version 6.4.15

Patientswere classifiedasprogressors or non-progressors

according to the occurrence of events of interest (disease pro-

gression defined as clinical category C of the CDC, 1994,

and/or death) and stratified into age groups (< 12months;≥

12 months to < 36 months; and ≥ 36 to < 60 months). Only

those measurements taken before the beginning of antiret-

roviral therapy were analyzed. In order to reduce possible

bias, children who had the outcome (clinical progression or

death) in the first 2 months after admission were excluded

from the analysis. The univariate analysis of progression

markers was performed considering the median of their val-

ues at admission. The time of patients’ progression and/or

survival was censored on the date of the last visit when there

was loss to follow-up. Both groups were compared using the

chi-square test or Fisher’s exact test for categorical variables

and non-parametric tests for continuous variables. The mul-

tivariate analysis usedCox’s proportional hazardmodel,which

considered hemoglobin levels and total leukocyte count as

continuous variables, while TLC, %CD4+TL, viral load and

weight-for-age z score were considered categorical vari-

ables. The statistical analyses were performed using the sta-

tistical packages SPSS (Statistical Package for the Social

Sciences) version 12.0 and Epi-Info 6.4. This study was

approved by the Research Ethics Committee of Universidade

Federal de Minas Gerais (UFMG).

Results

Since our servicewas implemented, in 1989, until Decem-

ber 31, 2003, 1,716HIV-exposed childrenwere seen, and371
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of themhad thediagnosis of infection confirmed.Between July

1997 and December 2003, 255 infected children were admit-

ted. Figure 1 shows a summary of the population selection

process for this study. We excluded 135 children: 55 were

using antiretroviral therapy at admission, 34 were classified

at clinical categoryC (CDC, 1994) at admission, 27were older

than 60 months, and 19 had clinical progression during the

first 2months of follow-up. Therefore, the group consisted of

120 children. Therewerenodeaths, loss to follow-upor trans-

fer to other services.

Total median of follow-up duration was 7.4 months,

25-75% interquartile range (25-75 IQR)=3.8-21.1. Between

progressors and non-progressors, the median of follow-up

duration was 5.1 (25-75 IQR = 3.5-9.9) and 29.5 months

(25-75 IQR = 9.5-52.0), respectively. The age group < 12

months included the larger number of patients (41.7%), and

approximately half of them were male. The median of age at

admissionwas18months (25-75 IQR=4.8-36.2), andalmost

all patients hadbeenexposed to vertical transmission.Demo-

graphic and clinical characteristics at admission are shown in

Table 1.

Themedianof values formarkers TLC,CD4+TL, hemoglo-

bin level, plasma viral load and weight-for-age and

height-for-age z scores≤ -2 were compared between patient

with and without progression of infection in the univariate

analysis (Table 2). Absolute values of CD4+TL were signifi-

cantly lower among progressors in the younger age groups

(< 12 and ≥ 12 to < 36 months). Relative values of CD4+TL

were significantly lower amongprogressors in the age groups

≥ 12 to < 36 months and ≥ 36 to < 60 months. In all age

groups, progressors had significantly lower weight-for-age

and height-for-age z scores. Median of hemoglobin was sig-

nificantly lower among progressors in the age groups≥ 12 to

<36months and≥36 to<60months.Median of plasmaviral

load was significantly higher only among progressors of age

group ≥ 36 to < 60 months. There was no significant differ-

ence between the groups of progressors andnon-progressors

for the other markers (TLC and total leukocyte count) in the

age groups assessed.

For analysis of independent factors,weused themultivari-

ate analysis (Table 3) including the following variables: hemo-

globin level, total leukocyte count, weight-for-age z score ≤

-2, %CD4+TL and plasma viral load. In the age group < 12

months, none of the parameters assessed proved to be use-

ful to differentiate progressors from non-progressors. How-

ever, in the older age groups (≥ 12 to < 36 months and ≥ 36

to < 60months) the percentage values of CD4+TL, classified

according to the WHO, and the weight-for-age z score ≤ -2

were good predictors of risk for progression.

