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ABSTRACT 
 
BACKGROUND: In October 2003 South Africa embarked on a program of folic acid fortification of 
staple foods. We measured the change in prevalence of NTDs before and after fortification and 
assessed the cost benefit of this primary health care intervention. METHODS: Since the beginning of 
2002 an ecological study was conducted among 12 public hospitals in four provinces of South Africa. 
NTDs as well as other birth defect rates were reported before and after fortification. Mortality data 
were also collected from two independent sources. RESULTS: This study shows a significant decline 
in the prevalence of NTDs following folic acid fortification in South Africa. A decline of 30.5% was 
observed, from 1.41 to 0.98 per 1,000 births (RR = 0.69; 95% CI: 0.49-0.98; p = .0379). The cost 
benefit ratio in averting NTDs was 46 to 1. Spina bifida showed a significant decline of 41.6% 
compared to 10.9% for anencephaly. Additionally, oro-facial clefts showed no significant decline 
(5.7%). An independent perinatal mortality surveillance system also shows a significant decline 
(65.9%) in NTD perinatal deaths, and in NTD infant mortality (38.8%). CONCLUSIONS: The 
decrease in NTD rates postfortification is consistent with decreases observed in other countries that 
have fortified their food supplies. This is the first time this has been observed in a predominantly 
African population. The economic benefit flowing from the prevention of NTDs greatly exceeds the 
costs of implementing folic acid fortification. 
 
 
INTRODUCTION 

NTDs are relatively common birth defects. The prefortification estimates of the prevalence vary in 
South Africa. In general, lower prevalences are found in urban regions such as Cape Town (1.3/1,000 
births) (Buccimazza et al., [1994]), Pretoria (0.99/1,000 births) (Delport et al., [1995]), and 
Johannesburg (1.18/1,000 births) (Kromberg et al., [1982]). Higher rates are reported in rural areas in 
the Limpopo Province (3.5/1,000 births) (Venter et al., [1995]), and an extremely high NTD prevalence 
has been found in rural Transkei districts in the Eastern Cape Province (6.1/1,000 births) (Ncayiyana, 
[1986]). An earlier mainly urban based surveillance system reported a prevalence of 1.2/1,000 births 
for the years 1994-2003 (International Clearinghouse for Birth Defects Surveillance and Research, 
[2005]). Christianson et al. ([2006]) gave an estimate for the country as a whole as 2.5/1,000 births. 

Experimental and epidemiological evidence has shown that periconceptional dietary supplementation 
with folic acid can substantially decrease the prevalence of NTDs (MRC, [1991]; Ceizel et al., [1992]; 
Lumley et al., [2001]). In October 2003, South Africa embarked on a National Food Fortification 
Program to address micronutrient deficiencies in the population. The recommendations to do this had 
been published as long ago as 1978 (Metz et al., [1978]). Micronutrients added to staple foods such as 
maize meal and bread flour include: folic acid, vitamin A, thiamine, pyridoxine iron, and zinc. The 
Department of Health ([2003]) has set the level of fortification for folic acid in wheat flour at 1.5 
mg/kg and in maize meal at 2.21 mg/kg. Maize meal and bread are among the most widely consumed 



foods in South Africa. The milling industry is highly concentrated in South Africa, with 22 large-scale 
maize millers accounting for approximately 85% of all maize meal produced in the country. Seventeen 
mills produce about 95% of all bread and cake flour (Department of Agriculture, [2006]). These large 
millers independently test their products for the correct addition of micronutrients. A rapid rollout of 
fortified products accordingly took place, at approximately 90% coverage. The cost of fortification is 
borne by the industry. 

The South African Department of Health designated four birth defects as priorities to be monitored: 
NTDs; cleft lip, cleft palate, or both; Down syndrome; and oculo-cutaneous albinism. The aim of this 
study was to establish baseline, prefortification prevalence rates and postfortification prevalence rates 
of NTDs and the three other priority birth defects (non-NTDs) among newborns to determine whether 
food fortification influences NTD prevalence. 

