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Abstract

Introduction: Malaria retinopathy refers to retinal abnormalities unique to
malaria resulting from prolonged parasitization by Plasmodium falciparum.
Identifying these features and treating them promptly could prevent lethal
complications of malaria. Therefore, this study was conducted to identify and
compare retinal findings in severe and uncomplicated malaria. Methods: A
cross-sectional study of 260 subjects was equally divided into two groups of
severe and uncomplicated malaria. Direct ophthalmoscopy was done at re-
cruitment for all subjects. Information on sociodemographics, physical ex-
amination, nutritional status, and retinal abnormalities were recorded. A p-value
<5% was considered significant. Results: There were 141 (54.2%) males and
70 (26.9%) aged between 13 - 24 months. Severe anaemia, multiple convul-
sions, prostration, and cerebral malaria were the predominant forms of severe
malaria. Twenty-three (17.7%) subjects with severe malaria and none with
uncomplicated malaria had retinopathy. Retinal whitening (17.7%), vessel
changes (16.2%), and retinal haemorrhages (5.4%) were the major forms of
retinopathy. Retinopathy occurred in 43.8% of those with cerebral malaria.
Retinal whitening and vessel changes were significantly associated with mul-
tiple convulsions, cerebral malaria, and metabolic acidosis; retinal haemorr-
hage was associated with cerebral malaria and haemoglobinuria (p = 0.022)
and vessel changes with hypoglycaemia (p = 0.037). Cerebral malaria was an
independent predictor of retinal whitening (p = 0.004) and vessel changes (p
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= 0.008) while haemoglobinuria was an independent predictor of retinal hae-
morrhages (p = 0.007). Conclusion: Ophthalmoscopy is an important exami-
nation in children with severe malaria which could assist in early detection
and with prompt treatment, reduce morbidities and mortalities.
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1. Introduction

Malaria is a parasitic infection that is caused by the Plasmodium species which is
transmitted through a bite of the female Anopheles mosquito [1]. The five com-
mon species of the Plasmodium spp that cause malaria in humans are Plasmo-
dium falciparum, Plasmodium ovale, Plasmodium vivax, Plasmodium malariae,
and Plasmodium knowlesi [2]. Among these, Plasmodium falciparum and Plas-
modium vivax are associated with severe forms of malaria, the former being the
most lethal [2]. P. falciparum accounts for 80% - 90% of cases of malaria in
Africa while the remaining 8% and 2% - 3% are caused by P. ovale and P. mala-
rigerespectively [3].

Malaria affects over 55% of the world’s population which cuts across 124 coun-
tries, 90% - 95% of which are in Sub-Saharan Africa [4] [5]. Recent World Health
Organisation (WHO) data in 2020 estimated 241 million cases of malaria
worldwide with Africa accounting for about 96% of all the cases and over
627,000 deaths occurring annually from malaria worldwide of which about 95%
were from the African region [4] [5]. About one out of every five deaths of un-
der-five children worldwide is due to malaria [4]. In Nigeria, malaria affects up
to 97% of the population with 100 million cases and up to 300,000 deaths an-
nually [4] [6]. The majority of these deaths occur in under-five children [7]. Mala-
ria also accounts for up to 60% of outpatient visits and 30% of hospitalizations
among under-five children [5]. The Southwestern region of Nigeria accounts for
the highest number of malaria cases among under-five children in Nigeria with a
prevalence of 50.3% compared to Southeastern Nigeria which has the lowest
prevalence of 27.6% [5].

Malaria could either be uncomplicated when an individual presents with symp-
toms suggestive of malaria and a positive parasitologic test or severe when it is
accompanied by or leads to complications that are life-threatening [8]. The com-
plications include severe anaemia, cerebral malaria, hypoglycaemia, acute kidney
injury, pulmonary oedema, haemoglobinuria, metabolic acidosis, algid malaria,
and hyperparasitemia [9] [10] [11]. Severe anaemia and cerebral malaria are
however the most common severe forms of malaria among children with cere-
bral malaria being responsible for the highest proportion of malaria mortality
[12] [13].

