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Abstract

Background: Achieving the Millennium Development Goals that aim to reduce malnutrition and child mortality
depends in part on the ability of governments/policymakers to address nutritional status of children in general and
those infected or affected by HIV/AIDS in particular. This study describes HIV prevalence in children, patterns of
malnutrition by HIV status and determinants of nutritional status.

Methods: The study involved 671 children aged 12-59 months living in the Agincourt sub-district, rural South
Africa in 2007. Anthropometric measurements were taken and HIV testing with disclosure was done using two
rapid tests. Z-scores were generated using WHO 2006 standards as indicators of nutritional status. Linear and
logistic regression analyses were conducted to establish the determinants of child nutritonal status.

Results: Prevalence of malnutrition, particularly stunting (18%), was high in the overall sample of children. HIV
prevalence in this age group was 4.4% (95% Cl: 2.79 to 5.97). HIV positive children had significantly poorer
nutritional outcomes than their HIV negative counterparts. Besides HIV status, other significant determinants of
nutritional outcomes included age of the child, birth weight, maternal age, age of household head, and area of

residence.

survival.

Conclusions: This study documents poor nutritional status among children aged 12-59 months in rural South
Africa. HIV is an independent modifiable risk factor for poor nutritional outcomes and makes a significant
contribution to nutritional outcomes at the individual level. Early paediatric HIV testing of exposed or at risk
children, followed by appropriate health care for infected children, may improve their nutritional status and

Background

Achievement of two of the Millennium Development
Goals (MDGs) aimed at reducing malnutrition and child
mortality by 2015 will depend in part on the ability of
governments/policymakers to address the health and
nutritional status of all children in general and of chil-
dren infected or affected by HIV/AIDS in particular.
Though some gains have been made in reducing child
malnutrition, millions of children are still malnourished:
some 26% of children under five years suffered from
malnutrition in developing countries in 2006 [1]. Malnu-
trition is a risk factor for poor cognitive development,

* Correspondence: lizmurage@gmail.com

'MRC/Wits Rural Public Health and Health Transitions Research Unit
(Agincourt), School of Public Health, Faculty of Health Sciences, University of
the Witwatersrand, South Africa

Full list of author information is available at the end of the article

( ) BiolVled Central

reduced human capital, premature death and other
health consequences [2-4]. HIV/AIDS, which is highly
prevalent in sub-Saharan Africa [5], may complicate
child malnutrition in settings with high HIV prevalence
such as South Africa.

HIV/AIDS is associated with nutritional deficiencies in
infected children [6] while undernutrition influences dis-
ease progression, increases morbidity and lowers survival
of HIV infected persons [7]. Additionally, HIV/AIDS has
enormous impact on food security of affected house-
holds [8,9]. Other covariates of child malnutrition have
been documented including child level factors such as
age and birth weight; maternal level factors such as
maternal age and education; household level factors
such as food insecurity and social economic status; and
community level factors such as sanitation and environ-
mental factors [10-12]. Importance of these factors to
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nutritional status of children may vary with differing
contexts, indicating the need for context-specific
evidence.

South Africa, like neighbouring Southern African
countries, is experiencing one of the most severe HIV
epidemics in the world [5]. Nationally, about a third of
pregnant women visiting public antenatal clinics are
HIV infected [13]. Additionally, there are high levels of
food insecurity at household level: about 35% of the
total population lack food security, a vulnerability aggra-
vated by HIV/AIDS in South Africa [14]. Malnutrition
remains highly prevalent in South Africa particularly in
rural areas [15]. It is against the backdrop of the dual
burden of high HIV prevalence and high risk of malnu-
trition in South Africa, that this study was conducted.

The study investigates the prevalence of HIV infection
among 12-59 months old children, patterns of nutri-
tional status by HIV status, and determinants of malnu-
trition in this age group. Technicalities of HIV testing of
young children and ethical issues limit evidence on
nutritional status of HIV positive children in randomly
selected samples at population level; this is a key
strength of this study. Our study thus makes an impor-
tant contribution in establishing the wellbeing of HIV
positive children in a community setting.

Methods

Study Setting and Population

This study was conducted in the rural Agincourt sub-dis-
trict of Mpumalanga Province, northeast South Africa,
which borders Mozambique. It was nested within the
Agincourt health and socio-demographic surveillance sys-
tem (Agincourt HDSS), established in 1992 which covers
the entire sub-district and follows some 70,000 people liv-
ing in 11,700 households in 21 contiguous villages. The
population comprises Tsonga-speaking people, some 30%
of whom are of recent Mozambican origin, having entered
South Africa mainly as refugees in the early to mid-1980s
during the civil war in Mozambique. The area is dry with
household plots too small to support subsistence farming.
The area is characterised by high levels of poverty; the
province in which the study area is located has one of the
highest poverty rates in South Africa, at 64% [16]. Labour
migration is widespread involving up to 60% of working-
age men and growing numbers of women [17,18]. A net-
work of five primary care clinics refers to a larger public
health centre; the nearest district hospital is 25 kilometers
away. Over a third of pregnant women visiting public
health clinics in the area are HIV positive [13].

The Agincourt Health and Demographic Surveillance
System (HDSS)

The Agincourt HDSS is a multiround prospective com-
munity study and involves systematic annual recording
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of all births, deaths and migration events occuring in
Agincourt since 1992. Individual characteristics includ-
ing date of birth, sex, and nationality of origin are
recorded. Additional data are collected as special census
modules nested within the annual update rounds. These
include education, child social grant uptake, union sta-
tus and food security. An asset survey conducted in
each household every two years gives a measure of
household socioeconomic status. Detailed information
on the Agincourt HDSS is provided elsewhere [19,20].

Explanatory variables used in this study were obtained
from the Agincourt HDSS: child’s age and sex; birth
weight; place of delivery; child’s relationship to household
head; age, nationality, highest education level, and mari-
tal/union status of the mother; mother’s co-residence
with child; age, sex and highest education level of house-
hold head; household food security and socio-economic
status; and village of residence.

The food security data utilised in this study was col-
lected in 2007 as a panel survey nested within the Agin-
court HDSS. Food insecurity was defined as not having
reported enough food to eat either in the last one
month or in the last one year, whereas food secure
households were characterized as households reporting
sufficient to eat both in the last one month and one
year respectively.

Household wealth index was constructed from the
2007 survey [21], which documented type and size of
dwelling; water and sanitation facilities; electricity; mod-
ern assets such as fridge and television; transport assets
such as bicycle and car; communication assets such as
cellphone; and livestock such as cattle. A summated
absolute score for the wealth indicator was constructed.
To begin, each asset variable was coded with the same
valence (i.e. increasing values correspond to greater
socio-economic status (SES)) and effectively given equal
weight by rescaling so that all values of a given asset
variable fall within the range (0, 1). Assets were then
categorized into five broad groups - ‘modern assets’,
‘livestock assets’, ‘power supply’, ‘water and sanitation’
and ‘dwelling structure’. For each household within each
asset group, the rescaled asset values were summed and
then rescaled again to yield a group-specific value in the
range (0, 1). Finally for each household, these five
group-specific scaled values were summed to yield an
overall asset score whose value could theoretically fall in
the range (0, 5). Household wealth tertiles were gener-
ated from the absolute SES score using the Stata’s xtile
command and labelled as most poor (lowest 1/3), mid-
dle class, and least poor (highest 1/3).

