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Introduction

Use of antiretroviral therapy (ART), elective caesarean section and avoidance of breast feeding have led to a reduction in mother-to-child HIV transmission (MTCT) rates in resource-rich settings from around 20% to less than 2% (European Collaborative Study, 2005b;[START_REF] Magder | Risk factors for in utero and intrapartum transmission of HIV[END_REF]Townsend et al., 2008a). In 2006, over 95% of HIVinfected pregnant women delivering in the UK were diagnosed prior to delivery (The UK Collaborative Group for HIV and STI Surveillance, 2007), and over 95% of these were prescribed ART either to reduce the risk of MTCT or for their own health (Townsend et al., 2008a). These developments, along with the increased prevalence of HIV infection in pregnant women in the UK, which doubled between 2001 (0.11%) and 2006 (0.23%) (The UK Collaborative Group for HIV and STI Surveillance, 2007), contributed to an increase in the number of ART-exposed uninfected infants from about 390 in 2001 to about 1100 in 2006 (NSHPC data).

There are potential short-and long-term risks associated with ART exposure in utero and in early life (Thorne & Newell, 2005). The teratogenic nature of some antiretroviral drugs has been demonstrated in animal studies (Public Health Service Task Force, 2007b), though large studies in humans have not found an association between ART exposure and prevalence of congenital abnormalities (Antiretroviral Pregnancy Registry Steering Committee, 2007;European Collaborative Study, 2005a;Thorne & Newell, 2005;Townsend, Tookey, Cortina-Borja & Peckham, 2006a) , 1999). However a review of mortality in more than 20,000 children in five US cohorts did not identify any deaths associated with mitochondrial dysfunction (The Perinatal Safety Review Working Group, 2000). The French group also reported that exposure to ART was associated with febrile seizures in children under 18 months of age [START_REF] Landreau-Mascaro | Risk of early febrile seizure with perinatal exposure to nucleoside analogues[END_REF]. As NRTIs become incorporated into host DNA, there is potential for long-term carcinogenic effects; tumours have been observed in mice after in utero exposure to zidovudine [START_REF] Olivero | Transplacental effects of 3'-azido-2',3'dideoxythymidine (AZT): tumorigenicity in mice and genotoxicity in mice and monkeys[END_REF][START_REF] Poirier | Perinatal genotoxicity and carcinogenicity of anti-retroviral nucleoside analog drugs[END_REF], but long-term data on humans exposed to zidovudine and other antiretroviral drugs in utero are lacking.

While national guidelines recommend that children exposed to antiretroviral drugs are monitored over the long term, practical standard protocols have not been developed (Public Health Service Task Force, 2007a). In order to assess the feasibility of national clinic-based follow-up in the UK, the CHildren exposed to AntiRetroviral Therapy (CHART) study was conducted between 2002 and 2005. Eligible children were identified from reports to the national programme for obstetric and paediatric HIV surveillance, the National Study of HIV in Pregnancy and Childhood (NSHPC) (Townsend, Cortina-Borja, Peckham & Tookey, 2008b). 

Methods

The core surveillance mechanisms of the NSHPC include two active reporting schemes.

Pregnancies in HIV-infected women are reported to the NSHPC in association with the Royal College of Obstetricians and Gynaecologists. Children with HIV infection and infants born to HIV-infected women are reported through the British Paediatric

Surveillance Unit of the Royal College of Paediatrics and Child Health [START_REF] Nicoll | Public health outputs from the British Paediatric Surveillance Unit and similar clinician-based systems[END_REF] or directly to the NSHPC. Respondents provide information on demographic characteristics, HIV-related laboratory investigations, ART use and perinatal outcomes. Live births reported through the obstetric scheme are linked with paediatric reports using demographic information, as names are not collected.

Paediatric cases are followed up to establish HIV infection status and once a child is confirmed uninfected, routine surveillance ceases. Individual patient consent is not required for case notification to the NSHPC and surveillance contact is exclusively with health care respondents not patients.

Uninfected UK-born children reported to the NSHPC were eligible for enrolment in CHART. The notifying paediatric respondent was asked to approach the child's family to explain the study and seek consent. 

Results

Enrolment in CHART

The 2104 eligible children were reported from 168 hospitals. By the end of the study period 33.5% (704/2104) of children had been enrolled (Figure 1). Of those enrolled, 23.6% (166/704) were subsequently lost to follow-up during the study period and the parents of another 1.8% (13/704) withdrew from the study.

[ [START_REF] Freedman | Challenges to re-enrolling perinatally HIV-infected and HIV-exposed but uninfected children into a prospective cohort study: strategies for locating and recruiting hard-to-reach families[END_REF].