Studies have consistently documented some ophthalmologic findings in cere-
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bral malaria which include absence of corneal reflex, pupillary constriction, poor
reaction to light, and retinal changes [14] [15]. These retinal changes were found
to be of prognostic value in children with severe malaria. Some of these retinal
changes include whitening of the retina and macula, orange discolouration of re-
tinal vessels, papilloedema, and retinal haemorrhages [16] [17]. Oluwayemi et al
[18] in a study in Nigeria reported that retinal haemorrhage was significantly
associated with higher mortality in cerebral malaria subjects. Similarly, Essuman
et al [19] in a study in Ghana concluded that the severity of retinal haemorr-
hages and papilloedema may be useful in predicting the likelihood of death in
cerebral malaria. Singh et al [17] in a study in India observed that papilloedema
and retinal haemorrhages were predictors of mortality. Maude ef al [20] believed
that the retinopathy seen in cerebral malaria and other forms of severe malaria
are manifestations of the same pathophysiological mechanisms occurring at dif-
ferent anatomical sites. Therefore, it is possible that these retinal changes could
also be occurring in other forms of severe malaria apart from cerebral malaria
and could probably precede the clinical manifestations of severe malaria [20]
[21].

Identification of the ophthalmoscopic changes in severe malaria as well as
uncomplicated malaria could heighten the alertness of clinicians in children and
therefore the need for early and appropriate interventions to prevent mortality.
There is a dearth of studies on ophthalmoscopic changes in severe malaria and
uncomplicated malaria in this environment which is an endemic region for ma-
laria. This study was, therefore, carried out to identify and compare the oph-
thalmoscopic changes between severe malaria and uncomplicated malaria and
also to determine the factors associated with the ophthalmoscopic changes. This
study will, therefore, help to determine the importance of fundoscopy in all pa-
tients with severe and uncomplicated malaria to engender early treatment and
better outcomes. Findings from this study will provide additional information
on the ophthalmoscopic features of a wider range of malaria which may then
inform the need for the inclusion of ophthalmoscopy in the assessment of all

cases of malaria.

2. Methodology

Study design: This was a hospital-based comparative cross-sectional study.

Study site: This study was carried out at the Children Emergency Room (CHER)
and Children Out-patient (CHOP) units of the Paediatrics Department, Federal
Medical Centre (FMC), Owo, Ondo state. The FMC, Owo is a tertiary hospital
that serves as the referral centre for Ondo state as well as some adjoining states
of Edo, Osun, Ekiti, and Kogi. Owo is a semi-urban town with a population of
about 300,000 people according to the National Population Commission [22].
Owo town is located within the south-west geo-political zone of Nigeria and lies
within latitude 7.1833°N and longitude 5.5833°E which is within the malaria
endemic belt of the world [22] [23]. The people of the town are mostly traders,
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farmers, and civil servants.

Study population: The case group was children between the ages of six months
and five years that were admitted to the CHER with features of severe malaria
including palor, convulsions, loss of consciousness, the passage of coke-coloured
urine, prostration, jaundice, shock, abnormal bleeding caused by asexual forms
of P. falciparum while the control group were age and sex-matched children
with uncomplicated malaria caused by asexual forms of P. falciparum seen at the
CHOP. Children with chronic illnesses like sickle cell disease, diabetes, and hyper-
tension that affect the eyes were excluded from the study.

Study duration: November 2020 to August 2021.

Ethical consideration: Approval for the study was obtained from the Federal
Medical Centre, Owo Ethics and Research Committee with number FMC/OW/
380/VOL.CXXXVL/98. Written informed consent was obtained from the care-
giver of each of the subjects that were recruited for the study

Sample size estimation

The sample size for this study was determined using the formula by Charan
and Biswas [24].

(Za +Zﬁ )Z{pl(l_ p1)+ P, (1_ pz)}
(P~ pz)2

N = Minimum sample size.

P, = Proportion with malaria retinopathy in severe malaria group is 0.70.

P, = Proportion of malaria retinopathy in uncomplicated malaria is 0.50.

Z, = Standard normal deviate corresponding to level of significance (usually
5%) Le. 1.96.

Zp = Standard normal variate for power of 90% is 1.28.
(1.96+1.28)° {0.7(1-0.7) +0.5(1-0.5)}
(0.7-0.5)°

N=120.7.

Applying an attrition rate of 5%, the minimum sample size was 130 for each
of the severe and uncomplicated malaria groups.

Sampling technique: All consecutive admissions into the children’s emer-
gency room and visits to the children’s outpatient clinics were noted. Those
whose ages were between six months to five years and who met the inclusion
criteria for severe malaria were recruited into the severe malaria group. They
were tested for the presence of an asexual form of Plasmodium falciparum using
the microscopy method. Those that tested positive for the asexual form of Plas-
modium falciparum and whose parents had given consent were recruited into
the study until the sample size was completed.

For the uncomplicated malaria group, all children between the ages of six
months and five years presenting at the Children’s outpatient with fever and any
other symptoms related to malaria were tested for the asexual form of Plasmo-

dium falciparum using the microscopy method. Only those in whom the parasite
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was detected on microscopy were recruited.

