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The study investigates the risk exposure to HIV infection among South African children aged 2-9 years served by public health services. Together with their biological mothers, 3471 children and were recruited from inpatient and outpatient children in the Free State Province. Blood samples were taken by professional nurses and a history taken of exposure factors associated with HIV transmission. DNA testing was used to confirm biological maternity where the child was HIV-positive and the mother HIV-negative. Mother-child pairs were stratified by mother’s HIV status. Exposure factors related to the child’s HIV status were examined in each stratum using a chi-square test. Independent factors were then included in a multiple logistic regression model. Having an HIV-positive mother was strongly related to HIV infection in children (OR: 310; 95%CI: 148-781). However, seven HIV-positive children had HIV-negative mothers. Transmission in this group was significantly associated with breastfeeding by a non-biological mother (OR: 437; 95%CI: 53-5020), being fed with expressed breast milk from a milk room (OR: 37.6; 95%CI: 6.2-259.0), dental injection history (OR: 31.5; 95%CI: 4.5-189.4) and visits to a dentist (OR: 26.9; 95%CI: 4.4-283.5). Although mother-to-child-transmission is shown to be the primary mode of HIV transmission in South African children, the few HIV-positive children infected by other modes of transmission suggest a potential risk of non-vertical HIV infections. These infections can be prevented through education and improved infection-control procedures.
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Introduction
A 2002 national population survey found a high HIV prevalence among South African children aged 2-14 years, i.e. 5.6% (95%CI: 3.7-7.4) (Nelson Mandela/ HSRC study of HIV/AIDS, 2002). By 2005, the Department of Health had revised its estimates to include HIV in children less than 15 years old. Projections based on the antenatal survey yielded estimates of 235,060, or 4.2%, of children under 15 years who were living with HIV/AIDS in 2005 (Department of Health, 2006). The 2005 HSRC national survey (Shisana, Rehle, et al., 2005a) pro-vided more detail on the rate of infection levels for children of different age groups. Among children aged 2-5 years the prevalence was 5.4% (95%CI: 3.1-9.0) and in children aged 5-9 years it was 4.8% (95%CI: 2.8-8.0) and in the age group of 10-14 years, it was 1.7% (95%CI: 0.9-3.4), contributing to the overall HIV prevalence in children 2-14 years of age 3.3% (95%CI: 2.3-4.8). This raises concerns that the HIV prevalence among children is serious enough to warrant investigation of exposure to risk of infection. The overwhelming majority of children who are HIV-positive  are  usually  infected  through  the

mother-to-child-transmission route. Without the pro-vision of antiretroviral therapy and improved infant feeding practices, 15-45% of the children born to HIV-positive mothers may become infected and 15-20% will become infected through breastfeeding (Newell, Brahmbhat & Ghys, 2004).
Besides mother-to-child transmission of HIV there are other risk exposures, such as sexual abuse, scarification and nosocomial routes. Because of ethical reasons, not much research has been con-ducted to estimate the proportion of children infected through sexual abuse, even though sexual abuse of children is said to be common in South Africa (Jewkes, Levin, Mbanaga & Bradshaw, 2002; Meel, 2003). Far less research has been conducted on traditional practices such as scarification for medic-inal purposes, nor ear piercing practices or any of these practices that might expose children to HIV infection. With respect to the nosocomial route of transmission, some research already exists to suggest that children contracted HIV through failure to implement adequate infection control practices.
Gisselquist, Rothenberg, Potterat and Drucker (2002a) challenged the conventional hypothesis that



*Corresponding author. Email: oshisana@hsrc.ac.za

ISSN 0954-0121 print/ISSN 1360-0451 online
# 2008 Taylor & Francis
DOI: 10.1080/09540120701771705
http://www.informaworld.com