Growth Survey
We conducted a cross-sectional anthropometric survey
between April and July 2007. This survey targetted 4000
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children and adolescents aged between 1 and 20 years,
who were permanent residents in the study area at the
time of sampling and had lived in the study area at least
80% of their lives, since birth or since 1992 when the
Agincourt HDSS started. The sample size was deter-
mined so as to get sufficient numbers per age and sex
group. A total of 2000 girls and 2000 boys were tar-
getted, 100 participants in each age and sex group.
Over-sampling by 10-15 children per age and sex group
was done to cater for possible non-participation of the
target sample. A total of 4658 children were therefore
sampled. The study sample was randomly selected from
the Agincourt HDSS database described above, with the
child as the sampling unit as follows: all the children
aged 1-20 years in the database, meeting the inclusion
criteria, were allocated a unique identity number, strati-
fication was then done by age, sex and village and a ran-
dom sample using the unique identity number was
drawn from each strata proportionate to the population
size of the village. More details on the sample can be
obtained from a previous publication [22]. The time
between the most recent database and study fieldwork
resulted in no participants under the age of one year.
Hence for the purpose of this paper, children aged
12-59 months were included; a total of 671 children.

Invitation to participate was initiated during a home
visit at which informed consent to participate in the
growth survey was obtained from the caregiver (care-
giver refers to mother or non-mother caregiver who
was the usual carer of the child). Data were collected
during weekends in schools centrally located within the
study villages. Anthropometric measurements included
height and weight: height was measured using a stadi-
ometer (Holtain, UK) calibrated in millimeters. For all
children aged less than 24 months, length was measured
using an inelastic tape measure in a recumbent position
on a flat surface. Weight in kilograms (to one decimal
point) was determined using a mechanical bathroom
scale (Hanson, UK). All anthropometric measurements
were taken according to standard procedures [23]. To
standardise measurements and enhance quality, each
measurement was conducted by a dedicated lay field-
worker specifically trained in the technique by experts
in the field.

Height-for-age z-scores (HAZ), weight-for-age
z-scores (WAZ), and weight-for-height (WHZ) z-scores
were generated using the 2006 WHO standards, through
use of the WHO Anthro 2005 program, Beta Version
[24]. The 2006 WHO standards were developed follow-
ing the Multicentre Growth Reference Study (MGRS)
commissioned by the WHO, implemented between 1997
and 2003. The study was conducted internationally in
diverse countries including Brazil, India, Ghana, Norway,
Oman and the USA. The study involved healthy
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breastfed children that were raised in conducive envir-
onments that enhance full growth potential [25,26]. The
2006 WHO standards are recommended for interna-
tional use, and this is justified further by earlier studies
that indicated that the growth of young children is simi-
lar across different ethnic backgrounds [27]. Stunting,
underweight and wasting were determined as z-scores
<-2 respectively [28].

HIV testing of children aged 12-59 months was car-
ried out after anthropometric measurements were taken.
Informed consent for the HIV test was obtained sepa-
rately from the earlier consent for anthropometric mea-
surements. Pre-test counselling was given to the
caregiver of the child before the test was done. Blood
was obtained from each child through a finger prick.
Two rapid tests: Uni-Gold™ (Trinity Biotech, Bray,
Ireland) and Determine™ (Abbott, Wiesbaden, Ger-
many) were performed concurrently in accordance with
WHO recommendations for HIV screening in children
[29]. Of the 671 children aged 12-59 months in the
study, 640 consented to testing, a 95% response rate.
A child was defined as HIV negative if both tests were
negative, HIV positive if both tests were positive, and
indeterminate if either of the tests was negative and the
other positive. The result was given to the caregiver if s/
he wished to know the status. All but two respondents
requested the result; one refused and one could not wait
for the result due to other commitments but was
informed later. All caregivers of HIV positive children
and those with indeterminate results (only one) were
counselled and referred for a confirmatory test, further
counselling and other support at the nearest primary
health care facility. Similarly, all children identified as
malnourished were referred to local clinics for nutri-
tional advice and support; these had been fully briefed
on the study.

Ethical Clearance

Ethical clearance for the two studies was granted sepe-
rately by the University of the Witwatersrand Commit-
tee for Research on Human Subjects, (Medical). Ethical
clearance number for the 2007 growth survey is
MO070244, while for the Agincourt HDSS is M960720.
Informed consent was obtained from the children’s
caregivers.

Data Analysis

Data analysis using Stata version 10.0 (StataCorp LP, Col-
lege Station, Texas, USA) describes by HIV status, mean
HAZ, WAZ and WHZ (and their standard deviations), as
well as prevalence of stunting, underweight and wasting.
T-test and oneway ANOVA were used to test for statisti-
cally significant differences in means by HIV status, while
Chi-square test was used for proportions.
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Univariate linear and logistic regression were done to
investigate the association of independent variables,
listed above, to nutritional outcomes. Categories for cov-
ariates such as birth weight and mother’s/household
head’s age, were created for ease of interpretation with
regards to policy implications. Missing values for each
variable were allocated an independent category in the
regression models to maintain all participants in the
analysis. The variables affected include birth weight
obtained from the Road-to-Health card (22% missing
values), household head education (10% missing values),
mother’s education (7% missing values), food security
(6% missing values), socio-economic status (2.5% miss-
ing values), and mother’s age, mother’s nationality and
household head relationship to child (<2% missing
values each). Explanatory variables found to be signifi-
cantly associated with the outcome variable at the 10%
level of significance in the univariate analysis were
included in the multivariate linear and logistic regres-
sion analysis. HIV status was maintained in all the mod-
els, being the key predictor of interest. Bias due to non-
response was examined using data from Agincourt
HDSS whereby comparisons between participants and
non-participants were made using chi-square test and
t-test. A p-value of <0.05 was considered statistically
significant in all the analysis.

Results

This study involved 671 children aged 12-59 months in
2007: 338 (50.4%) boys and 333 (49.6%) girls. About a
quarter of sampled children aged less than five years did
not participate in the study. Comparisons of demographic
variables between participants and non-participants are
shown on Table 1. For most of the demographic variables
included, there were no significant differences. How-
ever non-participants were significantly younger, had
younger mothers and were more likely to have a grand-
parent as the head of household (p < 0.05, respectively).
(Table 1)

Characteristics by HIV status

Of the study participants, 612 were HIV negative, 28
HIV positive, and 31 were not tested (no consent for
the test), resulting in a HIV prevalence of 4.4% (95% CI:
2.79 to 5.97) in this age group; 3.1% (95% CI: 1.20 to
5.03) in boys and 5.6% (95% CI: 3.10 to 8.20) in girls.
The non-participation for the test was mainly because
of the decision-maker being unavailable to give consent
and this was largely because they were migrant workers,
working away from home.

Table 2 shows the characteristics of study participants
by HIV status. The mean birth weight for all children
was 3.1 kg (SD; 0.49) and 10% of children had low birth
weight (<2.5 kg). HIV positive children had significantly
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lower mean birth weight compared to HIV negative
children (p = 0.029). Mothers of HIV positive children
were significantly older than mothers of HIV negative
children (p = 0.029), with two-thirds being in the age
category 25-34 years (67%). Mothers of HIV positive
children had a significantly lower level of education
compared to those of HIV negative children (p = 0.017).
Twenty one mothers did not co-reside with their chil-
dren (3% of the total sample, 81% of whom had died).
A significantly higher proportion of mothers of HIV
positive children (p = 0.018) did not co-reside with the
child.

Nutritional outcomes

The prevalence of stunting was 18% in this age group
(n = 117), but though higher in HIV positive children
(29%) than HIV negative children (18%), the difference
did not reach statistical significance (p = 0.136). Preva-
lence of underweight was 10% (n = 67), while that of
wasting was 7% (n = 44). There was also no significant
difference in the levels of underweight and wasting by
HIV status (p = 0.480 and p = 0.389, respectively).
Height- and weight-for-age and weight-for-height
z-scores were all significantly lower in HIV positive chil-
dren compared to HIV negative children (p < 0.05) as
indicated in the univariate results (Table 3, 4 &5,
respectively).