2.1. Study Procedure

For all recruited subjects, information was obtained from the caregiver. The in-
formation included socio-demographic data such as age in months, gender,
parents’ level of education and occupation; symptoms and duration, treatment
given, and type. The socio-economic classes of all the parents of the subjects
were assessed using the socio-economic classification of children in Nigeria by
Ogunlesi et al [25]. All data obtained were entered into the questionnaires spe-
cifically designed for the study.

General physical and systemic examination was done on all subjects recruited.
Features of severe malaria that were not captured from the symptomatology
were identified such as palor, jaundice, level of consciousness, splenic span, liver
span, as well as respiratory and neurological examinations.

Weight (in kilograms to the nearest 0.1 kg) was measured using a Bassinet
Weighing Scale¢® (which measures to the nearest 0.05 kg) for children less than
one year while Hana Weighing Scale® (which measures to the nearest 0.1 kg) was
used for subjects one year and above. For unconscious subjects, approximate
weights were obtained from the deduction of the weight of the caregiver from
the combined weight of both the caregiver and the subject.

Height (in centimetres, cm) was assessed for the subjects above two years us-
ing a stadiometer (to the nearest 0.1 cm) while length (in centimetres, cm) was
assessed for the subjects below two years using an infantometer (to the nearest
0.1 cm). For the unconscious, length was estimated using a measuring tape.

All subjects had ophthalmoscopic assessments done at recruitment using a
Riester Ophthalmoscope. This was a hand-held direct ophthalmoscopic device
that uses low-emission diode (LED) technology. For the conscious subject, the
child was made to sit upright on a chair and to look straight ahead while the
examiner standing on one side and facing the child shines the light from the
ophthalmoscope into the dilated pupil. For the unconscious subject, the exami-
nation was done with the subject lying supine. With the aid of the Riester oph-
thalmoscope, the fundus of the subject was examined with a focus on the retina
and its surrounding structures including the vessels. The eyelid was manually
opened to make the palpebral fissure wide enough for examination. For those in
whom the retina was difficult to visualise because of pupillary constriction, a
short-acting mydriatic agent (1% tropicamide) was applied to the eyes to dilate
the pupils. This was allowed to stay for about thirty minutes after which the pu-
pils were well dilated and allowed for visualisation of the retina.

The pupillary dilatation lasted for about 90 minutes before the pupils returned
to their normal sizes. The possibility of side effects of the tropicamide was ex-
plained to the parents before the application was done. These side effects include
stinging of the eyes, blurring of vision, and sensitivity of the eyes to light. Some

caregivers, especially those whose children had uncomplicated malaria, declined
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the application of the tropicamide hence they were excluded from the research.

Repeat ophthalmoscopic examination was done at 24 and 48 hours to identify
new and evolving retinal abnormalities. Those with persisting malaria retinopa-
thy were counseled to re-present for follow-up at the children’s outpatient de-
partment once weekly for two consecutive weeks after discharge and thereafter
referred to Ophthalmology Department for continued follow-up if malaria reti-
nopathy persisted.

Retinal/macular whitening was identified when there was patchy opacification
of the retinal, lateral to the disc [26]. When it occurred around the macula, it
was referred to as macular whitening, whereas it was called peripheral whitening
when seen outside of the macula [26]. Vessel changes were reported when there
was whitish or orange discolouration of retinal vessels. It involved discrete sec-
tions of vessels or peripheral trees and capillary whitening which was the whi-
tening of retinal capillaries and post-capillary venules making them to be prom-
inent against the choroidal background [26]. Retinal haemorrhages were
white-centred, intra-retinal haemorrhage which could be numerous or overlap-

ping and could sometimes extend to pre-retinal space [26].

2.2. Data Analysis

Data were analyzed using the Statistical Package for Social Sciences (SPSS) soft-
ware version 23. Results were expressed as means and standard deviation for
normally distributed continuous variables. Categorical variables were compared
using the Chi-square test and Fisher’s exact test as applicable. Means of conti-
nuous variables were compared using the Student #-test for two groups. Multiva-
riate analysis was used to analyze factors associated with ophthalmoscopic find-

ings and a p-value of < 0.05 was regarded as statistically significant.

