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of myopia was estimated at 62/2036×100% or 3028/100 000 
(3.0%), corresponding to 908 children in the Kajiado West 
subcounty. In addition, 19 cases of astigmatism of 1.00 D 
or more in the absence of hyperopia or myopia leads to an 
estimated prevalence of 19/2036×100% (0.9%) or 927/100 000 
in the study population, and of 278 children in the Kajiado 
West subcounty. The overall estimated rate of symptomatic 
refractive error (hyperopia, myopia and astigmatism as defined 
above) was 7849/100 000 (7.8%), 2355 children in the Kajiado 
West subcounty.
Within the groups reported as hyperopic or myopic, 5/267 
had hyperopia of +2.00 D or more in either eye [estimate of 
309/100 000 (0.3%) of the study population], and 27/267 
had myopia of -1.00 D or more in either eye [estimate of 
1669/100 000 (1.7%) of the study population].
Prevalence of Ocular Morbidity Signs  Any ocular morbidity 
signs were recorded in 863 of 2036 [42%, 95% confidence 
interval (CI) 42.3%-42.4%] children (460 males and 403 
females; Table 1). Each child could have more than one ocular 
morbidity. 
Conjunctival conditions  The most striking clinical finding 
was a conjunctival abnormality in 673 of 2036 (33%) children. 
Each child could have more than one conjunctival abnormality. 
The commonest was conjunctival actinic changes in 442 
(22%) children (Table 1, Figure 1). The appearances were akin 
to those found in adults of the coastal and semi-arid regions in 
the north (Turkana) of the country (personal observation Long 
ME).
Diagnoses were made visually without the possibility 
of histopathological analysis. Pterygia were relatively 
uncommon, with 25 cases (1.2%). There was one case of 
sub-acute inflammation of a pterygium, while 185 (9.1%) 
children exhibited pre-pterygium lesions. Nine (0.4%) children 
had lesions that were highly suspect for OSSN. Congenital, 
“complexion-associated” melanosis was a common finding 
(as expected in an African population), with 216 (11%) cases; 
however, the lesions were often multiple and, in some cases, 
larger, more irregular in configuration with irregular borders 
and slightly raised and with more irregular surfaces than 
those found in adult coastal/semi-arid area populations in 
Kenya (personal observation Long ME). Pigmentation was 
circo-limbal in 31 (1.5%) cases (Figure 1). Forty-five (2.2%) 
children had conjunctival naevi (Figure 2) and there were two 
(0.1%) cases of suspected conjunctival malignant melanoma. 
There were two (0.1%) cases of oculodermal melanocytosis, 
Naevus of Ota, one male and one female.
Other ocular morbidities  Ninety-six (4.7%) children had 
strabismus (Table 1), ten (0.5%) had nystagmus, and 39 
(1.9%) had a history of past trauma, with signs of old healed 
scars, corneal opacities, or traumatic cataract. Trauma was 

most often induced with a stick, some were sports related, 
and one child’s injury was the result of an encounter with an 
elephant. None were due to an infectious process. Fifteen 
(0.7%) children had lid lesions, which included eight (0.4%) 
cases of active trachoma (follicular stage), three chalazia, one 
case of mild congenital unilateral blepharoptosis, and three 
“others”. Twenty-five (1.2%) children had corneal conditions 
including one case of keratoconus, and five superficial and five 
deeper traumatic corneal scars. No overt classical ocular signs 
of vitamin A deficiency (xerosis, Bitot’s spot) were noted; 
however, 181 (8.9%) children complained of nyctalopia.
Management of Conditions Found in the Study  A total 
of 326/2036 (16%) children was referred for specialist 
care, including two cases with an orbital tumor; 11 cases 
of suspected conjunctival malignancy (nine OSSN, two 
melanoma); 96 cases of strabismus, ten with nystagmus, 
and one keratoconus. Sixty-nine of the 336 children with 
suspected refractive error were referred for refraction when an 
optometrist was not available during the school visit.
Association of Ocular Morbidity and Sex  There was no 
association between ocular morbidity and sex, odds ratio (OR) 
0.99 (95%CI 0.83-1.18), P=0.96, and no individual form of 
morbidity was associated with sex (Table 2).
DISCUSSION
In this cross-sectional epidemiological study, we determined 

Figure 1 Abnormal conjunctival appearance: circo-limbal melanosis 

with actinic changes.