Comparable attrition rates to ours were also reported from the Pediatric AIDS Clinical Trials Group (PACTG) 219 study, a long-term observational study of children enrolled in the 076 trial, where about 10% were lost to follow-up annually [START_REF] Culnane | Lack of long-term effects of in utero exposure to zidovudine among uninfected children born to HIV-infected women[END_REF].

number of ART-exposed infants born each year substantially increased over the study period due to the increasing prevalence of HIV infection in pregnant women from 2000 (The UK Collaborative Group for HIV and STI Surveillance, 2007), together with the successful implementation of routine antenatal HIV testing and high uptake of interventions, including ART (Townsend, Cliffe & Tookey, 2006b). Early in the HIV epidemic most affected families in the UK lived in or close to London, but this situation changed in recent years with the proportion of pregnancies reported from outside London increasing from 13% in 1997/9 to 43% in 2004/6 (Townsend et al., 2008b). Tudor-Williams, 2003), and this probably contributed to the lower rates of enrolment when the study was extended from the initial 11 units (births 1996-2000) to include all UK births (2001)(2002)(2003)(2004); lack resources was a common problem cited by respondents (see Table 1).

Since confirmatory tests to exclude HIV infection can now be carried out within three months of birth (in the absence of breastfeeding) [START_REF] Hawkins | Guidelines for the management of HIV infection in pregnant women and the prevention of mother-to-child transmission of HIV[END_REF], families do not necessarily have an incentive to continue contact with the paediatric clinic. Paediatric respondents who had lost contact with families were understandably cautious about approaching GPs and health visitors, in case they were not aware of the family's HIV status.

Our ability to draw conclusions from this study about the safety or otherwise of ART exposure is limited. While it was reassuring that enrolled and non-enrolled children were similar in terms of baseline demographic characteristics and ART exposure, numbers were small and the follow-up period short. It was not possible to enrol an appropriate control group with comparable ethnic make-up and maternal chronic disease levels within the scope of this study. Unexposed infants born to diagnosed women were unsuitable as controls since diagnosed women who do not take ART antenatally are likely to differ systematically from those who do (for example, having declined treatment, been diagnosed close to delivery, or delivered prematurely) ( [START_REF] Dezateux | Does highly active antiretroviral therapy increase the risk of congenital abnormalities in HIV-infected women?[END_REF]; these compare reported prevalence rates in CHART of 29%, 7% and 9% respectively at a median age of 24 months. In HIV-exposed children born in the UK and Ireland, no association has been detected between ART exposure and congenital abnormalities (Townsend et al., 2006a); the reported prevalence of congenital abnormalities in the CHART children was within UK population parameters of 2-3% for major abnormalities [START_REF] Boyd | Congenital anomaly surveillance in England--ascertainment deficiencies in the national system[END_REF], as was that of febrile seizures.

Earlier routine enrolment of families into follow-up could have eased some of the problems encountered; however, the overall increasing number of uninfected children, lack of staff resources, parental concerns about confidentiality, and the continuing attrition of enrolled children because of family mobility were substantial barriers to recruitment and retention. These issues were also raised in a survey of parents' and health professionals' views on the acceptability of different ways to monitor ARTexposed children over the longer term (Hankin, Newell & Tookey, 2007a). Our experience indicates that consented opportunistic clinic-based follow-up is not a collected by the Office for National Statistics; although this approach is limited to specific outcomes, it demonstrates the feasibility and potential of data linkage [START_REF] Hankin | Monitoring death and cancer in children born to HIV-infected women in England and Wales: use of HIV surveillance and national routine data[END_REF].

HIV-infected women are taking increasingly complex drug regimens at all stages of pregnancy, including at conception, and the number of exposed uninfected children is rising rapidly. A robust, secure data linkage protocol for monitoring their long-term health must be developed within an appropriate ethical framework which acknowledges that they might not be aware, as adults, of their exposure. Concerns about consent, confidentiality and disclosure must be considered alongside potential longer benefits. If unexpected late onset adverse outcomes were identified, this could guide changes in HIV treatment guidelines, or inform screening or treatment of ART-exposed individuals. Similar situations have occurred in the past, for example with prenatal exposure to diethylstilboestrol (Royal College of Obstetricians and Gynaecologists, 2007;[START_REF] Troisi | Cancer risk in women prenatally exposed to diethylstilbestrol[END_REF]. Such a protocol could potentially be extended or adapted to cover other sensitive prenatal or perinatal exposures, for example assisted reproduction, treatment for ambiguous genitalia, or other drug treatments. 
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Table 1 . Comments from health professionals
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"We didn't encounter many problems because of our small cohort of families -they were all more than willing to help." [Paediatric nurse] "People do not think through what it means. They do want to help/be followed up but change address, phones etc and CHART is not on their minds once they move on with children growing up. I have never spoken to anyone who didn't think it important in principle; it's the intrusion in their lives which puts them off." [Paediatric nurse] "Forms have been relatively easy to complete and generally can be done during regular consultation time."

[Paediatric nurse] 

Table 2 . Characteristics of eligible children by enrolment status (n=2104)
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	ART, antiretroviral therapy
	HAART, highly active antiretroviral therapy

Table 3 . Health problems and in utero antiretroviral exposure in enrolled children (n=38)
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	HAART, highly active antiretroviral therapy
	* born at 23, 25 and 34 weeks
	** drug withdrawal at birth and gestational age 35 weeks
	Note: only one infant reported in this group (with hip dysplasia) was exposed to
	efavirenz
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