3. Results

Two hundred and six patients were admitted for different forms of severe mala-
ria during the study period out of which one hundred and thirty (63.1%) that
met the inclusion criteria were recruited into the severe malaria group. The de-
mographic distribution and nutritional status of the study participants is as
shown in Table 1. The predominant age group was age 13 - 24 months (26.9%)
while only 12.3% were age group 37 - 48 months. The overall mean age of all
participants was 30.1 (+18.1) months. About two-thirds (66.1%) of subjects in
the severe malaria group were below 36 months. The mean ages of uncompli-
cated and severe malaria groups were 29.5 (+18.0) months and 30.8 (+18.4)
months respectively. There was no statistically significant difference in the mean
ages of the two groups (= 0.556, p = 0.578). The male to female ratio was 1.2:1
for the study participants, but slightly higher (1.3:1) for the severe malaria
group. Majority of the study participants have normal weight (72.7%) and height
(79.2%). There were no statistically significant differences in the age, gender and

nutritional status of the subjects in the two study groups.
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Table 1. Demographic distribution and nutritional status of the study participants.

Variable Se:e:el ;\:I)?}}Z;ia Uncl\(;llzr:lzlrlicaated n=T2(6):;l%) Chi-square p-value
n=130(%)
Age group (months)
6-12 28 (21.5)** 30 (23.1) 58 (22.3) 0.609 0.965
13-24 35 (26.9) 35 (26.9) 70 (26.9)
25-36 23 (17.7) 24 (18.5) 47 (18.1)
37-48 18 (13.9) 14 (10.8) 32 (12.3)
49 - 59 26 (20.0) 27 (20.7) 53 (20.4)
Gender
Males 72 (55.4) 69 (53.1) 141 (54.2) 0.139 0.803
Females 58 (44.6) 61 (46.9) 119 (45.8)
Weight for age (z score)
Normal 90 (69.2) 99 (76.1) 189 (72.7) 2.693* 0.471
Underweight 25(19.3) 23 (17.7) 48 (18.5)
Severely underweight 13 (10.0) 7 (5.4) 20(7.7)
Overweight 2 (1.5) 1(0.8) 3(1.1)
Height for age (z score)
Normal 98 (75.4) 108 (83.1) 206 (79.2) 2.342 0.311
Stunted 23 (17.7) 16 (12.3) 39(15.0)
Severely stunted 9 (6.9) 6 (4.6) 15(5.8)
Weight for height/length (z score)
Normal 100 (76.9) 89 (68.4) 189 (72.7) 3.058* 0.548
Obese 12 (9.2) 17 (13.1) 29 (11.2)
Overweight 6 (4.6) 6 (4.6) 12 (4.6)
Moderately wasted 4(3.1) 8 (6.2) 12 (4.6)
Severely wasted 8(6.2) 10 (7.7) 18 (6.9)

*Fischer’s Exact test was used; **Figures in parenthesis are percentages of column total.
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3.1. Forms of Severe Malaria

Table 2 shows the forms of severe malaria among the subjects in the severe ma-
laria group. The most frequent form of severe malaria was severe anaemia seen
in 76 (58.5%) subjects while the least frequent forms were jaundice and hypog-

lycaemia which were seen in 12 (9.2%) and 9 (6.9%) of the subjects respectively.

3.2. Ophthalmoscopic Findings among Subjects with
Uncomplicated Malaria

None of the 130 subjects with uncomplicated malaria had any ophthalmoscopic
finding.

3.3. Ophthalmoscopic Findings among Subjects with Severe
Malaria

Abnormal ophthalmoscopic findings were present in 23 of the 130 subjects with
severe malaria giving the prevalence of malaria retinopathy as 17.7%. The most
common retinopathy was retinal whitening which was present in all the 23 sub-
jects that had retinopathy (equivalent to 17.7% of all subjects in the severe mala-
ria group) while retinal haemorrhage was the least common, being present in 7
(5.4%) of all the subjects. Figure 1 shows the overlap of the occurrence of the
different forms of retinopathy. Fourteen subjects had only vessel changes in ad-
dition to the retinal whitening while seven had retinal haemorrhage and vessel
changes in addition to the retinal whitening. None had retinal haemorrhage

alone while only two had retinal whitening in isolation.

3.4. Comparison of Retinopathy between Uncomplicated and
Severe Malaria

Table 3 shows the comparison of retinopathy between severe and uncompli-
cated malaria. The occurrence of the different forms of retinopathy among sub-
jects with severe malaria was statistically significant (p < 0.001 for retinal whi-
tening, p < 0.001 for vessel changes, and p = 0.007 for retinal haemorrhages).

Table 2. Forms of severe malaria.