METHODS 

Since the beginning of 2002 we have been conducting hospital based surveillance of NTDs 
(anencephaly, spina bifida, and encephalocoele), cleft lip, cleft palate, or both, Down syndrome, and 
oculo-cutaneous albinism in various provinces of South Africa. In each sentinel site, appropriate health 
care workers received training in clinical recognition of the priority birth defects by a medical 
geneticist. Information on cases was extracted from hospital records and forwarded on a standardized 
notification form to the surveillance team. In this study 12 public hospitals in four provinces served as 
sentinel sites, as reporting from the other sites was inconsistent/incomplete for the entire study period. 
The participating sites reported the priority birth defects consistently at monthly periods both pre- and 
postfortification. NTD prevalence rates were established among live- and stillbirths during the period 
of prefortification (January 2003-June 2004) and the postfortification period (October 2004-June 2005). 
A 3 month intermediate period, July-September 2004, was excluded so that the pre and post phases 
could be clearly separated. The prefortification period included an allowance of 9 months for gestation 
following the introduction of fortification, such that none of these births could have been exposed to 
fortified foods in the periconceptional period. The denominator birth data during the study period 
averaged 53,000 births per annum. The birth population was in excess of 90% African. 

Two additional independent sources of mortality data were also used to investigate changes in NTD 
rates. 

Data Analysis 

Observed prevalence rates with 95% CIs were based on the Poisson distribution with normal 
approximation. Pre- and postfortification rates were compared using risk ratio (RR) analysis to measure 
the protective effect of folic acid fortification. We also calculated the ratio of the prevalence of NTDs 
to other priority birth defects in each time period. If reporting efficiency fell over the study period, then 
an observed drop in the prevalence rates of all defects would be in part an artifact, but we would expect 
the ratio of NTDs to the other defects to remain the same in the two time periods. The ratio is open to 
two possible biases: (a) that because it was known that there was an interest in NTDs and fortification, 
NTDs would be preferentially reported; and/or (b) that one or more of the other birth defects (such as 
oro-facial clefts) also had a reduction as a result of fortification. In either event the bias is conservative, 
leading to a lower reported decline than is actually the case. 

RESULTS 

Table 1 shows a comparison of pre- and postfortification prevalence rates. There was a significant 
decline of 30.5% in the prevalence of NTDs, from 1.41 to 0.98 per 1,000 births (RR = 0.69; 95% CI: 
0.49-0.98; p = .0379), whereas the rates of the other birth defects combined did not change significantly 
(RR = 0.97; 95% CI: 0.69-1.36; p = .8460). The ratio of NTDs to other non-NTD defects combined 
was 1.2 in the pre-, and 0.9 in the postfortification period, a 28.1% reduction.  

 

 



 

Table 1. Comparison of Pre- and Postfortification Rates of NTD and Non-
NTD Birth Defects 

 
Prefortification January 2003 

to June 2004  
Postfortification October 2004 

to June 2005  
 

Province 
NTD 
cases Births Rate/1,000 

NTD 
cases Births Rate/1,000 

 
Eastern Cape 46 21,851 2.11 17 13,482 1.26 
KwaZulu 
Natal 

40 37,997 1.05 17 21,791 0.78 

Mpumalanga 9 6,604 1.36 4 3,932 1.02 
Free State 17 13,135 1.29 7 6,816 1.03 

1.41 0.98 
95% CI: 95% CI: 

Total 112 79,587

1.15-1.67 

45 46,021

0.69-1.26 
Prefortification Postfortification Province 

Non-
NTD 

Births Rate/1,000 Non-
NTD 

Births Rate/1,000 

Eastern Cape 28 21,851 1.28 11 13,482 0.82 
KwaZulu 
Natal 

42 37,997 1.11 25 21,791 1.15 

Mpumalanga 4 6,604 0.61 6 3,932 1.53 
Free State 19 13,135 1.45 10 6,816 1.47 

1.17 1.13 
95% CI: 95% CI: 

Total 93 79,587

0.93-1.41 

52 46,021

0.82-1.44  

 

 

Table 2 compares the pre- and postfortification rates of specific NTD conditions (anencephaly and 
spina bifida) and oro-facial clefts. Spina bifida shows the highest significant decline of 41.6% (RR = 
0.58; 95% CI: 0.37-0.92; p = .0187). The decline for anencephaly was only 10.9% (RR = 0.89; 95% CI: 
0.50-1.60; p = .6985). Oro-facial clefts showed a nonsignificant decline (5.7%) (RR = 0.94; 95% CI: 
0.53-1.68; p = .8420).  

