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INTRODUCTION

Epidemic optic neuropathy was first described in Dar es Salaam, the commercial capital of Tanzania, East Africa, in 1989 [START_REF] Johnson | Macular degeneration of unknown origin in Tanzania[END_REF] . A survey of school children (aged 10 to 16 years) performed in 1997 identified optic neuropathy to be an important cause of visual impairment, with a prevalence of 1% (95% CI 0.5-1.4%) [START_REF] Bourne | Epidemic optic neuropathy in primary school children in Dar es Salaam, Tanzania[END_REF] . The disease usually presents in older children and young adults who complain of subacute visual loss which is usually bilateral. Clinical findings include temporal disc pallor and sometimes accompanying macular changes. The condition may be accompanied by hearing disturbance, and paraesthesia and pain in the limbs. The cause remains unknown. Nutritional, toxic and infective causes have all been suggested for a similar clinical entity which occurred as an epidemic in Cuba in the early 1990's [START_REF]The Cuba Neuropathy Field Investigation Team. Epidemic Optic Neuropathy in Cuba --Clinical Characterization and Risk Factors[END_REF][START_REF] Lago | Mechanism of enterovirus involvement in epidemic neuropathy: hypothesis regarding pathophysiology[END_REF][START_REF] Sadun | Epidemic Optic Neuropathy in Cuba: Eye Findings[END_REF][START_REF] Sadun | Cuba: Response of Medical Science to a Crisis of Optic and Peripheral Neuropathy[END_REF] .

We conducted a large survey of secondary school children in Dar es Salaam, primarily to investigate the prevalence and types of refractive error and strategies for screening and treatment, but also to investigate other causes of non-refractive visual impairment, including epidemic optic neuropathy [START_REF] Wedner | Two strategies for correcting refractive errors in school students in Tanzania: randomised comparison, with implications for screening programmes[END_REF] . We also aimed to investigate socio-economic predictors and educational implications of optic neuropathy in this population. The Comprehensive Community Based Rehabilitation for Tanzania (CCBRT) Disability Hospital, which was the hospital base for the study, is a non-governmental tertiary eye care facility which sees about 5,000 children every year.

METHODS

The study took place in Dar es Salaam, Tanzania between July 2003 and September 2004. All 66 secondary schools within 30km of CCBRT Hospital were invited to participate and 3 refused. Visual acuity testing was offered to all students in their first year. After an intensive period of training, a team of research assistants collected socio-economic information, including ethnic group, usual place of residence, parents' occupations and ownership of indicators of wealth (e.g. computer) using a pre-tested closed question questionnaire. The research assistants measured uncorrected (and corrected if student had glasses) visual acuity using a Snellen's E-chart at 6 metres. All students unable to identify at least 4 of the 5 optotypes in the 12-line in either eye (defined as poor eyesight) were referred to CCBRT Hospital for refraction.

Visual impairment was defined, for this study, as best corrected Snellen visual acuity of worse than 6/12 in one (unilateral) or both (bilateral) eyes but an ophthalmologist performed a detailed eye examination in all students with corrected VAs worse than 6/9 in either eye. Students visiting CCBRT performed Ishihara tests of colour vision with both eyes open and anything less than a perfect score was regarded as a subnormal response. A subgroup also had Ishihara testing in each eye separately. Findings in relation to the prevalence and types of refractive error and spectacle wearing rates at 3 and 6 months have already been published [START_REF] Wedner | Two strategies for correcting refractive errors in school students in Tanzania: randomised comparison, with implications for screening programmes[END_REF] .

Epidemic optic neuropathy was defined as best corrected visual acuity of 6/12 or worse in at least one eye in the presence of at least 1 of the following 2 features 1) optic atrophy of characteristic type showing principally a loss of the caecocentral projection ("papillomacular bundle") of retinal nerve fibres.

2) History of hearing loss or pain / paresthaesia in the limbs.

Combined end of year examination results were used to assess academic performance on a subset of subjects. Results are quoted as percentages in records that were kept in schools. For this study a summary score (i.e. across the subjects English, mathematics and science) of 50% (close to median score) or more was regarded as a pass. A case control approach was used, where all students with poor eyesight and examination results available were defined as cases. Three randomly selected control students with uncorrected good vision of at least 6/9 in the worse eye were group-matched to cases by sex and school.