Form of severe malaria Frequency (n = 130)* Percentage (%)
Severe anaemia 76 58.5
Multiple convulsions 61 46.9
Prostration 50 38.5
Cerebral malaria 32 24.6
Haemoglobinuria 24 18.5
Metabolic acidosis 13 10.0
Jaundice 12 9.2
Hypoglycaemia 9 6.9

*Subjects had more than one form of severe malaria.
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RETINAL WHITENING TOTAL =23

| VESSEL CHANGES TOTAL = 21 |

RETINAL HAEMORRHAGE TOTAL = 7|

Figure 1. Stacked venn diagram showing the distribution and overlap of ophthalmoscop-
ic findings in severe malaria.

Table 3. Ophthalmoscopic findings in children with severe malaria and uncomplicated

malaria.
U licated S
Ophthalmoscopic fieomp 1‘ca ¢ ever‘e Fisher’s Exact
findings Malaria Malaria test p-value
8 n=130(%) n=130(%)
Retinal whitening
Present 0 (0.0) 23 (17.7) 25232 <0.001
Absent 130 (100.0) 107 (82.3)

Vessel changes
Present 0 (0.0) 21 (16.2) 22.845 <0.001

Absent 130 (100.0) 109 (83.8)

Retinal haemorrhages
Present 0 (0.0) 7 (5.4) 7.194 0.007

Absent 130 (100.0) 123 (94.6)

*Figures in parentheses are percentages of column total.

3.5. Relationship between the Forms of Severe Malaria and
Occurrence of Retinal Whitening (RW)

Table 4 shows the relationship between the forms of severe malaria and pres-
ence of retinal whitening. A higher proportion of patients with cerebral malaria
(43.8%), metabolic acidosis (46.2%) and hypoglycaemia (44.4%) had retinal
whitening while it was less common among patients with jaundice (16.7%) and
prostration (16.0%). However, the relationship between forms of severe malaria
and retinal whitening was statistically significant in patients with multiple con-
vulsions (> = 5.752; p = 0.016), cerebral malaria (}* = 19.737; p = 0.001) and
metabolic acidosis (y* = 8.035; p = 0.005).
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Table 4. Relationship between retinal whitening and forms of severe malaria.

Severe malaria Retinal whitening
T . Present Absent Chi-square p-value
e requenc
P quency 1223 n=107

Multiple convulsion
Yes 61(100.0) 16 (26.2) 45 (73.8) 5.752 0.016

No 69 (100.0)  7(10.1)  62(89.9)

Severe anaemia
Yes 76 (100.0) 16 (21.1) 60 (78.9) 1.419 0.234

No 54(100.0)  7(13.0) 47 (87.0)

Cerebral malaria

Yes 32 (100.0) 14 (43.8) 18 (56.2) 19.737 0.001
No 98 (100.0)  9(9.2) 89 (90.8)
Prostration
Yes 50 (100.0) 8 (16.0) 42 (84.0) 0.160 0.815
No 80 (100.0) 15(18.8)  65(81.2)
Haemoglobinuria
Yes 24 (100.0) 7 (29.2) 17 (70.8) 2.661 0.103
No 106 (100.0) 16 (15.1) 90 (84.9)

Metabolic acidosis

Yes 13 (100.0) 6 (46.2) 7 (53.8) 8.035 0.005
No 117 (100.0) 17 (14.5) 100 (85.5)
Jaundice
Yes 12 (100.0)  2(16.7)  10(83.3) 0.100 0.922
No 118 (100.0) 21(17.8) 97 (82.2)
Hypoglycaemia
Yes 9(100.0) 4 (44.4) 5 (55.6) 4.752 0.052
No 121 (100.0) 19(15.7) 102 (84.3)

3.6. Relationship between the Forms of Severe Malaria and
Occurrence of Vessel Changes (VC)

Table 5 shows the relationship between the forms of severe malaria and pres-
ence of vessel changes in the retinal. A higher proportion of patients with cere-
bral malaria (43.8%), metabolic acidosis (46.2%) and hypoglycaemia (44.4%)

had vessel changes in the retinal while it was less common among patients with
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jaundice (16.7%) and prostration (14.0%). However, the relationship between
forms of severe malaria and vessel change was statistically significant in patients
with multiple convulsions (y* = 8.614; p = 0.003), cerebral malaria (y* = 23.867; p
= 0.001), metabolic acidosis (* = 9.598; p = 0.002), and hypoglycaemia (}* =
5.714; p = 0.037).

Table 5. Relationship between vessel changes and forms of severe malaria.