Figure 2 Ill-defined naevus with cystic change.
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the ocular morbidity in primary school children in a remote, 
rural district in Kenya. The commonest finding was conjunctival 
actinic changes in 442 (22%) children. In addition, the 
symptomatic refractive error rate was 7.8%. Hyperopia of 
+1.00 D or more in either eye was present in 3.9%, and myopia 
of -0.50 D or worse in 3% of the children. Field studies in 
remote, rural areas of Africa are infrequent due to the many 
logistic difficulties, and the findings of a high prevalence of 
actinic injury and a low prevalence of myopia are of interest.
Kenya straddles the Equator and has sunlight all year round. 
Kajiado county is a semi-arid area known for cattle keeping 
and the study children spend most of their time outdoors. It is 
therefore not surprising that the most striking findings in this 
study were the high prevalence of actinic conjunctival changes 
and the relatively low prevalence of myopia. Our study 
population spent several hours walking to and from school 
each day in a dry and dusty environment and had no electricity 
supply or digital devices at home. While several children were 
referred to eye clinics, clinical follow up of these referred 
cases was not available and histopathological diagnoses were 
not provided. We therefore only report clinical diagnoses. Low 
rates of myopia have been reported in similar less developed 
rural populations[14-16], in contrast to more developed global 
regions[17] and may be related to lifestyle.
Actinic Conjunctival Changes, Pinguecula, Pterygium, 
Ocular Surface Squamous Neoplasia  Ultraviolet radiation 
exposure is associated with the development of pterygia[18] 
and OSSN. Though benign and slow growing, pterygia may 
eventually become sight-threatening by growing over the 
visual axis, necessitating surgical removal. They can also 
disturb tear-film function leading to dry eyes. While it is 
generally thought that malignant transformation does not 
occur, histological studies of pterygia have found dysplastic 
and pre-malignant changes[19]. The spectrum of histopathology 
of OSSN can range from epithelial dysplasia to carcinoma 
in-situ, to invasive squamous cell carcinoma[20] and lesions 
have a strong association with histologic conjunctival solar 
elastosis[21].

The median age of patients with OSSN in the northern 
hemisphere is 60y, and 35y in the southern hemisphere[20]. The 
average ages of occurrence reported for East Africa (Uganda, 
Tanzania and Kenya) were between 33 and 38y[22]. In the 
current study, we only looked at primary school children. 
However, in this study we only have clinical suspicion of 
OSSN as it was not feasible to perform histopathology, and 
this may have led to an overestimation of the prevalence. The 
relatively high prevalence of potential OSSN is probably not 
caused by human immunodeficiency virus (HIV) infections 
among the children[20], because of the age group, and HIV 
infections are not thought to occur frequently in the isolated 
population we studied.
Melanoma  Ultraviolet light has not only been implicated 
in the etiology of pterygia and OSSN but also in that of 
conjunctival melanoma[23]. Conjunctival naevi, which were 
found in 45/2036 (2.2%) of the study population, were 
judged to be benign, except for two cases of suspected 
melanoma. While conjunctival naevi rarely undergo malignant 
transformation, especially in young people[24-25], it has been 
reported that 14%-20% of conjunctival melanomas arise 
from pigmented naevi[26]. Strempel and Kroll[26] reported 3 
cases of childhood conjunctival melanoma. The two cases of 
oculodermal melanocytosis had scleral involvement and are 
therefore at risk of choroidal melanoma[27], although the risk is 
not well studied in people of African descent.
Refractive Errors  Based on the sample of 267 symptomatic 
students refracted during the visits of volunteer Optometrists, 
an estimated 3.9% of the student population were hyperopic, 
and 3.0% were myopic in either eye. A Meta-analysis of 
42 refractive error studies in Africa showed a prevalence 
of myopia (-0.5 D or more) of 4.7%[28]. Rates were higher 
in urban settings (6%) than in rural settings (4.9%), were 
higher during 2016–2021 (6.3%) than 2000–2005 (4.3%) and 
were higher in Northern (6.8%) and Southern (6.3%) than in 
Western (3.5%) and Eastern (4.7%) regions of Africa[28].
Refraction status is related to age, and to genetic and 
environmental factors. Worldwide studies over the past decade 