756  O. Shisana et al.

AIDS Care  757


HIV infections in Africa are driven heterosexually. They later estimated that sexual transmission ex-plained only about a third of HIV infections, leaving a large proportion to be explained by other routes such as healthcare - injections, transfusions, dental care or other parenteral exposures (Gisselquist, & Potterat, 2003). While the true size of the problem is probably much smaller than suggested, there are instances where a large number of children served in healthcare facilities were infected through failure of healthcare workers to implement adequate infection control procedures. In Romania more than 10,000 institutionalised children were infected through blood transfusions and infected needles in 1989 (Matic, Lazarus, & Donoghoe, 2006) and in Libya 400 children were infected through the nosocomial route (Visco-Comandini et al., 2002).
In Africa, there seems to be a growing body of evidence that a significant proportion of children are infected non-vertically. Gisselquist, Potterat and Brody (2004), after reviewing studies conducted in Africa, concluded that in nine African studies, HIV prevalence in inpatient children ranged from 8.2-63% and indicated that unexplained HIV infections in African children are common. Furthermore, the researchers in these studies have recorded more than
300 HIV-infected children with HIV-negative mothers. Omatade, Olaleve, Saliu, Odaibo and Ade-vemo (2001) found only one HIV-positive concordant mother-child pair out of 460 randomly selected pairs in South Western Nigeria. They also found that HIV prevalence in children was higher in rural than in urban areas. They suggested that high-risk practices such as re-use of unsterilised needles for injections and surgical knives in local scarification practices may be potential sources of major modes of HIV transmission in Southwest Nigeria. The role of scarification in HIV transmission was investigated in Zimbabwe and the researchers found that the HIV risk was greater among those who were scarified compared with those who were not (Gomo, Chibatamoto, Chandiwana, & Sabeta, 1997). However, in the South African national HIV survey of 2005, HIV incidence was similar among those who reported history of scarification in the past 12 months and those who did not (Thomas Rehle, personal communication).
Although the work of Gisselquist and his collea-gues has generated substantial debate on medically acquired HIV infections, few rigorous studies de-signed specifically to assess the link between poor infection control practices and risk of exposure to HIV have been conducted. In South Africa this becomes crucial given that the country is the epicentre of the AIDS epidemic. It is even more important because infection control in South African health

facilities is inadequate. In one study of a probability sample of South African public and private hospitals and primary healthcare facilities, 65% had an inade-quate supply of sterilizing equipment most of the time (Shisana et al., 2003). This suggests that patients and healthcare workers were at risk of nosocomial HIV transmission because of inadequate implementation of standard precautions and a reliable infection-control programme that emphasises the use of sterile equipment. Uys & Naidoo (2004) also reported poor infection control in some district hospitals in South Africa.
Given the high HIV prevalence among children and the evidence that infection-control practices in healthcare facilities are poor, it was important to conduct a study to investigate the exposure risk of children to HIV.

Study setting
A cross-sectional study was conducted in the Free State province to achieve the objectives listed below. The Free State is one of the nine provinces in South Africa. It has a population of 2.7 million people, 19% are under 10 years of age. Approximately 16% of the population aged 20 years or older has no schooling and 17.6% is unemployed (Statistics South Africa, 2003). The overwhelming majority of people live in urban areas. The province had an infant mortality rate of 68 per 1000 population in one year in 2003, and HIV prevalence among pregnant women was 30.1% in the same year (Free State Department of Health, 2003). The Free State’s race, fertility, formal housing and unemployment levels are typical of South Africa.

Objectives
The objectives of this study were: (1) to estimate the proportion of HIV-positive children aged 2-9 years whose biological mother was known to be HIV-negative; and (2) to identify healthcare-related risk factors for acquiring HIV infection in children aged 2-9 years whose mothers HIV status was known to be either positive or negative.

Methods
During April and July 2004 children served in all 25 public hospitals and selected 54 primary health clinics (PHCs) and all three community health centres were selected for participation in the survey. Sample selec-tion was based on the list: ‘‘Free State Province PHC headcount under five years 2002-2003 financial year’’. An attempt was made to sample at least one clinic from each sub-district so the cut-off depended on the size of the clinics in the sub-district. Clinics were