Determinants of child nutritional status

Results of regression analysis are shown on Tables 3, 4
and 5. Only variables that were significantly associated
with nutritional status from the univariate analyses at
the 10% level of significance are included in the tables.
Height- and weight-for-age and weight-for-height z-scores
Key determinants of HAZ were at child level: HIV sta-
tus, child’s age and birth weight; and at maternal level:
mother’s age (all p < 0.050). HIV positive children had
significantly lower HAZ than HIV negative children
(p = 0.001); age was positively associated with HAZ (p <
0.001); low birth weight was negatively associated with
HAZ (p < 0.001); while children of mother’s aged 15-
24 years had significantly lower HAZ than of mothers
aged 25-34 years (p = 0.005) (Table 3). Key determi-
nants of WAZ were at child level: HIV status and birth
weight; at maternal level: mother’s age; and at household
level: household head’s age (all p < 0.050). HIV positive
status was negatively associated with WAZ (p = 0.001);
low birth weight was negatively associated with WAZ
(p < 0.001); children of mother’s aged 15-24 years had
significantly lower WAZ than of mothers aged 25-34
years (p = 0.011); while children of household heads
younger than 35 years had lower z-scores compared to
those of household heads in the age-category 35-49
years (p = 0.047) (Table 4). Key determinants of WHZ
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Table 1 Comparison of participants’ and non-
participants’ characteristics (n = 902), Agincourt, South

Africa (2007)

Characteristic Non-participants Participants  P-
(n =231) (n =671) Value
Child Characteristics
Child age in years [mean 23 (1.1) 25 (1.1) 0.012
(D'
Child Sex (%)
Boys 489 50.2 0.732
Girls 51.1 498
Birth weight [mean (SD)] 3.0 3.1 0.161
Birth weight categories
(%)
Low; <2.5 kg 94 103 0.706
Normal; 2.5 kg 90.6 89.7
Maternal Characteristics
Mother's age (%)
15-24 416 314
25-34 40.7 420 0.005
35+ 17.7 26.2
Mother’s Nationality (%)
South African 686 66.1 0496
Mozambican 314 339
Mother's Education (%)
None 10.7 133 0.580
Less than completed 65.6 62.6
secondary
Secondary & Tertiary  23.7 242
Mother Union Status (%)
Currently in union 463 477 0.719
Not in union 537 523
Mother co-residence
Co-residing 96.1 96.9 0.575
Not co-residing 39 3.1
Delivery place (%)
Health facility 87.3 84.6 0.340
Home 12.7 154
Household
Characteristics
Household head Age
15-34 135 11.1
35-49 380 424 0406
50+ years 485 46.6
Household head Sex
Male 620 65.1 0.396
Female 380 349
Household head
Education
None 47.0 41.1
Less than completed 364 4538 0.061
secondary
Secondary & Tertiary 16.7 13.1
Relationship to child
Parent 329 42.7
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Table 1 Comparison of participants’ and non-partici-
pants’ characteristics (n = 902), Agincourt, South Africa
(2007) (Continued)

Grandparent 50.7 44.8 0.026
Other 16.5 125

Food Security
Enough 781 80.0 0.566
Not enough 219 200

SES Tertiles
Most poor 42.7 396
Middle 264 31.7 0336
Least poor 309 288

Area of Residence
Mainly South African 913 926 0.554
village
Mainly Mozambican 8.7 75
village

'Age at the time of sampling.

were only at child level and included child’s age and
birth weight. Both age and low birth weight were nega-
tively associated with WHZ (p = 0.001 & p < 0.001,
respectively). (Table 5)

Stunting, underweight and wasting

Key determinants of stunting included child’s age, and
area of residence. Age was negatively associated with
stunting (p < 0.001); while children living in villages
mainly inhabited by people of Mozambican origin had
more than two-fold higher odds of being stunted (p =
0.024). Association of stunting with mother’s age was
borderline (p = 0.051), with children born to mothers
younger than 25 years having a 1.6 higher odds of being
stunted than children born to older mothers aged 35-
49 years (Table 3). Only low birth weight was a signifi-
cant predictor of underweight: children with low birth
weight had three-fold higher odds of being underweight
than other children (p = 0.002) (Table 4). No factor was
significantly associated with wasting (Table 5).

Summary of determinants

Key predictors of nutritional status in children aged
12-59 months in Agincourt include child’s HIV status,
child’s age, birth weight, maternal age, age of household
head, and area of residence. HIV status was strongly
associated with z-scores but its association with stunt-
ing, underweight and wasting was not significant at 5%
level of significance.

Discussion

This study has described the prevalence of HIV, nutri-
tional outcomes by HIV status, and determinants of
nutritional status among children 12-59 months living
in rural South Africa. Nutritional status was determined
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Table 2 Characteristics of study participants by HIV status (n = 671), Agincourt, South Africa (2007)

Characteristic All [n = 671] HIV- HIV+ [n = 28] Unknown P-Value P-value
[n =612] status [n = 31] [comparing all [comparing HIV-
three categories] & HIV+ only]

Child Characteristics

Child age in years [mean (SD)] (n = 671)' 31 [1.1] 3.1 [1.1] 31 01.2] 33 [1.0] 0.636 0.968
Child Sex (%) (n = 670)

Boys (n = 338) 503 50.8 35.7 54.8

Girls (n = 333) 496 49.2 64.3 452 0.259 0118
Birth weight (continuous) [mean (SD)] 3.1 [0.49] 3.1 [048] 2.9 [0.54] 3.2 [062] 0.062 0.029
(n =522)
Birth weight categories (%) (n = 522)

Low; <25 kg (n = 54) 10.3 99 16.0 143 0.515 0.323
Normal; 2.5 kg (n = 468) 89.7 90.1 84.0 85.7

Maternal Characteristics
Mother's age (%) (n = 659)

15-24 (n = 77) 314 33.0 11.1 194
25-34 (n = 207) 420 40.1 66.7 452 0.029 0.017
35+ (n = 175) 266 263 222 355

Mother’s Nationality (%) (n = 658)
South African (n = 435) 66.1 653 59.3 87.1 0.033 0517
Mozambican (n = 223) 339 34.7 40.7 129

Mother's Education (%) (n = 625)
None (n = 83) 133 133 230 35
< completed secondary (n = 381) 62.6 623 69.2 62.1 0.078 0.089
Secondary & Tertiary (n = 191) 24.2 244 77 34.5

Mother Union Status (%) (n = 671)
Currently in union (n = 320) 47.7 482 393 45.2 0.626 0356
Not in union (n = 351) 523 512 60.7 548

Mother co-residence (n = 671)
Co-residing (n = 650) 96.9 97.2 89.3 96.8 0.062 0.018
Not co-residing (n = 21) 3.1 28 10.7 33

Delivery place (%) (n = 671)
Health facility (n = 568) 84.7 84.2 85.7 936 0.362 0.824
Home (n = 103) 154 159 143 6.5

Household Characteristics
Household head Age (n = 668)

15-34 (n = 74) 1.1 10.8 214 6.5
35-49 (n = 283) 424 41.7 50.0 484 0.191 0.076
50+ years (n = 311) 46.6 47.5 286 45.2

Household head Sex (n = 668)
Male (n = 435) 65.1 66.2 50.0 58.1 0.150 0.078
Female (n = 233) 349 338 50.0 419

Household head Education (n = 603)
None (n = 248) 411 41.8 400 28.0
< completed secondary (n = 276) 458 456 520 440 0.187 0.722
Secondary & Tertiary (n = 79) 13.1 12.7 8.0 280

Relationship to child (n = 663)
Parent (n = 283) 42.7 429 50.0 323
Grandparent (n = 297) 448 447 429 484 0.546 0.623
Other (n = 83) 125 124 7.1 194

Food Security (n = 629)
Enough (n = 503) 80.0 792 786 9.7 0.064 0.940

Not enough (n = 126) 200 208 214 33
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Table 2 Characteristics of study participants by HIV status (n = 671), Agincourt, South Africa (2007) (Continued)

SES Tertiles (n = 654)

Most poor (n = 218) 333 333

Middle (n = 218) 333 34.0

Least poor (n = 218) 333 329
Area of Residence

Mainly South African village (n = 621) 926 92.1

Mainly Mozambican village (n = 50) 75 78

429 29.0

35.7 194 0.126 0.392
214 516

96.4 96.8 0461 0.406
36 32

'Age at interview date

using height- and weight-for-age and weight-for-height
z-scores. HIV positive children had poorer nutritional
outcomes compared to their HIV negative counterparts.
In addition to HIV, important covariates of children’s
nutritional status at the child, household and commu-
nity level were detected. At child level, these included
child’s age and birth weight; at maternal level, maternal
age; at household level, age of household head; and at
community level, area of residence.