Severe malaria Vessel changes
T Present Absent Chi-square  p-value
e Frequenc
P queney -2 n =109

Multiple convulsion
Yes 61(100.0) 16 (26.2) 45 (73.8) 8.614 0.003

No 69 (100.0)  5(7.2) 64 (92.8)

Severe anaemia
Yes 76 (100.0) 14 (18.4) 62 (81.6) 0.694 0.405

No 54(100.0)  7(13.0) 47 (87.0)

Cerebral malaria

Yes 32 (100.0) 14 (43.8) 18 (56.2) 23.867 0.001
No 98 (100.0) 7(7.1) 91 (92.9)
Prostration
Yes 50 (100.0)  7(14.0)  43(86.0) 0.278 0.598
No 80 (100.0) 14 (17.5) 66 (82.5)
Haemoglobinuria
Yes 24 (100.0) 7(29.2)  17(70.8) 3.680 0.055
No 106 (100.0) 14 (13.2) 92 (86.8)

Metabolic acidosis

Yes 13 (100.0) 6 (46.2) 7 (53.8) 9.598 0.002
No 117 (100.0) 15(12.8) 102(87.2)
Jaundice
Yes 12 (100.0)  2(16.7) 10 (83.3) 0.003 0.960
No 118 (100.0) 19 (16.1) 99 (83.9)
Hypoglycaemia
Yes 9(100.0) 4 (44.4) 5 (55.6) 5714 0.037
No 121 (100.0) 17 (14.1) 104 (85.9)

*Figures in parentheses are percentages of total along the row.
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3.7. Relationship between the Forms of Severe Malaria and
Occurrence of Retinal Haemorrhages (RH)

Table 6 revealed the relationship between the forms of severe malaria and pres-
ence of retinal haemorrhages. Retinal haemorrhage was mostly seen among pa-

tients with cerebral malaria (21.9%), jaundice (16.7%), and haemoglobinuria

Table 6. Relationship between retinal haemorrhage and forms of severe malaria.

Severe malaria Retinal haemorrhage
T . Present Absent Chi-square p-value
e requenc
P WY n7 =123

Multiple convulsion
Yes 61 (100.0) 7 (11.5) 54 (88.5) 8.369 0.004

No 69 (100.0) 0 (00.0) 69 (100.0)

Severe anaemia
Yes 76 (100.0) 4 (5.3) 72 (94.7) 0.005 0.942

No 54 (100.0) 3 (5.6) 51 (94.4)

Cerebral malaria

Yes 32(100.0) 7(21.9)  25(78.1)  22.658 0.001
No 98 (100.0)  0(00.0) 98 (100)
Prostration
Yes 50 (100.0) 1(2.0) 49 (98.0) 1.827 0.176
No 80 (100.0) 6 (7.5) 74 (92.5)
Haemoglobinuria
Yes 24 (100.0)  4(16.7)  20(83.3) 7.354 0.022
No 106 (100.0)  3(2.8) 103 (97.2)

Metabolic acidosis

Yes 13 (100.0)  2(154) 11 (84.6) 2.835 0.092
No 117 (100.0)  5(4.3)  112(95.7)
Jaundice
Yes 12 (100.0) 2 (16.7) 10 (83.3) 3.303 0.690
No 118 (100.0) 5(4.2) 113 (95.8)
Hypoglycaemia
Yes 9(100.0)  1(11.1) 8 (88.9) 0.622 0.402
No 121 (100.0)  6(5.0) 115 (95.0)

*Figures in parentheses are percentages of total along the row.
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(16.7%) while it was barely seen among patients with prostration (2.0%). How-
ever, the relationship between forms of severe malaria and retinal haemorrhage
was statistically significant in patients with multiple convulsions (}* = 8.369; p =
0.004), cerebral malaria (y* = 22.658; p = 0.001), and haemoglobinuria (y =
7.354; p= 0.022).

3.8. Association between Retinal Whitening, Vessel Changes,
Retinal Haemorrhages and the Forms of Severe Malaria
Using Multivariate Analysis

Table 7 shows the association between retinal whitening, vessel changes, retinal
haemorrhages and the forms of severe malaria using multivariate analysis. Cere-
bral malaria was found to be an independent predictor of retinal whitening (OR
= 7.7, p=0.004, 95% CI = 0.019 - 0.475) and vessel changes (OR = 10.1, p =
0.008, 95% CI = 0.022 - 5.71) while haemoglobinuria was an independent pre-
dictor of retinal haemorrhages (OR = 6.9, p = 0.007, 95% CI = 0.003 - 0.380).
The odds of patient with cerebral malaria developing retinal whitening is about
eight times other forms of sever malaria and 10 times in having vessel changes.
Children with haemoglobinuria have an odd of seven times other forms of se-

vere malaria in developing retinal haemorrhages.