A linear relationship between prefortification NTD prevalence rates and the reduction in those rates 
following fortification was observed in Canada (De Wals et al., [2007]). A similar phenomenon was 
observed between provinces in this study (r2 = 0.94), with a regression coefficient consistent with the 
Canadian study. 

 

 

 



Table 2. Comparison of Pre- and Postfortification Rates of Specific NTDs 
(Anencephaly and Spina Bifida) and Oro-Facial Clefts 

Prefortification Postfortification Percentage decline 
 

RR  
 

Condition Cases Rate/1,000 Cases Rate/1,000 (95% CI) 

 
10.9% 

RR = 0.89 
Anencephaly 33 0.41 17 0.37 

(0.50-1.60) 
41.6% 

RR = 0.58 
Spina bifida 74 0.93 25 0.54 

(0.37-0.92) 
5.7% 

RR = 0.94 
Oro-facial clefts 33 0.41 18 0.39 

(0.53-1.68)  
 
Additional Evidence from Perinatal Mortality Surveillance 

In order to provide an independent data source and measure of the effect of folic acid fortification, an 
existing perinatal mortality surveillance system was also utilized, the Perinatal Problem Identification 
Programme (PPIP). Pattinson et al. ([2005]) aimed to identify the common causes of death and 
associated factors that could be addressed to reduce the perinatal mortality rate. Basic perinatal birth 
data and causes of death up to 7 days of age were recorded. A category of NTDs was included in the 
classification in anticipation of folic acid fortification. All perinatal deaths (stillbirths and neonatal 
deaths of 500 g or more) were recorded at 164 sentinel health care facilities spread throughout urban 
and rural areas of South Africa. 

Table 3 shows a comparison of prefortification (2001-2003) and postfortification (2005-2006) perinatal 
mortality rates from NTDs. There was a significant decline of 65.9% in NTD perinatal mortality, from 
0.42 to 0.14 per 1,00 births (RR = 0.34; 95% CI: 0.25-0.47; p < .001). As a control, the perinatal 
mortality rate of hydrocephalus, unrelated to NTDs, did not change significantly (RR = 0.92; 95% CI: 
0.54-1.57; p = .7732).  

Table 3. Comparison of Pre- and Postfortification Perinatal Mortality Rates 
for NTDs and Hydrocephalus from the PPIP Surveillance System 

 
Prefortification 2001-

2003  
Postfortification 

2005-2006  
Percentage 

decline  
 

Total births: 486,950 Total births: 321,711 RR  
 Perinatal 

condition Deaths Rate/1,000 Deaths Rate/1,000 (95% CI) 

 
65.9% 

RR = 0.34 
NTD 204 0.419 46 0.143 

(0.25-0.47) 
7.5% 

RR = 0.92 
Hydrocephalus 36 0.074 22 0.068 

(0.54-1.57)  



Further Evidence from National Infant Mortality Statistics 

It is also possible to detect a reduction in NTD mortality following fortification in national mortality 
statistics produced by Statistics South Africa ([2007]). Unit records of all registered deaths under 1 year 
of age for the period 1998 to 2005, coded to ICD-10 at the three character level, were analyzed 
annually. Because birth registration is incomplete, and the completeness of routine death registration is 
not precisely known and may vary from year to year, the proportion of NTDs to all other congenital 
anomalies was calculated, rather than an absolute rate. This data give us a longer prefortification 
baseline than the two sources of data presented earlier in this article (Fig 1). Between 1998 and 2003 
there was no significant trend in the proportion of NTDs ( 2 = 1.36; p = .244), while from 2003 to 
2005 there was a strong downward trend ( 2 = 11.02; p < .001). In 2003 the proportion was 12.37% 
(95% CI: 10.25-14.75) and in 2005 it was 7.57% (5.91-9.52). The decline of 38.8% in the proportion is 
significant (p = .0008).  

 

 

 

Figure 1. Proportion of NTD deaths to all other congenital anomalies, <1 year, South Africa 1998-2005. 