The HIV prevalence in this study is seemingly low and
is comparable to 2005 national estimates among children
aged 2-4 years (5%) in South Africa [30], despite high
HIV prevalence among women of child-bearing age [13].
Prevention of mother to child transmission (PMTCT)
programs have been scaled up in South Africa in the last
few years and some progress has been made for example
with regards to antenatal HIV testing and uptake of
nevirapine for infected mothers [31]. This prevalence of
HIV in children is however important both for individual
wellbeing of the children and for public health purposes.
HIV infection influences nutritional outcomes of infected
children at an individual level [6], while malnutrition in
HIV infected children leads to higher mortality [7]. HIV
in children has been associated with remarkable demo-
graphic impacts in South Africa. Dorrington et al. (2006)
estimated that 44% of mortality among children aged
0-14 years was due to HIV despite only 2% of this age
group being infected [32]. The higher prevalence of HIV
observed in girls compared to boys cannot be fully
explained in this study, but may result from longer survi-
val of HIV positive girls. Although numbers are small,
during a one year follow-up of the HIV positive children,
two boys died and no girls [33].

This study documents a high prevalence of undernu-
trition, particularly stunting, which is more prevalent in
HIV positive children. The higher vulnerability of HIV
positive children to poorer nutritional outcomes in this
study may be influenced by their HIV status, since after
controlling for other covariates of nutritional status in
children, HIV status remained a significant determinant
of many of the outcomes. Growth failure has been asso-
ciated with HIV elsewhere in sub-Saharan Africa [7,34]
and in South Africa in particular [35]. In settings with

unhygienic environments and poor water, infections in
young children - particularly diarrhoea - are important
causes of undernutrition [36]. Recurrent illnesses such
as diarrhoea, exacerbated in HIV positive children due
to lowered immunity, may play a major role in poor
nutritional outcomes. This study also documented other
vulnerabilities that may jeopardize the nutritional status
of HIV positive children relative to their HIV negative
counterparts. These include lower birth weight, lower
maternal education and less likelihood of maternal co-
residence with child mainly due to death.

Consistent with other studies in developing countries
[10], child level factors including birth weight and
child’s age emerged as key. Though further investiga-
tions are needed to establish the causes of low birth
weight in this setting, one factor may be maternal health
and the impact of HIV exposure, as a third of pregnant
women visiting public health facilities are HIV infected
[13]. Maternal HIV infection which leads to higher rates
of maternal opportunistic infections has particularly
been associated with foetal growth retardation leading
to smaller size and low birth weight [37]. Birth weight
was lower in HIV positive children compared to their
negative counterparts as also found in other studies in
sub-Saharan Africa [38]. Child age was differentially
related to nutritional status. With regards to height-for-
age z-scores and stunting, indicators for chronic malnu-
trition, older children had better outcomes, while with
regards to weight-for-height z-scores, older children had
poorer outcomes. The height-for-age z-scores and
higher stunting in younger children may be associated
with low birth weight, followed by catch up growth in
the older years. The poorer outcomes related to weight-
for-height z-scores in older children may be associated
with feeding practices, which may be associated with
compromised hygienic practices, hence infections
[39-41].

The maternal level factor found to be significantly asso-
ciated with child’s nutritional status was maternal age.
Maternal age has been documented in other studies in
the developing world as an important risk factor for child
malnutrition [11]. The increased risk of malnutrition in
children of younger mothers may relate to inexperience
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Table 3 Regression analysis of determinants of HAZ and Stunting for children aged 12-59 months (n = 671),

Agincourt, South Africa (2007)

HAZ [n = 670] Stunting [n stunted = 117]
Univariate Coeff Multivariate' Coeff Univariate OR Multivariate' OR
[95% CI] P [95% CI] P [95% CI] P [95% CI] P
Child Characteristics
HIV status (n = 671)
Negative (n = 612) (ref) 0 0 1 1

Positive (n = 28)
Unknown status (n = 31)

Child age (n = 671)

Birth weight (n = 522)
Normal; 2.5 kg (n = 468) (ref)
Low; <25 kg (n = 54)

Maternal Characteristics

Mother's age (n = 659)

25-34 (n = 277) (ref)
15-24 (n = 207)
35+ (n = 175)

Mother co-residence (n = 671)
Co-residing (n = 650) (ref)
Not co-residing (n = 21)

Household Characteristics

Relationship to child (n = 663)
Parent (n = 283) (ref)
Grandparent (n = 297)
Other (n = 83)

-0.7 [-1.1,-0.2] 0.004
0.3 [0.2,0.7] 0.249
0.2 [0.2, 0.3] <0.001

0
-0.6 [-0.9, -0.3]<0.001

0
-04 [-06, -0.2] 0.001
0.0 [-0.2,0.2] 0.955

0
06 [0.1, 1.1] 0.019

0
-0.0 [0.2, 0.2] 0.892
-0.3 [0.6, 0.0] 0.057

-0.8 [-1.2, -0.3] 0.001
0.2 [0.2, 0.6] 0.398
0.2 [0.1, 0.3] <0.001

0
-0.6 [-0.9, -0.3]1<0.001

0
-0.3 [-0.5, -0.1] 0.005
-0.1 [-0.3, 0.2] 0.578

0
0.6 [-0.1, 1.2] 0.082

0
0.1 [-0.2, 0.3] 0.503
-0.2 [-0.5, 0.1] 0.267

1.9 [0.8, 44] 0.142
0.3 [0.1,14] 0.128
0.6 [0.5, 0.7]<0.001

1

2.1 [1.1,4.0] 0.023

1
1.7 [1.1,2.7]1 0.025
0.8 [0.5, 1.4] 0.501

0.5 [0.1, 2.1] 0.340

1.0 [0.7, 1.6] 0.871
1.2 [06, 2.2] 0.580

23 [0.9, 5.6] 0.075
04 [0.1, 1.6] 0.186
0.6 [0.5, 0.71<0.001

1
1.9 [0.9, 3.8] 0.070

1
1.6 [1.0, 2.6] 0.051
1.1 [06, 1.9] 0.851

Area of Residence (n = 671)

Mainly South African Village 0 0
(n = 621) (ref)

Mainly Mozambican Village (n = 50) -0.5 [-0.8, -0.1] 0.008

-0.3 [-0.7, -0.0] 0.062

24 1.3, 46] 0.006 2.2 [1.1, 4.3] 0.024

10nly indipendent variables significantly associated with the outcome variable of interest at the 10% level of significance in the univariate analysis were included
in multivariate analysis. Other independent factors examined include child’s sex; place of delivery; nationality, highest education level, and marital/union status of
the mother; age, sex and highest education level of household head; household food security; and socio-economic status.

and inadequate child care, or to biological characteristics
such as small maternal size with potential for low birth
weight and later poor nutritional outcomes.