Discussion

Brazil offers a health care program for HIV carriers that is

considered one of the best in the world.16 However, the usual

lab tests used as diseasemarkers, CD4+T-lymphocyte count

and plasma viral load, require sophisticated and expensive

technology. Within a context of limited financial resources,

both in distant regions of Brazil or other countrieswhere there

is no sophisticated laboratory infrastructure, the markers

obtained by means of simple blood test and assessment of

nutritional status can be useful tools to define the therapeutic

management of HIV-infected children.

The present study has limitations inherent to the retro-

spective method. However, it is important to highlight that

clinical and laboratory data were obtained from standardized

medical records, reducing the information biases. With the

purpose of reducing the biases inherent to a retrospective

study, all clinical records were reviewed and discussed by

three pediatric infectologists, using standardized criteria for

the definitions of patients' clinical status. The present study

did not have follow-up loss, an important limitation for longi-

tudinal studies. Patients with clinical or immunological dis-

ease were excluded because the inclusion of these patients

would not help to achieve the findings for the conclusion of

the study. Therefore, patients who were admitted at the ser-

vice using antiretroviral therapy also were excluded because

the criterion of treatment initiation could not be clearly estab-

lished or the exams done before the beginning of the antiret-

roviral therapy could not be available.

Usually, blood samples for examsof plasmaviral load,CD4

and CBC were collected always at the same time, between 7

Figure 1 - Summary of the cohort selection process
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and 10 a.m., avoiding the well-known variations of these

exams throughout the day. However, such exams are previ-

ously scheduled every 3 or 4 months and, therefore, some-

times children undergo the lab tests while they are suffering

fromacute bacterial or viral diseases. Commonly, patients are

advised to be immunized 1 month before or on the same day

the exams are performed, after blood collection.

Anthropometry allows for a diagnosis of malnutrition at

early stages. Patients’ height and weight were measured by

the physicians seeing the patients using length board and

wall-mounted stadiometer and weekly calibrated scales,

which reduced the possibility of mistakes. In addition, loss of

data was very low since we only missed one patient’s weight

and five patients’ height.

The nutritional status, assessed using weight-for-age z

score, was a sensitive predictor of risk for disease progres-

sion in children older than 12 months. A study conducted in

Ruanda showed lowermean of weight-for-age z score among

infected childrenwhencompared to thoseexposed to thevirus

but not infected at the third month of life.17 Similar findings

were found in a Brazilian study before the era of highly active

antiretroviral therapy.18 Initially, an American study evi-

denceddecrease from1 to0.75 in themeanofweight-for-age

z score during thewhole follow-upperiod amongHIV-infected

children, but there was no significant statistical difference

when compared to the HIV-exposed but uninfected chil-

dren.19 Nevertheless, an elegant American prospective

study20 demonstrated later thatweight andheight are signifi-

cantly lower among HIV-infected children when compared to

those values obtained from non-infected children belonging

Table 1 - Demographic and clinical characteristics of patients at admission between July 1, 1997 and December 31, 2003 (n = 120)

Characteristics Cohort, n (%)

Male 61 (50.8)

Age group categories

< 12 months 50 (41.7)

≥ 12 to 36 months 42 (35)

≥ 36 to 60 months 28 (23.3)

Median of age (25-75 IQR)

< 12 months 2.2 (1.0-5.9)

≥ 12 < 36 months 22.6 (18.8-28.0)

≥ 36 < 60 months 47.8 (40.4-52.9)

Route of infection

Vertical 116 (96.7)

Breastfeeding 1 (0.8)

Unknown 3 (2.5)

1994 CDC classification

N 48 (40)

N1 27 (22.5)

N2 17 (14.2)

N3 04 (3.3)

A 36 (30)

A1 12 (10.0)

A2 17 (14.2)

A3 07 (5.8)