selected if they met all four criteria: (1) they served over 1000 children a year; (2) they were located near a hospital; (3) a doctor visited the clinic; and (4) there was a private room for conducting voluntary counsel-ing and testing. A blood sample was taken from any child either hospitalized or served as an outpatient. The mother and the child were included in the survey if the former consented to HIV and DNA testing to determine if she was the child’s biological mother.
Mobile clinics and psychiatric hospitals were excluded from the survey. Mothers who had psychia-tric conditions that would have prevented them from giving informed consent to participate in the study were excluded. Non-biological care-givers who brought children to the healthcare facilities were excluded from the analysis.
Registered professional nurses were appointed and trained to conduct interviews and take blood specimens for testing and for ensuring anonymity of HIV test results, but allowing for positive linkage using bar codes. The interview schedule included demographic characteristics of the child and mother, exposure to body fluids such as blood and breast milk (from non-biological and biological mothers), expo-sure to expressed breast milk stored in hospital milk rooms, scarification, history of hospitalization, re-ceiving dental care, being injected for various reasons including immunization, dental care or medical purposes, blood transfusion, etc.
Using the provincial Voluntary Counseling and Testing Protocol, the mother was first interviewed and then underwent pre-test counseling, followed by an HIV test and a DNA test and finally received post-test counseling. The mother and child were screened through a rapid HIV test (‘Determine’ by Abbott). All positive specimens were retested using a second rapid HIV test (‘Unigold’ by Trinity Biotech). Speci-mens that were positive in the first test and negative in the second test were subjected to a third test using HIV ELISA (Abbott HIV-1/2 Axsym EIA test) as a tiebreaker. The HIV test results were communicated immediately to the mother, while the DNA test had to be sent to the laboratory and hence not commu-nicated to the mother.
The DNA testing was done for all HIV discordant mother/child pairs to confirm if the putative mother was indeed the biological mother. Blood specimens were obtained from both the child and mother in an EDTA tube (mauve-capped Vacutainer) and labeled with a barcode. The ethnic group of the mother was recorded to enhance determination of the mother’s biological motherhood status.
The informed consent process entailed providing information to women on the purpose of the study, what was to be done, how confidentiality and

anonymity would be ensured, what the rights of the participants were and any risks associated with the study. Only those who agreed to participate were included in the study. The research protocol was submitted to the ethics committee of the Stellenbosch University, which subsequently approved it. Partici-pation was voluntary and no incentives were given to induce it.

Statistical analysis
Children tested for HIV who were accompanied by their biological mothers were included in the analysis. Mother-child pairs were stratified by mother’s HIV status. Exposure factors associated with HIV trans-mission were examined for each stratum using Chi-Square tests. Independent factors were then included in a multiple logistic regression model. Odds ratios and 95% confidence intervals are reported. Data were analysed using STATA V8 and SPSS.

Results
Of the 4173 women invited to participate in the study, 4113 (98.6%) consented to be interviewed. The HIV testing response rate among mothers was 98.4% and 99.3% among the children. Of these, 583 were not biological mothers of the children they brought to the healthcare facility and were excluded, as were the 59 women and children who had missing HIV results. The remaining 3471 mother-child pairs were included in the analysis.
Of the 3471 mother-child pairs, the majority (3020; 87%) were recruited from clinics and hospital outpatient departments. The children were evenly balanced between male and female. The vast majority were African and from clinics in rural towns. There were slightly more children aged 2-4 compared to those aged 5-9 (Table 1).
The majority of the children (3247; 94.3%) were reported to have been breastfed at birth by their biological mother. Of those children who had been breastfed, 9.9% had been breastfed for less than three months, 8.2% for 3-6 months, 15.1% for 6-12 months; and 66.9% for more than a year.
The overall prevalence of HIV infection among children in the study was 13.9% (13-15%). Of the 1014 children with HIV-positive mothers, 477 (47%) were HIV-positive. As anticipated, the factor most strongly associated with HIV infection among chil-dren was having a mother who was HIV-positive (OR: 310; 95%CI: 148-781). However, of the 2457
children with HIV-negative mothers, seven (0.28%) were HIV-positive. These children could not have been infected through mother-to-child-transmission



Table 1. Demographic characteristics of the study population.

	Characteristics
	n
	%

	Overall
	3471
	

	Sex
	
	

	Male
	1772
	50.0

	Female
	1720
	50.0

	Race
	
	

	African
	3334
	97.0

	Coloured
	81
	2.4

	Indian
	11
	0.3

	White
	12
	0.3

	Age group 2-4 years
	
1960
	
56.5

	5- 9 years
	1511
	43.5

	Locality type
	
	

	City
	139
	4.1

	Town
	2459
	72.1

	Rural village
	713
	20.9

	Farm
	99
	2.9

	Facility type

	Hospital
	944
	27.2

	Clinic
	2527
	72.8

	Patient status
	
	

	Inpatient
	451
	13.0

	Outpatient
	3020
	87.0

	District
	
	

	Motheo
	824
	23.7

	Xhariep
	238
	6.9

	Thabo-mjofutsanyana
	648
	24.4

	Lejweleputswa
	704
	20.3

	North Free State
	859
	24.7

	Ethnicity
	
	

	Sotho
	3115
	93.4

	Tswana
	110
	3.3

	Xhosa
	65
	1.9

	Zulu
	26
	0.8

	English
	9
	0.3

	Afrikaans
	3
	0.1



and must have been infected through another mode of transmission. These seven discordant mother-child pairs, therefore, represent a unique opportunity for increasing our understanding of the relative contribu-tion of the modes of transmission other than mother to child. For this reason the analysis was stratified by the mother’s HIV serostatus.