At the household level, only age of the household head
emerged as a predictor of nutritional outcomes associated
with both weight-for-age and weight-for-height z-scores.
The pathway through which age of the household head
may influence nutritional outcomes of the child could be
through income and food security of the household. Con-
trary to expectation, food insecurity did not emerge as an
important factor with regards to nutritional status of chil-
dren in this age category. The lack of association found
between food (in)security and nutritional outcomes may
relate to food (in)security being a household-level mea-
surement and thus less sensitive than individual-level mea-
surements of child’s food intake. Additionally, poor
nutritional outcomes may not only be associated with the
quantity of food but also the quality, which this study did
not assess. Food variety and dietary diversity are limited in

those living in poor socio-economic circumstances in
South Africa and are associated with nutritional status of
South African children [42]. Additionally, socio-economic
status, a factor associated with nutritional outcomes in
other studies in the developing world [43], was not a sig-
nificant determinant of nutritional outcomes after control-
ling for other covariates. This suggests that other factors
may be more important in determining the nutritional sta-
tus of young children in this community. Socio-economic
status was estimated using a household asset index as a
proxy measure of relative household wealth rather than
actual income or expenditure levels, and may not necessa-
rily relate to households’ current socio-economic status.
However, this method has been shown as valid elsewhere
[21].

At the community level, area of residence emerged as a
predictor of nutritional outcomes. Area of residence serves
as a proxy for various factors at community level, includ-
ing environmental factors, availability of health care and
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Table 4 Regression analysis of determinants of WAZ and Underweight for children aged 12-59 months (n = 671),

Agincourt, South Africa (2007)

WAZ [n = 671] Underweight [n underweight= 67]
Univariate Coeff Multivariate’ Coeff Univariate OR Multivariate’ OR
[95% CI] P [95% CI] P [95% CI] P [95% CI] P
Child Characteristics
HIV status (n = 671)
Negative (n = 612) (ref) 0 0 1 1

Positive (n = 28)

Unknown status (n = 31)

Birth weight (n = 522)

Normal; 2.5 kg (n = 468) (ref)
Low; <25 kg (n = 54)
Maternal Characteristics

Mother's age (n = 659)
25-34 (n = 277) (ref)
15-24 (n = 207)
35+ (n = 175)

Mother's Education (n = 625)

None (n = 83) (ref)

Some education <completed secondary

(n =381)

Secondary & Tertiary (n = 191)

Delivery place (n = 671)

Health facility (n = 568) (ref)

Home (n = 103)

Household Characteristics
Household head Age (n = 668)

35-49 (n = 283) (ref)

15-34 (n = 74)

50+ years (n = 311)
SES Tertiles (n = 654)

Most poor (n = 218) (ref)

Middle (n = 218)
Least poor (n = 218)

-0.7 [1.2,-0.3] 0.001
0.3 [-0.1,0.7] 0.137

0
-0.8 [-0.1, -0.5] <0.001

0
-0.2 [-04, -0.0] 0.044
0.0 [-0.2,0.2] 0979

0
0.2 [-0.1, 04] 0.267

04 [0.1, 0.8] 0.007

0
-0.3 [-0.5,-0.1] 0.019

0
-04 [-0.7,-0.1] 0.022
-0.2 [-0.3,0.0] 0.124

0
0.2 [-0.1, 04] 0.172
0.3 [0.1,0.5] 0.012

-0.7 [-1.2, -0.3] 0.001
0.2 [-0.2, 0.6] 0.137

0
-0.7 [-1.1, -0.4] <0.001

0
-0.3 [-0.5, -0.1] 0.011
-0.1 [-0.3,0.2] 0.633

0
0.2 [-0.1, 0.5] 0.269

0.3 [-0.0, 0.6] 0.085

0
-0.2 [-0.5,-0.1] 0.284

0
-0.3 [-0.6, -0.0] 0.047
-0.1 0.3, 0.7] 0.228

0
0.0 [0.2, 0.3] 0.690
0.1 [-0.1, 0.3] 0.500

1.5 [0.5, 44] 0482
0.3 [0.0, 2.2] 0.235

1
3.1 [1.5, 6.5] 0.002

0 [06, 1.8] 0.955
09 [05, 1.6] 0.647

1.1 [06, 2.0] 0.756

0.7 [0.3, 1.5] 0.362

1.2 [0.6, 24] 0.541

1.8 [08,3.9] 0.129
1.1 [0.7, 2.0] 0.637

06[03, 1.2 0.143
1.0 [0.2, 48] 0.971

1.5 [05, 44] 0512
0.3 [00, 2.2] 0.228

1
3.1 [1.5, 6.4] 0.002

Area of Residence (n = 671)
Mainly South African Village (n = 621) 0
(ref)

Mainly Mozambican Village (n = 50) -0.5 [-0.8, -0.1] 0.006

-03 [-0.7,0.0] 0.079

2.1 [1.0, 46] 0.054 20 [0. 9, 44] 0.094

10nly indipendent variables significantly associated with the outcome variable of interest at the 10% level of significance in the univariate analysis were included
in multivariate analysis. Other independent factors examined include child’s sex and age; child’s relationship to household head; nationality, and marital/union
status of the mother; mother’s co-residence with child; sex and highest education level of household head; and household food security.

support services, and shared cultures. Children living in
villages mainly inhabited by people of Mozambican origin
had poorer nutritional outcomes. These villages served as
refugee settlements during and after the civil war in
Mozambique from the early to mid-1980s. Consequently,
well over 90% of people living in these villages are of
Mozambican origin, whereas they constitute about 30% of
inhabitants over the study site as a whole. Though the
situation is changing, people in these villages have lived
with limited legal recognition without fully being inte-
grated into South African society. The villages have poor

dwellings and infrastructure and are worse off than mainly
South African villages with respect to basic services
including water, sanitation, electricity and health facilities
[44,45]. Other researchers in the study area have also
found poorer health outcomes in children living in former
Mozambican households [46]. While this study showed
that being born to a mother of Mozambican origin does
not disadvantage the child with regards to nutritional out-
comes, previous work documented significantly higher
mortality in children born to Mozambican mothers com-
pared to those born to South African mothers [47].
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Table 5 Regression analysis of determinants of WHZ and wasting for children aged 12-59 months (n = 671),

Agincourt, South Africa (2007)

WHZ [n = 670] Wasting [n wasted = 44]
Univariate Coeff Multivariate' Coeff Univariate Multivariate'
[95% CI] P [95% CI] P OR [95% CI] P OR [95% CI] P
Child Characteristics
HIV status (n = 671)
Negative (n = 612) (ref) 0 0 1 1

Positive (n = 28)

Unknown status (n = 31)
Child age (n = 671)
Birth weight (n = 522)

Normal; 2.5 kg (n = 468) (ref)

Low; <25 kg (n = 54)
Maternal Characteristics
Mother's Education (n = 625)

None (n = 83) (ref)

Some education <completed secondary
(n = 381)

Secondary & Tertiary (n = 191)
Delivery place (n = 671)

Health facility (n = 568) (ref)

Home (n = 103)
Household Characteristics
Household head Age (n = 668)

35-49 (n = 283) (ref)

15-34 (n = 74)

50+ years (n = 311)

-0.5 [-1.0, -0.0] 0.047
0.2 [-0.3,-0.1] 0.322
-0.2 [-0.3,-0.1] 0.001

0
-0.7 [-1.1, -0.3]<0.001

0
0.2 [-0.1,0.5] 0.175

0.3 [-0.0, 0.7] 0.081

0
-04 [-0.7,-0.1] 0.010

0
-04 [0.7, -0.0] 0.034
-0.2 [-04, 0.0] 0.086

-0.5 [-1.0, 0.1] 0.094
0.2 [-0.3,0.7] 0.338
-0.2 [-0.3, -0.1] 0.001

0

-0.7 [-1.0, -0.31<0.001

0
0.2 [-0.2, 0.5] 0.302

0.2 [-0.2, 0.6] 0.300

0
-0.2 [-0.6, -0.1] 0.149

0
-0.3 [-0.7, -0.0] 0.066
-0.2 [-04, -0.0] 0.088

1.7 [0.5, 59] 0.395
048 [0.1, 3.6] 0471

1.8 [0.7, 4.9] 0.248

0.8 [04, 1.6] 0459

0.8 [04, 2.0] 0.669

1
2.2 [1.1,44] 0.027

1.7 [0.6, 4.6] 0301
1.6 [08,3.21 0.175

19 [05, 6.5] 0.333
0.5 [0.07, 4.1] 0.560

1
20 [1.0, 4.1] 0.059

SES Tertiles (n = 654)
Most poor (n = 218) (ref) 0
Middle (n = 218) 0.1 [-0.1, 04] 0.363
Least poor (n = 218) 0.3 [0.0, 0.5] 0.038
Area of Residence (n = 671)
Mainly South African Village (n = 621) (ref)