 

Population Cost Benefit of Folic Acid Fortification in South Africa 

We estimated the cost benefit of fortification by comparing the direct cost of fortification against the 
direct cost of minimal medical intervention in the short term. The cost of folic acid at 2% of the 
fortification premix is R1.4 million (1 US$ 7 ZAR) per annum. In South Africa medical tariffs vary 
considerably amongst the public and private sector medical insurance companies, where 85% of the 
population do not have the benefits of private health insurance (Council for Medical Schemes, [2006]). 
The costing in this study was based on the Uniform Patient Fee Schedule Uniform Professional Fee 
Structure of the Department of Health ([2006]), which is used in provincial and government hospitals. 
Uniform Patient Fee Schedule Uniform Professional Fee Structure is considerably lower than private 
sector rates. It must be noted that although these procedures are listed, not all children born with these 
conditions will have the benefit of this quality of health care. 

Table 4 shows the minimal medical interventions and estimated costs for appropriate care during the 
first year of life. Typically, as an example, the total cost for treatment in the first year of life for a 
newborn with myelomeningocoele is about R70,000.  

 

 

 



Table 4. Estimated Costs of Treatment and 
Hospitalization during First Year 

Procedure Cost 

Closure of myelomeningocoele R10,300.00
Insertion of ventriculoperitoneal (VP) 
shunt 

R11,683.00

Hospitalization (ward, intensive, and high 
care units) 

R29,933.00

Laboratory tests and blood products R2,500.00 
Radiology R5,675.00 
Revision of clubfoot R5,000.00 
Minor procedures * R5,000.00 
Total R70,091.00 
  * Pediatric follow-up, urology in the form of 
catherization, bowel washouts, and oral medication. 

 

 

It is therefore not unreasonable to conservatively estimate the average cost of treatment of R100,000 
per case during the first 3 years of life of a cohort. South Africa has a prefortification spina bifida rate 
of 0.93/1,000 and a birth population of 1.05 million. There are therefore approximately 976 cases of 
spina bifida per year. With a 41.6% reduction 406 cases are averted per annum, resulting in a saving of 
R40.6 million per annum. This gives a cost benefit ratio of approximately 30 to 1 for folate fortification 
as a cost effective primary health care intervention. If the true national prevalence rate for NTDs is 
greater than that observed in our hospital based surveillance system, the cost benefit ratio will be 
greater. 

DISCUSSION 

This study has demonstrated a significant decline in the prevalence of NTDs following folic acid 
fortification in South Africa. This is the first time that data on the result of folate fortification have been 
presented for a predominantly African population. In addition to the main sentinel site surveillance, the 
PPIP surveillance system, an independent perinatal mortality data source, also shows a significant 
decline in perinatal deaths from NTDs, as did a third independent data set on cause specific infant 
mortality from national civil registration of deaths. All three systems showed a decline in NTD 
commencing at the time when fortification was introduced. In countries where it is not feasible to 
institute morbidity surveillance, national death registration (Setel et al., [2007]) or perinatal mortality 
surveillance may provide a suitable alternative. 

The decrease in NTD rate postfortification is consistent with decreases observed in other countries that 
have fortified their food supplies. In Chile (Hertrampf et al., [2004]; Jorge, [2005]), Costa Rica (Chen 
et al., [2004]), Canada (De Wals et al., [2007]), and specifically Nova Scotia (Persad et al., [2002]), 
where mandatory fortification of basic foodstuffs has been implemented, more than 30% reduction in 
NTDs was noted. In the USA, the decline in spina bifida in association with fortification has been 
consistently greater than the decline in anencephaly (Mathews et al., [2002]; Williams et al., [2005]). A 
similar relative decline in spina bifida and anencephaly has been replicated in this study. There is no 
substantial prenatal intervention for NTDs in South Africa. 

This study showed that Eastern Cape Province had the highest prefortification NTD rates and also had 
the highest decline of 40.1%. It is also noted that in a supplementation study in China there was a 



greater decline in the north where rates were higher as compared to the south with its lower rates (Berry 
et al., [1999]). 

This study also shows there was no significant reduction in oro-facial clefts, a decline of 5.7% being 
observed. Recent studies in Western Australia (Bower et al., [2006]) and in Canada (Ray et al., [2003]; 
Botto et al., [2006]) also showed no evidence of folate being an important factor in the prevention of 
birth defects other than NTDs. 

An earlier mainly urban based surveillance reported annually to the International Clearinghouse for 
Birth Defects Surveillance and Research ([2005]) showed no significant trend for NTDs over the period 
1994-2003, and infant mortality data also showed no trend for NTDs from 1998-2003. 