B 36 (30)

B1 10 (8.3)

B2 11 (9.2)

B3 15 (12.5)

A=mild symptoms; B=moderate symptoms; CDC=Center for Diseases Control and Prevention; 25-75 IQR= 25-75% interquartile range; N= asymp-
tomatic.
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to the same socioeconomic status at 6 months of life. Such

difference was correlated with the use of illicit drugs by the

mother during pregnancy and other signs of AIDS-defining

disease (pneumonia episodes, CD4 T-lymphocyte count and

Table 2 - Median values for laboratory and nutritional markers at admission according to the disease progression in the age groups (n = 120)

Median of values (25-75 IQR)

Variables by age group Progressors Non-progressors p

TLC (cells/mL) 25-75 IQR

< 12 months 6,549 (3,850-9,146) 7,034 (5,835-9,803) 0.349

≥ 12 < 36 months 5,184 (4,145-7,853) 4,610 (3,090-5,300) 0.142

≥ 36 < 60 months 3,369 (1,995-4,630) 3,483 (2,900-3,982) 0.942

Total leukocyte count (cells/mL)

25-75 IQR

< 12 months 10,150 (7,850-14,600) 10,800 (9,375-15,125) 0.409

≥ 12 < 36 months 10,300 (8,100-13,000) 9,280 (7,700-11,800) 0.424

≥ 36 < 60 months 6,900 (5,140-9,570) 7,470 (6,075-5,665) 0.961

Hemoglobin (g/dL) 25-75 IQR

< 12 months 9.65 (8.8-10.5) 10.20 (8.8-11.2) 0.435

≥ 12 < 36 months 10.1 (8.5-10.9) 12.2 (10.2-12.6) 0.023

≥ 36 < 60 months 11.3 (9.4-11.9) 12.0 (11.2-12.5) 0.021

Plasma viral load (log10)

25-75 IQR

> 12 months 5.70 (5.1-6.1) 5.25 (4.6-5.9) 0.21

≥ 12 < 36 months 5.21 (4.8-5.7) 4.74 (4.4-5.6) 0.094

≥ 36 < 60 months 5.39 (4.9-5.9) 4.65 (4.2-4.9) 0.019

CD4 (cells/mL) 25-75 IQR

> 12 months 1,600 (947-2,210) 2,696 (1,992-3,610) 0.02

≥ 12 < 36 months 988 (802-1,528) 1,209 (1,085-1,841) 0.031

≤ 36 < 60 months 525 (166-1,001) 853 (707-1,086) 0.062

CD4 (%) 25-75 IQR

> 12 months 24.9 (20.3-33.4) 39.4 (21.7-46.7) 0.063

≥ 12 < 36 months 19.2 (16-23.3) 29.5 (26.3-42.2) 0.001

≥ 36 < 60 months 14.7 (7.1-28.3) 28.5 (23.9-33.7) 0.012

Weight-for-age z score

25-75 IQR

> 12 months -1.22 (-2.3-0.3) 0.21 (-1.4-1.2) 0.027

≥ 12 < 36 months -1.19 (-2.3-0.5) -0.16 (-1.9-0.7) 0.004

≥ 36 < 60 months -1.26 (-2.1-0.6) -0.025 (-1.3-0.7) 0.029

Height-for-age z score

25-75 IQR

> 12 months -1.48 (-2.9-0.7) 0.75 (-2.1-0.8) 0.051

≥ 12 < 36 months -1.78 (-2.4-0.9) -0.28 (-1.0-0.4) 0.004

≥ 36 < 60 months -1.68 (-1.9-1.0) -0.005 (-1.5-0.7) 0.012

TLC = total lymphocyte count; 25-75 IQR = 25-75% interquartile range.
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use of antiretroviral therapy), which can potentially interact