Data entry and analysis

Data were double entered using EpiData software and verified by means of FoxPro (version 2.6, Microsoft Corporation, Seattle, WA,USA). Data were analysed by use of SPSS (USA) and STATA 9.0 (Stata Corporation, College Station, Texas, USA). Robust cluster (by School) logistic regression was employed (uni and multi variable) to assess associations between optic neuropathy and the demographic and socio-economic factors (table 2). A chisquare test was used to compare the proportions of subjects with and without optic neuropathy who passed their examinations.

Ethics

Ethical approval was granted by the Government of Tanzania through its Medical Research Coordinating Committee and by the Ethics Committee of the London School of Hygiene and Tropical Medicine, UK. Before recruiting students the study was explained in writing to all parents and students and it was explained again verbally to students on the day of examination. Students agreed to participate by signing a consent form. Parents were asked to inform the head teacher or the study team verbally or in writing if they did not want their child to participate. Children could opt out at any stage without this affecting their normal management. RESULTS 10,892 students participated in the study, 5,507 (50.6%) of whom were male (Table 1). The mean age was 15.2 years (range 12-22, sd=1.5). Other socioeconomic variables are shown in Table 1. Only 16 students were identified as amblyopic (prevalence 0.1%, sd = 0.038), 2 of these had bilateral VI and 8 had unilateral VI . Other causes of bilateral VI were cataract (1), idiopathic nystagmus (2), maculopathy (2), corneal (2) and unexplained (2). Other causes of unilateral VI were optic atrophy (6), maculopathy (5), corneal scar (4), retinal vascular occlusion (4), allergic

keratoconjunctivitis (3), keratoconus (3), cataract (3), unexplained (2). 
Educational results:

School examination results were available for a subset of 443 students, 111 with 'poor eyesight' including 18 with optic neuropathy and 332 controls.

There was no significant difference (chisquare=0.17, p=0.68) in examination pass rate between those with optic neuropathy (n1/n2=38.9%) and those without (n1/n2=43.8%).

DISCUSSION

This study indicates that optic neuropathy remains an important cause of visual impairment (accounting for the majority of bilateral visual impairment in our study) in secondary school students in Dar es Salaam, eighteen years after it was first described here, suggesting endemicity. The low prevalence of systemic symptoms suggests is similar to that reported in the Cuban epidemic [START_REF] Sadun | Cuba: Response of Medical Science to a Crisis of Optic and Peripheral Neuropathy[END_REF] where the 'optic' and 'sytemic' symptoms seemed to affect different patients.We found a low rate of amblyopia though some mild cases would have been missed due to the 6/12 cut off at school screening.

Amblyopia is known to be less prevalent in African populations [START_REF] Wedner | Myopia in secondary school students in Mwanza City, Tanzania: the need for a national screening programme[END_REF][START_REF] Naidoo | Refractive error and visual impairment in African children in South Africa[END_REF] .

Further investigation into the causes and prevention of this endemic optic neuropathy is clearly required. Vitamin A supplementation programs have successfully reduced the incidence of childhood corneal blindness and it is possible that vitamin B supplementation programs might have similar success in reducing optic neuropathy as seemed to be the case in Cuba [START_REF] Román | An epidemic in Cuba of optic neuropathy, sensorineural deafness, peripheral sensory neuropathy and dorsolateral myeloneuropathy[END_REF] . 

Legends

Table 1 :

 1 Socio-Demographic Characteristics of Screened Population (N=10,

	892)			
	Characteristics	mean	range
	Age (years)		15.2	12;22
			n	%
	Sex	male	5507	50.6
		female	5385	49.4
	Ethnic group	African	10361	95.1
		Asian	173	1.6
		Arab	154	1.4
		White	31	0.3
		Mixed	173	1.6
	Residence during term	family	10149	93.2
		friends	137	1.3
		boarding	593	5.4
		other	13	0.1
	Father's	Professional		
	occupation	(required		
		training beyond	3304	31.5
		secondary		
		school eg		

Table 2 .

 2 The only independent variable that remained significantly associated with optic neuropathy was ownership of possessions.

Table 2 :

 2 Demographic and socio-economic factors associated with optic

	neuropathy (n=28)				
	Characteristic	N	n	Optic neuropathy % OR 95% CI	P*
	Sex	male 5507	14	0.25 1.0	--	--
		female 5385	14	0.26 1.02 0.48, 2.16	0.06
	Age	11-13 2339	2	0.09 1.0	--	--
	(years)	14-16 7269	21	0.29 3.39 0.69, 16.53 0.13
	N=6,876	17+ 1256	5	0.40 4.67 0.73, 29.91 0.10
		Per				
		unit increas				1.24 1.02, 1.49 0.025
		e				
	Ethnicity	African 1036 1	27	0.26 1.0	--	--
		Asian 173	1	0.58	--	--	--
		Arab 154	0	0.00	--	--	--
		White 31	0	0.00	--	--	--
		Mixed 173	0	0.00	--	--	--
	Total Non-African 531	1	0.19 0.72 0.09, 5.47	0.75
	Father's occupation				
		professional 3304	4	0.12 1.0	--	--
		others 5742	21	0.37 3.02 1.14, 8.04 0.026

Table 3 .