The surveillance of NTDs, both before and after fortification, took place in an environment of one of 
the highest HIV infection rates in the world. The average HIV prevalence rate among pregnant women 
in South Africa was given by the Department of Health ([2005]) as 27.9% in 2003 and 29.5% in 2004, 
with an estimated 5 million individuals of both sexes infected with HIV (Dorrington et al., [2005]). 
Although some antiretroviral therapy (ARV) may increase the risk for NTDs (De Santis et al., [2002]), 
the rollout of ARV was slow (Stewart and Loveday, 2005), and by April 2005, only about 50,000 
persons were on treatment with ARVs, so this is unlikely to have influenced the findings. 

Although it is difficult to compare cost benefits of fortification in different countries, the cost benefit 
ratio in averting NTDs was approximately 30 to 1 in this study, in the United States 40 to 1 (Grosse et 
al., [2005]), and in Chile 10 to 1 (Llanos et al., [2006]). 

CONCLUSION 

This study shows a significant decline in the prevalence of NTDs following folic acid fortification in 
South Africa. The decrease in NTD rates postfortification is consistent with decreases observed in other 
countries that have fortified their food supplies. This is the first time this has been observed in a 
predominantly African population. The economic benefit flowing from the prevention of NTDs greatly 
exceeds the costs of implementing folic acid fortification, as shown in other studies around the world, 
and is an extremely cost effective primary health care intervention. 

ACKNOWLEDGMENTS 

The authors would like to thank all the provincial health care staff who collected and forwarded the 
priority birth defects notification forms, Prof. G. Fieggen for assisting in the costing of surgical 
procedures, members of the International Clearinghouse for Birth Defects Surveillance and Research, 
as well as Dr. N. Madolo and Prof. A. Christianson for providing useful insight. This study was 
approved by the University of Cape Town Research Ethics Committee (REC: 082/2005). 

REFERENCES 

Berry RJ,Li Z,Erickson JD, et al. 1999. Prevention of neural-tube defects with folic acid in China. 
China-US. Collaborative Project for Neural Tube Defect Prevention. N Engl J Med 341: 1485-1490. 

Botto LD,Lisi A,Bower C, et al. 2006. Trends of selected malformations in relation to folic acid 
recommendations and fortification: an international assessment. Birth Defects Res A Clin Mol Teratol 
76: 693-705. 

Bower C,Miller M,Payne J, et al. 2006. Folate intake and the primary prevention of non-neural birth 
defects. Aust N Z J Public Health 30: 258-261. 

Buccimazza SS,Molteno CD,Dunne TT, et al. 1994. Prevalence of neural tube defects in Cape Town. 
Teratology 50: 194-199. 



Chen LT,Rivera MA. 2004. The Costa Rican experience: reduction of neural tube defects following 
food fortification programs. Nutr Rev S40-S43. 

Christianson A,Howson CP,Modell B. 2006. March of Dimes, Global Report on Birth Defects. White 
Plains, NY: March of Dimes, http://www.marchofdimes.com/professionals/871_18587.asp. 

Council for Medical Schemes. 2006. Annual Report 2005-2006, Pretoria 2006. 
http://www.medicalschemes.com/publications/publication.aspx?catid=7. 

Czeizel AE,Dudas I. 1992. Prevention of the first occurrence of neural-tube defects by periconceptional 
vitamin supplementation. N Engl J Med 327: 1832-1835. 

Delport SD,Christianson AL,van den Berg HJS, et al. 1995. Congenital anomalies in black South 
African liveborn neonates at an urban academic hospital. S Afr Med J 85: 11-15 

Department of Agriculture. 2006. Address to the National Chamber of Milling AGM. http://0-
www.info.gov.za.innopac.up.ac.za/speeches/2006/06032809151002.htm. 

Department of Health. 2003. Government Notice R504. Foodstuffs, cosmetics and disinfectants act 
54/1972. Regulations relating to the fortification of certain foodstuffs. Government Gazette. Republic 
of South Africa. Vol. 454. No 24715. Pretoria: Government Printer, 7 April: 1-23. 

Department of Health. 2005. National HIV and syphilis antenatal sero-prevalence survey, South Africa 
2004. http://www.health.gov.za.    

Department of Health. 2006. Uniform Patient Fee Schedule (UPFS). http://0-
www.doh.gov.za.innopac.up.ac.za/programmes/upfs/index.asp?include=index.html. 