with the response variable. Unfortunately, the present study

did not measure the influence of maternal factors together

with anthropometric parameters as predictors of disease pro-

gression like other studies.20-22

Among the parameters derived from the CBC (total leu-

kocyte count, TLC and hemoglobin level), only hemoglobin

level at admissionwasuseful to differentiate progressors from

non-progressors in children older than12months. In themul-

tivariate analysis, noneof these parameters proved to beuse-

ful to predict risk of progression. The correlation between TLC

and infection progression still remains controversial.10,23,24

The correlation between alternative markers and probability

of death in 12 months was assessed in a study involving the

U.S. population, showing TLC and albumin value as indepen-

dent predictors ofmortality and absence of association for the

other parameters, such as hematocrit and total leukocyte

count.23 Ameta-analysis carried out in the United States and

Europe detected the association between values of TLC in the

beginning of the antiretroviral therapy and compared these

values with the CD4 count.10 TLC was a good predictor of risk

for progression or death in children older than 2 years. It had

a less significant effect on younger children. However, a

meta-analysis derived from longitudinal data of nine African

centers and one Brazilian center demonstrated that CD4+TL

Table 3 - Results of Cox’s proportional hazard models according to age groups

Variable RR 95%CI p

Age < 12 months (n = 50)

Hemoglobin 0.87 0.66-1.14 0.31

Total leukocyte count 1.00 0.99-1.00 0.73

Total lymphocyte count ≤

4,000 cells/mL

2.44 0.80-7.14 0.11

Weight-for-age z score ≤ -2 2.13 0.72-6.25 0.17

CD4+ T-lymphocyte count ≤

25%

2.17 0.97-4.76 0.06

Viral count≥ 6.0 log10 or

1,000,000 copies/mL

1.53 0.67-3.57 0.31

Age ≥ 12 months to 36 months

(n = 42)

Hemoglobin 1.07 0.80-1.44 0.62

Total leukocyte count 1.00 0.99-1.00 0.52

Total lymphocyte count ≤

3,000 cells/mL

0.10 0.01-1.39 0.09

Weight-for-age z score ≤ -2 3.70 1.12-12.5 0.03

CD4+ T-lymphocyte count ≤

20%

6.25 1.72-25.0 <0.01

Viral load≥ 5.4 log10 or

250,000 copies/mL

1.16 0.37-3.70 0.79

Age ≥ 36 months to 60 months

(n = 28)

Hemoglobin 1.16 0.68-2.00 0.59

Total leukocyte count 1.00 1.00-1.00 0.54

Total lymphocyte count

(2,500 cells/mL)

1.69 0.27-10.27 0.57

Weight-for-age z score ≤ -2 5.36 1.09-26.47 0.04

CD4+ T-lymphocyte count

(25%)

1.21 0.32-4.54 0.77

Viral load (5.4 log10 or

250,000 copies/mL)

0.76 0.27-2.15 0.60

RR = relative risk; 95%CI = 95% confidence interval.
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count, weight-for-age and hemoglobin were the best predic-

tors of risk for progression, with marginal effect of TLC.24

CD4+TLvalues at admission, categorized according to the

WHO, were sensitive predictors of risk for disease progres-

sion in children older than 12 months. The authors could not

find sensitive parameters for prediction of risk of progression

in children younger than 12months. This finding is supported

by the recent therapeutic consensus that, recognizing the

absence of sensitive prognosticmarkers inHIV-infectednurs-

ing infants, recommend immediate antiretroviral therapy in

children younger than 12months, regardless of CD4+TL val-

ues, plasma viral load and clinical manifestations.8,25,26

Plasma viral load was not a goodmarker of progression in

the univariate analysis. It only showed significant difference

in the oldest age group, and it was not able to differentiate

progressors from non-progressors in none of the age groups

in themultivariate analysis. Such finding is in accordancewith

data from the literature that report overlapping of levels of

plasmaviral loadbetweenpatientswith fast infectionprogres-

sion and classic progressors.4

The present study emphasizes the importance of nutri-

tional status in the assessment of risk of disease progression

in HIV-infected children older than 12 months.
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