 3 Clinical features of optic neuropathy cases.

	Case	Ag	VAR	VAL	VA	Ish	Ish	Ish	Heari	Fundal findings
	num	e	cor	cor	B	R	L	B	ng	(typical temporal disc
	ber				cor				loss /	pallor with thinning
									Parae	of papillomacular
									sthesi	nerve fibre layer)
									a	
	1	16 6/24 6/24 6/24			14 No	typical
	2	15 6/18 6/18 6/18 16 14 20 No	typical
	3	15 6/24 6/24 6/24			20 yes	typical
	4	15 6/24 6/24 6/24 14 9	17 No	typical
	5	16 6/24 6/24 6/24			14 Yes	typical
	6	17 6/36 6/18 6/18			19 No	typical
	7	14 6/36 6/36 6/36			6	No	typical
	8	15 6/12 6/36 6/12 8	4	9	No	typical
	9	14 6/36 6/36 6/36			8	Yes	typical
	10	14 6/36 6/36 6/36			6	No	typical
	11	15 6/24 6/24 6/24 6	10 18 No	typical
	12	15 CF3	CF5	CF5			0	No	typical
			m	m	m					
	13	15 6/24 6/24 6/24 13 13 13 No	typical
	14	15 6/60 6/36 6/36 15 12 15 No	typical
	15	14 6/24 6/24 6/24 18 17 18 No	Atypical -no disc

There was little evidence of clustering of cases by school. Of the 501 students whose colour vision was tested with Ishihara plates none of the 28 students diagnosed with optic neuropathy scored perfectly in comparison (chisquare

  Tanzania (data for 2000-20069 ) and school going children are likely to come from wealthier families than children not attending secondary schools. Our results cannot rule out a genetic cause. Although socio-economic risk factors were identified the significant prevalence among an elite group in a relatively stable country might argue against nutritional causes. Though Leber's mutations have been excluded, other genetic optic neuropathies such as Kjer may present in this agegroup and family histories have not been extensively investigated in Tanzania and further studies should address this.

	underestimated prevalence compared to 1997 since 6/12 rather than 6/9 was
	taken as the cutoff for referral. Against this the 1997 study only reported
	bilateral cases, and acuities of 6/9 or worse and reduced colour vision and optic
	atrophy were all required for case definition (note all our patients had reduced
	colour vision in both eyes and only 2 had 6/6 acuity in the fellow eye).
	Although this slight difference of definition makes comparison more difficult
	we feel that our definition more accurately reflects the clinical picture after 6
	more years experience of endemic optic neuropathy.
	The cause of endemic optic neuropathy remains unclear. Early studies from
	Dar es Salaam ruled out cyanide toxicity or mutations in the Leber's hereditary
	optic neuropathy gene but low serum levels of the B group of vitamins were
	found in both cases and normal subjects 8 . This suggests that the whole
	population may be deficient in the B group of vitamins, making them more
	susceptible to interactions with other as yet unknown risk factors. Investigation
	of the Cuban epidemic revealed an association with tobacco use, especially
	cigars, and the following were protective: higher dietary intakes of methionine,
	vitamin B12, riboflavin, niacin and with raising chickens at home or having
	relatives overseas. Both of the latter possible suggest better food availability 3,4 .
	The prevalence estimate in our
	study (0.3% 95% CI 0.25-0.35) was lower than that from a 1997 study in Dar es The lack of clustering among schools in our data makes a communicable cause
	Salaam secondary schools (1%, 95% CI 0.5-1.4%) 2 possibly suggesting a drop less likely and the association with variables indicating lower socio-economic
	in prevalence. Although the sample size was smaller in the 1997 study and only
	involved 3 schools, our data did not reveal any clustering by school to suggest
	that the 1997 sample may have been unrepresentative. Our study may have

status lend support to nutritional pathogenic mechanisms. This finding suggests that the prevalence of optic neuropathy may be even higher in the non-school going teenage population, as only 7-9% of children attend secondary schools in
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