De Santis M,Carducci B,De Santis L, et al. 2002. Periconceptional Exposure to Efavirenz and Neural 
Tube Defects. Arch Intern Med 162: 355. 

De Wals P,Tairou F,Van Allen M, et al. 2007. Reduction in Neural-Tube Defects after Folic Acid 
Fortification in Canada. N Engl J Med 357: 135-142. 

Dorrington RE,Bradshaw D,Johnson L, et al. 2005. The Demographic Impact of HIV/AIDS in South 
Africa. National indicators for 2004. Cape Town: Centre for Actuarial Research, South African 
Medical Research Council and Actuarial Society of South Africa. Cape Town. http://0-
ww.mrc.ac.za.innopac.up.ac.za/bod/demographic.pdf. 

Grosse SD,Waitzman NJ,Romano PS, et al. 2005. Re-evaluation the benefits of folic acid fortification 
in the United States: economic analysis, regulation and public health. Am J Public Health 95: 1917-
1922. 

Hertrampf E,Cortes F. 2004. Folic acid fortification of wheat flour: Chile. Nutr Rev 62: S44-S48 

International Clearinghouse for Birth Defects Surveillance and Research. 2005. Annual Report 2005 
with data for 2003. Rome: 2006. www.icbdsr.org. 

Jorge S,López-Camelo,Iêda M, et al. 2005. Reduction of birth prevalence rates of neural tube defects 
after folic acid fortification in Chile. Am J Med Genet A 135A: 120-125. 

Kromberg JGR,Jenkins T. 1982. Common birth defects in South African blacks S Afr Med J 62: 599-
602. 

Llanos A,Hertrampf E,Cortes F, et al. 2006. Cost-effectiveness of a folic acid fortification programme 
in Chile. Pediatr Res 60: 636. 



Lumley J,Watson L,Watson M, et al. 2001. Periconceptual supplementation with folate and/or 
multivitamins to prevent neural tube defects. The Cochrane Database of Systematic Reviews 2001. 
Abstract at http://www.cochrane.org/reviews/en/ab001056.html. 

Mathews TJ,Honein MA,Erickson JD. 2002. Spina bifida and Anencephaly Prevalence - United States, 
1991-2001. MMWR 51: 9-11. 

Metz J,Du Plessis JP,Bothwell TH. 1978. Food fortification in South Africa. Report of the Medical 
Research Council Project group. S Afr Med J 53: 744-749. 

MRC Vitamin Study Research Group. 1991. Prevention of neural tube defects: results of the Medical 
Research Council Vitamin Study. Lancet 338: 131-137. 

Ncayiyana DJ. 1986. Neural tube defects among rural blacks in a Transkei District. S Afr Med J 69: 
618-620. 

Pattinson R,Woods D,Greenfield D, et al. 2005. Improving survival rates of newborn infants in South 
Africa. Reprod Health http://www.reproductive-health-journal.com/content/2/1/4. 

Persad VL,Van den Hof MC,Dube JM, et al. 2002. Incidence of open neural tube defects in Nova 
Scotia after folic acid fortification. CMAJ 167: 237-240. 

Ray JG,Meier C,Vermeulen MJ, et al. 2003. Association between folic acid food fortification and 
congenital oro-facial clefts. J Pediatr 143: 805-807. 

Setel PW,Macfarlane SB,Szreter S, et al. 2007. A scandal of invisibility: making everyone count by 
counting everyone. Lancet 370: 1569-1577. 

Statistics South Africa. 2007. Mortality and causes of death from death notification, South Africa: 
1997-2005. Unit Records. Compact Disc 03-09-04. Pretoria: South Africa. 

Stewart R,Loveday M. 2006. Operational Plan: implementation of the antiretroviral therapy component 
in Health Systems Trust. South African Health Review 2005. Durban: 224-246. http://0-
www.hst.org.za.innopac.up.ac.za/publications/682. 

Venter PA,Christianson AL,Hutamo CM, et al.1995. Congenital anomalies in rural black South African 
neonates - a silent epidemic? S Afr Med J 83: 15-20. 

Williams LJ,Rasmussen SA,Flores A, et al. 2005. Decline in the Prevalence of Spina Bifida and 
Anencephaly by Race/Ethnicity: 1995-2002. Paediatrics 116: 580-586. 

 
 
 
 