Mainly Mozambican Village (n = 50) -03 [-0.7,0.11 0.113

0
0.1 [:0.2, 0.3] 0.541
0.2 [-0.1, 04] 0.241

09 1[04, 18] 0714
06 [03, 14] 0.250

1 1
26 [1.1,6.1] 0.033 2.3 09, 55] 0070

10nly indipendent variables significantly associated with the outcome variable of interest at the 10% level of significance in the univariate analysis were included
in multivariate analysis. Other independent factors examined include child’s sex; child’s relationship to household head; age, nationality and marital/union status
of the mother; mother’s co-residence with child; sex and highest education level of household head and household food security.

Community interventions to improve living conditions
could contribute to better health and nutritional outcomes
in children.

A few limitations of this study are important to note.
About a quarter of sampled children did not participate
in the study. Though there was no significant variation
for most demographic variables examined, non-partici-
pants were significantly younger, had younger mothers
and were more likely to have a grand-parent as the head
of household. Since the study shows that younger chil-
dren and children of younger mothers were more likely
to be stunted and had lower height- and weight-for-age
z-scores, non-participation may have underestimated the
reported prevalence of stunting and overestimated
the reported height- and weight-for-age z-scores.

The sample was drawn from the existing Agincourt
HDSS, hence the time lag between data collection for
the Agincourt HDSS sampling frame and data collection
for the growth survey meant that infants under one year
of age were not included. This limitation may have low-
ered the proportion of children with HIV infection
reported in our study, and masked the extent of poor
nutritional outcomes in HIV positive children as the
most vulnerable children may have died by their first
birthday [48]. Further, the bivariate results by HIV sta-
tus should be interpreted with caution as the small pro-
portion of HIV positive children in our study may bias
the associations, in that we may have failed to detect
significant associations based on proportions, which may
have existed. A further limitation relates to the HIV
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tests employed: according to WHO recommendations,
antibody tests are appropriate for HIV screening in chil-
dren aged 18 months and above. As maternal antibodies
may still be present in younger children, assays to detect
the virus rather than antibodies are recommended for
children younger than 18 months [29]. However, most
uninfected HIV-exposed children have lost maternal
antibodies by 12 months of age; hence an HIV anti-
body-positive test at this age may thus be considered
indicative of HIV infection [29,49]. Since only three chil-
dren under 18 months of age tested HIV positive in our
study, the likelihood of maternal antibodies affecting the
results is low. We did not use an elaborate food security
status assessment as the tool did not include diverse
dimensions of food security. This may have implications
on our results, such as the observed lack of association
of food security status with nutritional outcomes.
Despite these limitations, a few strengths of the study
need mention. These relate to the purely random sam-
pling strategy employed and the high response rate for
the HIV test (95%). The small proportion of non-
response for the test was mainly due to labour migration
(of decision makers), which, mainly circular rural-urban
migration, is widespread in the area and characterise
such rural communities of South (and southern) Africa
[17,18].

The findings are important and reinforce the need to
focus on the nutritional status of all young children in
rural communities, including those infected or exposed
to HIV. Effective maternal interventions on nutrition
and care of young children are needed. Further, the
higher risk of poor nutritional outcomes in children
with very young mothers indicates need for community-
and school-based education to reduce early pregnancies,
and post-school training and job opportunities particu-
larly for girls. We further recommend interventions tar-
geting development of more disadvantaged areas,
including improved provision of basic services such as
water and sanitation, electricity and other basic infra-
structure. Additionally, improved legal and social inte-
gration of people of Mozambican origin for example
through accelerated provision of identity documents for
those who lack these may improve the nutritional status
of their children through prompt access to government
social grants such as child support grants.

Interventions to improve nutritional outcomes of
children infected or exposed to HIV may include
improving access to and utilization of PMTCT services
and targeted paediatric HIV screening and support to
infected children. Despite scale-up of PMTCT pro-
grams in South Africa in the last few years [31], access
to and utilization of these services remain a challenge
particularly in rural areas [50,51] and are in urgent
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need of improvement. Where PMTCT has failed, early
detection of HIV positive children is critical for appro-
priate medical management, reduction of morbidity
and mortality and improvement of quality of life [29].
The high level of paediatric HIV test uptake in the
study indicates that rapid tests for HIV screening in
children are acceptable in this rural community.
Further, in a one year qualitative follow-up study [33],
most caregivers of HIV positive children reported a
positive response to knowing the child’s status. This
knowledge was said to heighten caregiver’s own com-
petency in caregiving and health care seeking. Based
on these findings, the negative impact of HIV on the
growth of infected children [7,34], and the estimated
high impact of HIV infection on child mortality [32],
we recommend paediatric HIV screening at commu-
nity level for those exposed to HIV or suspected to be
at risk for HIV. This may be done using rapid tests
with appropriate follow-up measures in the presence of
HIV antibodies including definitive testing and support
to the mother/caregiver and her family including coun-
selling [29]. Interventions targeted specifically at HIV
positive children could include food supplementation
[34] and antiretroviral treatment [52].

Conclusion

This study documents poor nutritional status among
children aged 12-59 months and heightened nutritional
vulnerability in HIV positive children compared to their
HIV negative counterparts. Early paediatric HIV testing
of exposed or at risk children, followed by appropriate
medical care including antiretroviral treatment and
nutritional supplementation to infected children may
improve their nutritional status. In addition to HIV sta-
tus, other child, maternal and community-level charac-
teristics emerge as strong determinants of nutritional
outcomes in these children. Interventions that effectively
counter malnutrition are paramount if we are to address
the sequelae of poor child nutrition: poor cognitive
development, reduced human capital, premature mortal-
ity and other health consequences [2-4].

Abbreviations

HDSS: Health and socio-demographic surveillance system; AIDS: Acquired
immune deficiency syndrome; ANOVA: Analysis of variance; ART: Anti-
retroviral therapy/treatment; Cl: Confidence interval; HAZ: Height-for-age z-
scores; HIV: Human immunodeficiency virus; Kg: Kilogram; MDGs: Millennium
development goals; P: Probability; PMTCT: Prevention of mother to child
transmission of HIV; OR: Odds ratio; SD: Standard deviation; SES: Socio-
economic status; USD: United States dollar; WAZ: Weight-for-age z-scores;
WHO: World Health Organization; WHZ: Weight-for-height z-scores.

Acknowledgements

We acknowledge funding from the National Research Foundation (NRF) and
the Medical Research Council (MRC). The Agincourt health and socio-
demographic surveillance system, is funded by the Wellcome Trust, UK



Kimani-Murage et al. BVIC Pediatrics 2011, 11:23
http://www.biomedcentral.com/1471-2431/11/23

(Grant nos. 058893/Z/99/A and 069683/2/02/Z) with support from the
William and Flora Hewlett Foundation, USA. It is also a member of the
INDEPTH Network. Elizabeth Kimani-Murage had a PhD fellowship funded by
the William and Flora Hewlett Foundation, USA, while Dr. Shane Norris is on
a Wellcome Trust funded research fellowship. We acknowledge the
management and data collection teams at the MRC/Wits Rural Public Health
and Health Transitions Research Unit (Agincourt); the training and data-entry
teams from the Birth-To-Twenty Programme, University of the
Witwatersrand, South Africa, funded by the Wellcome Trust, UK (077210/2/
05/2); and the African Population and Health Research Center, Nairobi,
Kenya during preparation of this manuscript. We acknowledge Mark
Collinson for his technical contribution during design of the study, and
Professor Haroon Saloojee for his critical comments.