Factors associated with HIV infection among children with HIV-positive mothers
Among the 1014 children with an HIV-positive mother, HIV infection was significantly associated

with younger age (OR: 0.7; 95%CI: 0.5-0.9), a history of hospitalisation (OR: 1.7; 95%CI: 1.3-2.3), having received an injection in the past 12 months (OR: 1.5; 95%CI: 1.1-2.0), having visited a traditional healer (OR: 2.0; 95%CI: 1.5-2.7), scar-ification (OR: 1.4; 95%CI: 1.0-2.1) and having been breastfed by a non-biological mother (OR: 5.0; 95%CI: 2.3-10.8) (Table 2). Children aged 5-9 years had a lower chance of being HIV-positive than children 2-4 (OR: 0.7; 95%CI: 0.5-0.9). Among children with HIV-positive mothers, HIV infection was not associated with sex of the child, a history of blood transfusion, immunisation at a public health facility; visiting a dentist; injection at a dental care facility; or using milk from a milk room.

Factors associated with HIV infection among children with HIV-negative mothers
Among the 2457 children with an HIV-negative mother, four factors were significantly associated with the child being HIV-positive: having been breastfed by a non-biological mother (OR: 437; 95%CI: 53-5020); having been fed with expressed breast-milk from a milk-room (OR: 37.6; 95%CI: 6.2-259); a history of dental injections (OR: 31.5; 95%CI: 4.5-189.4) and a history of having visited a dentist (OR: 26.9; 95%CI: 4.4-283.5) (Table 3).
Exposure to the risk factors, however, was low. Overall, only 15 (0.6%) of the children of HIV-negative mothers had a history of having been breastfed by someone other than their biological mother and 88 of 2457 (3.6%) HIV-negative mothers reported having made use of a milk-room. Exposure to dentists and dental injections was slightly higher with 210 (8.7%) of children visiting a dentist and 60 (2.4%) receiving dental injections. So although ex-posure was rare, those exposed experienced a sig-nificantly higher HIV prevalence than those not exposed.
Among mother-child pairs with HIV-negative mothers, HIV infection was not associated with age group; prior history of hospital admission; history of blood transfusion; injections; immunisations; visiting a traditional healer; or scarification. Although not statistically significant, six of the seven HIV-positive children were girls, OR: 5.9 (95%CI: 7-272) and all seven HIV-positive children came from only two of the five districts included in the study (five from Thabo Mofutsanyana and two from Motheo). As only seven of the children with an HIV-negative mother were HIV-positive, it was not possible to adjust the odds ratios for potential confounders among children with HIV-negative mothers.

Table 2. Factors associated with HIV infection among children with HIV-positive mothers (n =1014). 	
OR (95%CI)
OR (95%CI)
Risk factor
Total
HIV-positive
(unadjusted)2
(adjusted)3
p-value1
Sex





Male
517
227
Referent


Female
492
245
1.3 (1.0-1.6)


Age group





2-4 years
564
291
Referent
Referent

5-9 years
450
186
0.7 (0.5-0.9)
0.7 (0.5-0.9)
0.01

Prior history of a hospital admission
No
724
309
Referent
Referent

Yes
283
167
1.9 (1.4-2.6)
1.7 (1.3-2.3)
0.001
History of a blood transfusion
No
1000
470
Referent
Yes
14
7
1.1 (0.3-3.8)
Injection in the past 12 months
No
500
195
Referent
Referent

Yes
514
282
1.9 (1.5-2.5)
1.5 (1.1-2.0)
0.005
Immunisation at a public health facility
No
563
236
Referent
Yes
451
241
1.6 (1.2-2.1)
Ever visited a dentist
No
919
435
0.8 (0.5-1.3)
Yes
78
33

Injection at a dental care facility
No
998
466
Referent
Yes
16
11
2.5 (0.8-9.3)

Ever visited a traditional healer





No
636
249
Referent
Referent

Yes
365
223
2.4 (1.9-3.2)
2.0 (1.5-2.7)
0.001
Scarification
No
798
342
Referent
Referent

Yes
210
130
2.1 (1.6-3.0)
1.4 (1.0-2.1)
0.05
Breastfed by a non-biological mother
No
979
431
Referent
Referent

Yes
45
36
4.8 (2.2-11.5)
5.0 (2.3-10.8)
0.001
Fed with breast-milk from a milk room





No
953
447
Referent
Yes
61
30
1.1 (0.6-1.9)



Number
















































1Non siginificant factors were dropped from the model.
2Uadjusted OR; univariate Odds Ratio not adjusted for any possible confounders.
3Adjusted OR: Odds ratios adjusted for confounders in a multi variable logistic regression model.