Table 2 Ocular conditions of females compared to males

Predictor Males (n=1084) Females (n=952) Unadjusted OR (95%CI) P
Ocular morbidity 460 (42%) 403 (42%) 0.99 (0.83-1.18) 0.96
Suspected refractive error 166 (15%) 170 (18%) 0.89 (0.69-1.14) 0.35
Conjunctival conditions 371 (30%) 302 (38%) 0.97 (0.81-1.18) 0.81
Trauma 22 (2.0%) 17 (1.8%) 0.88 (0.46-1.66) 0.69
Cornea 13 (1.2%) 12 (1.3%) 1.05 (0.48-2.32) 0.90
Strabismus 50 (4.6%) 46 (4.8%) 1.05 (0.70-1.58) 0.82
Nystagmus 6 (0.6%) 4 (0.4%) 0.76 (0.21-2.67) 0.67
Any treatment 31 (2.9%) 30 (3.2%) 1.11 (0.66-1.84) 0.70

OR: Odds ratio; CI: Confidence interval.

Ocular morbidity in rural Kenyan children
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have revealed an epidemic of myopia[3]. So-called “school 
myopia” occurs during school years due to prolonged close 
work and reduced exposure to outdoor activities[29]. A study in 
Chinese children showed that children who spent more time 
outdoors had a reduced rate of myopia[30].
A study of rural school children in India with lifestyles similar 
to our population found a very low prevalence of myopia 
(0.2%)[15], as did a study in rural Iran (2.6%)[16]. These findings 
are in keeping with previous studies in Kenya (1.7%)[14]. Our 
findings are consistent with the concept that increasing rates of 
myopia globally are associated with economic development, 
specifically time spent indoors performing near work[31]. Recent 
large international studies of the interaction of genetic and 
environmental factors point to predominantly environmental 
causes of myopia, interacting with certain gene loci[32].
Of the 336 pupils that were suspected to have refractive error 
based on symptoms and measurement of visual acuity, 267 
(79%) were refracted by volunteer (pro bono) optometrists. 
However, children without visual complaints and with 
good visual acuity were not refracted. We did not ascertain 
asymptomatic hyperopia. Non-cycloplegic refraction may have 
over-estimated myopia and under-estimated hyperopia. We did 
not have ethical permission to perform cycloplegic refraction 
in the current survey.
Trachoma and Vitamin A Deficiency  Only eight (0.4%) 
students had active or early-stage trachoma in our study. 
This contrasts with a study done by Nyamwaro[33] in Kajiado 
West who surveyed village children aged 1-9y and found 
a prevalence of 18.6 % in 2016. This study was of non-
schooled village children, with poor environmental hygiene 
associated with close contact with their herds and mud and 
stick dwellings. Our study was of school-going children, who 
at school had access to clean water, were taught and practiced 
good personal hygiene habits, and were in a clean environment 
and not exposed to animals or waste when at school.
Though being undernourished and lacking in any yellow or 
green vegetables, no overt classical ocular signs of vitamin 
A deficiency (xerosis, Bitot’s spots) were noted. However, 
181 (8.9%) children did complain of nyctalopia, a very 
inconvenient symptom in villages with no electrical supply, 
and suggestive of early disease. Such findings warrant closer 
investigation and consideration of a vitamin A supplement 
program in the area since vitamin A deficiency is a leading 
cause of preventable blindness in children worldwide[34].
In conclusion, the high prevalence of actinic conjunctival 
conditions amongst the primary school age group is a cause for 
concern, as is the high prevalence of complaints of nyctalopia. 
The prevalence of refractive errors (myopia -0.50 D or more 
3.0%, hyperopia +1.00 D or more 3.9%) was consistent with other 
studies performed in other less developed, rural populations.
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