Author details

'MRC/Wits Rural Public Health and Health Transitions Research Unit
(Agincourt), School of Public Health, Faculty of Health Sciences, University of
the Witwatersrand, South Africa. “African Population and Health Research
Centre (APHRC), Nairobi Kenya. *MRC Mineral Metabolism Research Unit,
Department of Paediatrics, Faculty of Health Sciences, University of the
Witwatersrand, South Africa. “Umed Centre for Global Health Research,
Department of Public Health and Clinical Medicine, Umed University, Umea,
Sweden. INDEPTH Network, Accra, Ghana. ®School of Public Health, Faculty
of Health Sciences, University of the Witwatersrand, South Africa.
Department of Paediatrics, University of Cambridge, UK.

Authors’ contributions

EWK-M: Design of the study, project implementation and management,
data management and analysis, writing of the manuscript. Read and
approved the final manuscript. SAN: Design of the study, overall project
management, review of the manuscript. Read and approved final the
manuscript. JMP: Design of the study, review of the manuscript. Read and
approved the final manuscript. SMT: Design of the study, review of the
manuscript. Read and approved the final manuscript. KK-G: Analytic
guidance, review of the manuscript. Read and approved the final
manuscript. DD: Design of the study, review of the manuscript. Read and
approved the final manuscript. FXG: Project implementation and
management, review of the manuscript. Read and approved the final
manuscript. KK: Design of the study, overall project co-ordination, review of
the manuscript. Read and approved the final manuscript.

Competing interests
The authors declare that they have no competing interests.

Received: 11 December 2009 Accepted: 25 March 2011
Published: 25 March 2011

References

1. United Nations: The Millennium Development Goals Report. New York:
United Nations; 2008.

2. Black RE, Allen LH, Bhutta ZA, Caulfield LE, de Onis M, Ezzati M,

Mathers C, Rivera J: Maternal and child undernutrition: global and
regional exposures and health consequences. Lancet 2008,
371(9608):243-260.

3. Victora CG, Adair L, Fall C, Hallal PC, Martorell R, Richter L, Sachdev HS,
Maternal Child Undernutrition Study G: Maternal and child undernutrition:
consequences for adult health and human capital. Lancet 2008,
371(9609):340-357.

4. Grantham-McGregor S, Cheung YB, Cueto S, Glewwe P, Richter L, Strupp B:
Developmental potential in the first 5 years for children in developing
countries. Lancet 2007, 369(9555):60-70.

5. UNAIDS, WHO: AIDS epidemic update. Geneva: UNAIDS & WHO; 2007.

6. Wilson D, Pencharz P: Nutritional Care of the chronically ill. Nutrition
during infancy: birth to 2 years Cincinnati: Digital Educational Publishing Inc;
1997, 37-46.

7. Berhane R, Bagenda D, Marum L, Aceng E, Ndugwa C, Bosch RJ, Olness K:
Growth failure as a prognostic indicator of mortality in pediatric HIV
infection. Pediatrics 1997, 100(1):E7.

8. Hunter LM, Twine W, Patterson L: “Locusts are now our beef": adult
mortality and household dietary use of local environmental resources in
rural South Africa. Scand J Public Health 2007, 35(Suppl 69):165-174.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

Page 12 of 13

de Waal A, Whiteside A: New variant famine: AIDS and food crisis in
southern Africa. Lancet 2003, 362(9391):1234-1237.

Hien NN, Kam S: Nutritional status and the characteristics related to
malnutrition in children under five years of age in Nghean, Vietnam.

J Prev Med Public Health 2008, 41(4):232-240.

Linnemayr S, Alderman H, Ka A: Determinants of malnutrition in Senegal:
Individual, household, community variables, and their interaction. £con
hum Biol 2008, 6(2):252-263.

Pongou R, Ezzati M, Salomon JA: Household and community
socioeconomic and environmental determinants of child nutritional
status in Cameroon. BMC Public Health 2006, 6:98.

Department of Health: National HIV and syphilis antenatal seroprevalence
survey in South Africa: 2007. Pretoria: Department of Health; 2008.

Health Sciences Research Council (HSRC) South Africa: Food Security in
South Africa: Key Policy Issues for the Medium Term. Integrated Rural
and Regional Development, Southern African Regional Poverty Network.
Pretoria: HSRC South Africa; 2004.

Department of Health: National Food Consumption Survey-Fortification Baseline
(NFCS-FB):South Africa, 2005. Stellenbosch: Department of Health; 2007.

Gelb S: Inequality in South Africa: Nature, causes and responses.
Johannesburg: The EDGE Institute; 2003.

Collinson MA, Tollman SM, Kahn K: Migration, settlement change and
health in post-apartheid South Africa: triangulating health and
demographic surveillance with national census data. Scand J Public
Health 2007, 35(Suppl 69):77-84.

Collinson MA, Tollman SM, Wolff B, Kahn K: Trends in Internal Labour
Migration from Rural Limpopo Province, Male Risk Behaviour, and
Implications for the Spread of HIV/AIDS in Rural South Africa. J Ethn Migr
Stud 2006, 32(4):633-648.

Kahn K, Tollman SM, Collinson MA, Clark SJ, Twine R, Clark BD, Shabangu M,
Gomez-Olive FX, Mokoena O, Garenne ML: Research into health,
population and social transitions in rural South Africa: data and
methods of the Agincourt Health and Demographic Surveillance System.
Scand J Public Health 2007, 35(Suppl 69):8-20.

Tollman SM, Herbst K, Garenne M, Gear JS, Kahn K: The Agincourt
demographic and health study-site description, baseline findings and
implications. S Afr Med J 1999, 89(8):858-864.

Filmer D, Pritchett LH: Estimating wealth effects without expenditure
data-or tears: an application to educational enrollments in states of
India. Demography 2001, 38(1):115-132.

Kimani-Murage E, Kahn K, Pettifor J, Tollman S, Dunger D, Gomez-Olive X,
Norris S: The prevalence of stunting, overweight and obesity, and
metabolic disease risk in rural South African children. BMC Public Health
2010, 10(1):158.

Lohman TG, Roche AF, Martorell R: Anthropometric standardization
reference manual. Champaign, IL: Human Kinetics Books; 1991.

World Health Organization: WHO Anthro 2005, Beta version Feb 17th,
2006: Software for assessing growth and development of the world’s
children. Beta version Feb 17th, 2006 Geneva: WHO; 2006.

WHO Multicentre Growth Reference Study Group: WHO Child Growth
Standards based on length/height, weight and age. Acta Paediatr Suppl
2006, 450:76-85.

World Health Organisation (WHO): WHO Child Growth Standards:
Methods and development: Length/height-for-age, weight-for-age,
weight-for-length, weight-for-height and body mass index-for-age.
Geneva: WHO; 2006.

Habicht J, Martorell R, Yarbrough C, Malina R, Klein R: Height and weight
standards for preschool children. How relevant are ethnic differences in
growth potential? Lancet 1974, 1(7858):611-614.

World Health Organisation (WHO): Physical status: the use and
interpretation of anthropometry. WHO Technical Report Series 854 Geneva:
WHO; 1995.

World Health Organization: Antiretroviral therapy of HIV infections in
infants and children in resource-limited settings: Towards Universal
Access. Geneva: WHO; 2006.