Discussion
The phenomenon observed in this study of HIV-positive children with HIV-negative biological mothers substantiates the observation by Hiemstra et al. (2004) that there exist a small number of HIV-positive children with sero-negative parents. While the

number of serodiscordant pairs in this study was minute, a subsequent national population survey found that the phenomenon is probably very common among children aged 2-14 years (Rehle et al., 2007), suggesting that the proportion of children who acquire HIV non-vertically is larger than previously thought.

Table 3. Factors associated with HIV infection among children with HIV-negative mothers (n =2457).

Number

	Risk factor
Sex
Male
	Total

1205
	HIV-positive

1
	OR (95%CI)2

Referent
	p-value1

	Female
	1228
	6
	5.9 (0.7-272)
	0.06

	Age group 2-4 years
	
1396
	
4
	
Referent
	

	5-9 years
	1061
	3
	1.0 (0.1-5.8)
	0.9

	Prior history of a hospital admission

	No
	1927
	4
	Referent
	

	Yes
	498
	3
	2.9 (0.4-17.3)
	0.1

	History of a blood transfusion

	No
	2443
	7
	Referent
	

	Yes
	14
	0
	Not applicable
	0.8

	Injection in the past 12 months
	
	
	
	

	No
	1237
	3
	Referent
	

	Yes
	1220
	4
	1.4 (0.2-9.3)
	0.7

	Immunisation at a public health facility

	No
	1402
	4
	Referent
	

	Yes
	1055
	3
	1.0 (0.1-5.9)
	0.9

	Ever visited a dentist

	No
	2210
	2
	Referent
	

	Yes
	210
	5
	26.9 (4.4-283.5)
	0.001

	Injection at a dental care facility

	No
	2397
	4
	Referent
	

	Yes
	60
	3
	31.5 (4.5-189.4)
	 0.001

	Ever visited a traditional healer

	No
	1690
	6
	Referent
	

	Yes
	734
	1
	0.4 (0.01-3.2)
	0.4

	Scarification

	No
	2069
	6
	Referent
	

	Yes
	379
	1
	0.9 (0.02-7.5)
	0.9

	Breastfed by a non-biological mother

	No
	2406
	2
	Referent
	

	Yes
	15
	4
	437 (53-5020)
	0.001

	Fed with breast-milk from a milk room

	No
	2369
	3
	Referent
	

	Yes
	88
	4
	37.6 (6.2-259)
	0.001


1Non-siginificant factors were dropped from the model.
2Uadjusted OR; univariate Odds Ratio not adjusted for any possible confounders.


The study results also suggest that the over-whelming majority of HIV-positive children have HIV-positive mothers, implying as expected that mother-to-child-transmission of HIV is dominant.
The finding that 47% of HIV-positive mothers had HIV-positive children is consistent with previous research findings, which show that without prophy-lactic treatment with antiretroviral therapy, it is

expected that about 15-45% of HIV-positive mothers will have HIV-positive children (Newell et al., 2004). Although sex of the child and HIV status were not significantly correlated in this study, further investi-gation is warranted. Sexual transmission of HIV infection among children was mooted earlier by Lindegren et al. (1998) and argued that this was a likely but unrecognised public health problem