Table 7. Association between retinal whitening, vessel changes, retinal haemorrhages and the forms of severe malaria using mul-

tivariate analysis.

. 95% *CI
Severe malaria Coefﬁc1e‘n t Standard Exp p-value 0Odd ratio
of regression Error (S.E) (B) Lower Upper
Retinal Whitening
Metabolic acidosis -0.326 0.836 0.722 0.697 5.042 0.140 3.717
Cerebral malaria —2.341 0.815 0.096 0.004 7.691 0.019 0.475
Multiple convulsions 0.451 0.837 1.570 0.590 3.149 0.304 8.107
Vessel Changes
Cerebral malaria -2.181 0.827 0.113 0.008 10.111 0.022 0.571
Multiple convulsions —0.044 0.875 0.957 0.960 4.551 0.172 5.318
Hypoglycaemia 1.089 0.828 2.970 0.189 0.502 0.586 15.056
Retinal haemorrhage
Multiple convulsions —-0.976 8036.266 0.377 1.000 0.000
Cerebral malaria —-20.075 6779.795 0.000 0.998 0.000
Haemoglobinuria -3.466 1.118 0.031 0.007 6.867 0.003 0.380
*CI = Confidence interval.
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4. Outcome

Three (2.3%) subjects died among the severe malaria group during the course of
the study of which one (0.8%) had cerebral malaria while two (1.5%) had severe
anaemia. One of the severe anaemia subjects had retinal whitening (0.8%) while
the remaining two had no retinopathy. All three subjects died within 24 hours of
hospital presentation.

None of the twenty three subjects with malaria retinopathy had resolution at
24 hours of treatment while eighteen (78.3%) had resolution at 48 hours of ad-
mission. The remaining five (21.7%) were discharged home with retinopathy but

were lost to follow-up.

5. Discussion

This study was undertaken to identify and compare malaria retinopathy in dif-
ferent forms of severe malaria and uncomplicated malaria as well as to deter-
mine the factors associated with the occurrence of malaria retinopathy.

None of the children with uncomplicated malaria in this study had malaria re-
tinopathy. While studies on malaria retinopathy in severe malaria abound, there
are only a few available studies of the phenomenon in uncomplicated malaria.
Maude et al [27] in a study in Bangladesh reported a prevalence of 12% among
uncomplicated malaria and the forms of malaria retinopathy were retinal whi-
tenings and vessel changes [27]. The reason for the difference in the prevalence
of retinopathy in uncomplicated malaria in the present study could be due to the
age differences of the subjects of the studies. The current study focused on
children below five years while the other study was done among adults. Similar-
ly, the utilization of the indirect ophthalmoscopy method supplemented by a
fundus camera that was used by Maude et al [27] which has a better sensitivity
in identifying the mildest form of retinopathy could also have accounted for the
very high prevalence that was reported in that study. Nevertheless, this current
study has further demonstrated that malaria retinopathy is almost exclusive to
severe malaria hence; its presence should heighten the alertness of the clinician
for early and appropriate interventions.

The prevalence of malaria retinopathy among children with severe malaria in
this study was 17.7%. This prevalence was lower than the 37% reported by Mo-
hammed et al [28] in Kano, Nigeria; and 73% reported by Essuman ef al [19] in
Ghana. The lower prevalence observed in the current study could be attributed
to the diversity in the forms of severe malaria that constituted the study popula-
tion. While the three earlier studies focused predominantly on cerebral malaria
and severe anaemia which have been more consistently associated with malaria
retinopathy the current study included other forms of severe malaria which were
less associated with retinopathy. This may thus have a dilutional effect on the
observed prevalence. In addition, the use of direct ophthalmoscopy in this study
as against indirect ophthalmoscopy or a combination of both (which has a high-

er sensitivity) used in the earlier studies could also have contributed to the re-
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ported lower prevalence. Although indirect ophthalmoscopy would be more de-
sirable for better accuracy it is not practicable for routine bedside clinical prac-
tice and also not readily available in resource-poor settings including the site of
the current study.

Retinal whitening was the most common form of retinopathy observed in the
current study while retinal haemorrhage was the least common. This pattern is
similar to what has been observed previously by Beare et al [16] and Essuman et
al [19] who documented that retinal whitening was the most frequent form of
retinopathy. This was further corroborated by the finding of cytoadherence
erythrocytes within the retinal vessels of subjects who had retinal whitening as
well as the predominance of receptors within the retina which allows for attach-
ment of the parasite [29]. It is important to note that the prevalence of retinal
whitening though, the highest among the other forms of retinopathy in the cur-
rent study is much lower compared to those earlier reported by Essuman et al
[19] and Beare ef al [16] in studies where fundoscopy was done by the ophthal-
mologist using indirect ophthalmoscopy method which are factors that could
independently or jointly increase the sensitivity of the fundoscopy.