Shisana O, Rehle T, Simbayi LC, Parker W, Zuma K, Bhana A, Connolly C,
Jooste SVP: South African national HIV prevalence, HIV incidence,
behaviour and communication survey, 2005. Cape Town: HSRC Press;
2005.

Barron P, Day C, Monticelli F, eds: The District Health Barometer 2006/07.
Durban: Health Systems Trust; 2007.


http://www.ncbi.nlm.nih.gov/pubmed/18207566?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18207566?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18206223?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18206223?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17208643?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17208643?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9200381?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9200381?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/14568749?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/14568749?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18664729?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18664729?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18603490?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18603490?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16618370?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16618370?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16618370?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20396611?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20396611?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20396611?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10488362?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10488362?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10488362?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11227840?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11227840?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11227840?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20338024?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20338024?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16817681?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16817681?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/4132271?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/4132271?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/4132271?dopt=Abstract

Kimani-Murage et al. BVIC Pediatrics 2011, 11:23
http://www.biomedcentral.com/1471-2431/11/23

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

Dorrington RE, Johnson LF, Bradshaw D, Daniel T: The Demographic
Impact of HIV/AIDS in South Africa. National and Povincial Indicators for
2006. Cape Town: Centre for Actuaturial Research, South African Medical
Research Council and Actuarial Society of South Africa; 2006.
Kimani-Murage EW, Manderson L, Norris SA, Kahn K: 'You opened our
eyes”: care-giving after learning a child’s positive HIV status in rural
South Africa. Health Soc Care Comm 2009, 9999(9999).

Villamor E, Fataki MR, Bosch RJ, Mbise RL, Fawzi WW: Human
immunodeficiency virus infection, diarrheal disease and
sociodemographic predictors of child growth. Acta Paediatr (Oslo, Norway:
1992) 2004, 93(3):372-379.

Eley BS, Sive AA, Abelse L, Kossew G, Cooper M, Hussey GD: Growth and
micronutrient disturbances in stable, HIV-infected children in Cape
Town. Ann Trop Paediatr 2002, 22(1):19-23.

Assis AM, Barreto ML, Santos LM, Fiaccone R, da Silva Gomes GS: Growth
faltering in childhood related to diarrhea: a longitudinal community
based study. Eur J Clin Nutr 2005, 59(11):1317-1323.

Bulterys M, Chao A, Munyemana S, Kurawige JB, Nawrocki P, Habimana P,
Kageruka M, Mukantabana S, Mbarutso E, Dushimimana A: Maternal human
immunodeficiency virus 1 infection and intrauterine growth: a
prospective cohort study in Butare, Rwanda. Pediatr Infect Dis J 1994,
13(2):94-100.

Weng S, Bulterys M, Chao A, Stidley CA, Dushimimana A, Mbarutso E,
Saah A: Perinatal human immunodeficiency virus-1 transmission and
intrauterine growth: a cohort study in Butare, Rwanda. Pediatrics 1998,
102(2):24.

Saloojee H, De Maayer T, Garenne ML, Kahn K: What's new? Investigating
risk factors for severe childhood malnutrition in a high HIV prevalence
South African setting. Scand J Public Health 2007 35(Suppl 69):96-106.
Odunayo SI, Oyewole AO: Risk factors for malnutrition among rural
Nigerian children. Asia Pac J Clin Nutr 2006, 15(4):491-495.

Patwari AK: Diarrhoea and malnutrition interaction. Indian J Pediatr 1999,
66(1 suppl):S124-134.

Steyn NP, Nel JH, Nantel G, Kennedy G, Labadarios D: Food variety and
dietary diversity scores in children: are they good indicators of dietary
adequacy? Public Health Nutr 2006, 9(5):644-650.

Kabubo-Mariara J, Ndenge GK, Mwabu DK: Determinants of Children’s
Nutritional Status in Kenya: Evidence from Demographic and Health
Surveys. J African Economies 2008.

Hargreaves J: Village typology: The Agincourt field site. Descriptive
results and preliminary discussion. Working Papers Johannesburg:
Agincourt Health and Population Unit, University of the Witwatersrand;
2000.

Dolan CG, Tollman SM, Nkuna VG, Gear JS: The Links between Legal
Status and Environmental Health: A Case Study of Mozambican
Refugees and Their Hosts in the Mpumalanga (Eastern Transvaal)
Lowveld, South Africa. Health Hum Rights 1997, 2(2):62-84.

Hargreaves JR, Collinson MA, Kahn K, Clark SJ, Tollman SM: Childhood
mortality among former Mozambican refugees and their hosts in rural
South Africa. Int J Epidemiol 2004, 33(6):1271-1278.

Kahn K, Collinson M, Hargreaves J, Clark S, Tollman S: Socio-economic
status and child mortality in a rural sub-district of South Africa. In
Measuring health equity in small areas - Findings from demographic

surveillance sites. Edited by: de Savigny D, Debpuur C, Mwageni E, Nathan R,

Razzaque A, Setel P. Aldershot: Ashgate Publishing; 2005:67-86.

Brahmbhatt H, Kigozi G, Wabwire-Mangen F, Serwadda D, Lutalo T,
Nalugoda F, Sewankambo N, Kiduggavu M, Wawer M, Gray R: Mortality in
HIV-infected and uninfected children of HIV-infected and uninfected
mothers in rural Uganda. J Acg Immun Def Synd 2006, 41(4):504-508.
Moodley D, Bobat RA, Coutsoudis A, Coovadia HM: Predicting perinatal
human immunodeficiency virus infection by antibody patterns. Pediatr
Infect Dis J 1995, 14(10):850-852.

Department of Health: HIV and AIDS and STl strategic plan for South
Africa, 2007-2011. Pretoria: Department of Health, Republic of South Africa;
2007.

Doherty T, Besser M, Donohue S, Kamoga N, Stoops N, Williamson L,

Visser R: An evaluation of the PMTCT initiative in South Africa: Lessons
and key recommendations. Durban: Health Systems Trust; 2003.

Kabue MM, Kekitiinwa A, Maganda A, Risser JM, Chan W, Kline MW: Growth
in HIV-infected children receiving antiretroviral therapy at a pediatric

Page 13 of 13

infectious diseases clinic in Uganda. Aids Patient Care ST 2008,
22(3):245-251.

Pre-publication history
The pre-publication history for this paper can be accessed here:
http://www.biomedcentral.com/1471-2431/11/23/prepub

doi:10.1186/1471-2431-11-23
Cite this article as: Kimani-Murage et al: Nutritional status and HIV in
rural South African children. BMC Pediatrics 2011 11:23.

Submit your next manuscript to BioMed Central
and take full advantage of:

e Convenient online submission

e Thorough peer review

¢ No space constraints or color figure charges

¢ Immediate publication on acceptance

¢ Inclusion in PubMed, CAS, Scopus and Google Scholar

¢ Research which is freely available for redistribution

Submit your manuscript at
www.biomedcentral.com/submit

( BiolMed Central



http://www.ncbi.nlm.nih.gov/pubmed/11926045?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11926045?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11926045?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16077743?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16077743?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16077743?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8190558?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8190558?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8190558?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9685470?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9685470?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17077064?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17077064?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11132459?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16923296?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16923296?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16923296?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10381829?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10381829?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10381829?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10381829?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15319405?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15319405?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15319405?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8584310?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8584310?dopt=Abstract
http://www.biomedcentral.com/1471-2431/11/23/prepub

	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Study Setting and Population
	The Agincourt Health and Demographic Surveillance System (HDSS)
	Growth Survey
	Ethical Clearance
	Data Analysis

	Results
	Characteristics by HIV status
	Nutritional outcomes
	Determinants of child nutritional status
	Height- and weight-for-age and weight-for-height z-scores
	Stunting, underweight and wasting

	Summary of determinants

	Discussion
	Conclusion
	Acknowledgements
	Author details
	Authors' contributions
	Competing interests
	References
	Pre-publication history


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