particularly for children whose mothers are HIV-antibody negative. These researchers called for pro-fessionals to be aware of the risk for HIV transmis-sion among children who have been sexually abused. In this study we were unable to investigate sexual abuse as an HIV risk factor among these children because of possible litigation from the accused, which if it happened, we would be unable to defend due financial constraints.
Analysis of other possible risk factors, such as healthcare-related or traditional practices, shows that four are associated with HIV infections in HIV-positive children with HIV-negative mothers. These children: (1) had been breastfed by non-biological mothers; (2) had been fed with expressed milk from a hospital milk room; (3) had visited a dentist; and/or
(4) had experienced dental injections. These are discussed further below.
The practice of breastfeeding someone else’s child and its relationship to HIV is a newly identified phenomenon. In the South African population, 3.5% of African women reported that they breastfed a child who is not their own (unpublished figure from the 2005 HSRC survey). In a high-HIV-prevalent coun-try like South Africa, where 5.4 million people are HIV infected and most are in the child-bearing age, it is very risky for women to breastfeed someone else’s child, particularly that more than two million HIV-positive people (mostly women) do not know that they are HIV-infected (Shisana et al., 2005a).
The observation that HIV-positive children with sero-negative mothers had a history of being fed with milk from a milk room can be explained by the observation in a concurrent study of milk rooms and infection-control practices in the same hospitals from which the children were sampled (Shisana et al., 2005b).1 The study found that a third of the breast milk samples selected randomly had evidence of HIV viral RNA, furthermore there was mislabeling of milk bottles, leading to children being fed with HIV-positive milk from another mother. This is an important preventable risk factor given that the high percentage (24.7%) of mothers who gave expressed milk to the milk room was HIV-positive. According to Elke de Witt, the Free State health department spokesperson (Medical News Today, 2005), the Free State Department of Health has since introduced correct labeling of the milk in the milk room to prevent inadvertent transmission of HIV to children. The finding that HIV-positive children whose mothers were sero-negative had visited a dentist and/or received dental injections can be explained also by the results of a concurrent study of infection control and dental care practices. The study showed that there was inadequate infection control in dental

care services, with two districts where single dental injections were less frequently available and with some having evidence of occult blood, including in the immediate vicinity of the dental service, suggest-ing that the potential for transmitting HIV existed in these facilities. This study was conducted in 24 state dental clinics in South Africa and it revealed that 25% of the tested dental equipment was contami-nated just before it was used on patients and 37% of working surfaces and surrounding areas in dental clinics were also contaminated (Mehtar, Shisana, Mosala, & Dunbar, 2007). In a study conducted in Libya, HIV-positive children with HIV-negative par-ents showed a history of visiting the same hospital 1-
6 times and having invasive procedures that were likely to transmit blood virus perfomed at each visit (Yerly et al., 2001).
The observation that: (a) history of hospitaliza-tion; (b) having received an injection in the past 12 months; (c) having visited a traditional healer and; (d) having been scarified are associated with the HIV-positive status of children whose mothers are sero-positive is likely to be confounded with the possibility that the child was sick and hence needed to receive these health services. Simonsen, Kane, Lloyd, Zaffran and Kane (1999) estimate that a person in the developing world receives 1.5 injections a year, with children and adults who are ill and in hospitals exposed to 10-100 times as many injections.
The observation that age was significant, with younger children compared with older children were likely to be HIV-positive, is consistent with the mother-to-child-transmission route in this group. The observation that being fed by a non-biological mother is related to HIV for both the HIV-negative and HIV-positive makes it difficult to disentangle a cause-effect relationship, e.g. a child infected by a non-biological mother during the process of breast-feeding might become the source of infection for the biological mother. This can only be studied ade-quately using a longitudinal study design.

Conclusion
This study sets out to estimate the proportion of HIV-positive children aged 2-9 years whose biologi-cal mother was known to be HIV-negative and found that, while the phenomenon is not common, it does exist and warrants further investigation. Given that parents were asked to recall events that occurred over a long period, there is a possibility of recall bias. A longitudinal study design that will allow for collection of information through diaries and also study of the temporal sequence between exposure and infection is warranted.



A question could be raised as to whether there was selection bias that explains the low proportion of HIV-serodiscordant mother-child pairs found in the study. This is unlikely, given that all 25 public hospitals, all 54 clinics and all 3 community health centres were selected for participation in the survey. Moreover, the response rate for testing was very high at 98.4% for mothers and 99.3% for children.
Finally, the confirmation of biological maternity by DNA testing reduces bias in attribution of HIV infection to vertical transmission. Therefore, HIV-positive children with HIV-negative mothers could only have been infected from a non-vertical source. It is only among the positive concordant pairs that the method of transmission cannot be determined.
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Note
1. The cross-sectional study was conducted concurrently with studies on infection control practices in maternity, pediatric and medical wards as well as dental facilities. The methodology for these studies differed. The chil-dren’s study focused on children, while the remaining three focused on practices related to the provision of services, including milk room practices occurring in pediatric wards.
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