The current study has been able to identify that malaria retinopathy does not
only occur in cerebral malaria as it was observed in children with other forms of
severe malaria. It was however observed that malaria retinopathy was more sig-
nificantly associated with cerebral malaria, metabolic acidosis, multiple convul-
sions, and haemoglobinuria. Being the most lethal form of severe malaria, cere-
bral malaria retinopathy has received the greatest attention. Studies on cerebral
malaria have observed a high prevalence of retinopathy ranging between 44% -
73%. Oluwayemi et al [18] reported a prevalence of 44.0% in Ekiti, Essuman et
al [19] reported 73% in Ghana, while Beare et al [26] and Burton ef al [30] re-
ported 61% and 66.7% respectively. In the same vein, cerebral malaria retinopa-
thy prevalence in the current study was 43.8%, half of whom had retinal hae-
morrhages. Examination of the fundus should therefore be considered important
when cerebral malaria is being suspected in a child as the presence of retinopa-
thy could support the diagnosis. In this study, the prevalence of malaria retino-
pathy was significantly high among subjects with cerebral malaria, similar to
what has been observed in other studies [19] [26] [30]. The pathogenesis and
pathologic changes of retinopathy although, not completely understood have
been said to be similar to those that occur in the brain in cerebral malaria while
receptors responsible for attachment and cytoadherence of the Plasmodium spe-
cies are said to be equally predominant in the brain and retina [14]. It is there-
fore not unexpected that cerebral malaria will be more associated with retinopa-
thy than other non-cerebral forms of severe malaria.

While the overall prevalence of retinal haemorrhage in this study was 5.4%, it
was significantly more common among those with cerebral malaria, multiple
convulsions, and heamoglobinuria. The 21.9% prevalence of retinal haemorr-

hages in cerebral malaria was similar to the 23.3% that was reported by Olumese
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et al [31] in Ibadan. Both studies were carried out among children of similar age
groups within the same geographical location and using a similar method of
fundoscopy. Mohammed et al [28] and Oluwayemi et al [18] however, docu-
mented a very low prevalence of retinal haemorrhage in children with cerebral
malaria in Ekiti and Kano states of Nigeria respectively, while the prevalences
reported by Beare ef al [16] and Essuman et al [19] were almost double that of
the current study. Rather than just attributing this difference to geographical lo-
cation or method of fundoscopy, a more detailed multicentre study involving
ophthalmologists might be useful to further highlight the relationship of retinal
haemorrhage to cerebral malaria.

In keeping with previous studies [19] [26], it was noted in the current study
that all the observed types of malaria retinopathy were significantly associated
with the two forms of severe malaria that affect the brain (cerebral malaria and
multiple convulsions). This further provides evidence that retinopathy is more
associated with certain forms of severe malaria especially those with pathologic
changes within the brain. Some authors have further documented the usefulness
of malaria retinopathy in prognosticating cerebral malaria [16] [17]. Beyond
this, however, this study documented an association between retinal whitening
and metabolic acidosis similar to the findings of Maude et al [27] between vessel
changes and hypoglycaemia as well as between retinal haemorrhage and hae-
moglobinuria. This indicates that retinopathy is not limited to cerebral malaria.

To the best of our knowledge, the association of haemoglobinuria and hypog-
lycaemia with malaria retinopathy has not been reported previously. Metabolic
acidosis causes endothelial dysfunction and hence affects vascular integrity [32].
This may increase the risk for ischaemia, localised tissue hypoxia, and haemorr-
hage leading to retinopathy [27]. With increased intravascular haemolysis re-
sulting in haemoglobinuria, the free serum haemoglobin scavenges nitric oxide
which is a potent vasodilator [33]. This decreased nitric oxide may predispose to
ischaemia of the retina. Also, free haemoglobin has been shown to cause oxida-
tive damage by lipid peroxidation and loss of vascular integrity. This predisposes
to vasoconstriction, and thus possibly contributes to retinopathy [34]. Therefore,
it is prudent that all children with severe malaria be examined for retinopathy. A
longitudinal study of patients with these other forms of severe malaria who have
retinopathy may be desirable. This will assist in determining the prognostic val-
ues of retinopathy in them just as has been severally done for cerebral malaria.

It is noteworthy that despite being the most common form of severe malaria
in this study, there was no significant association between severe anaemia and
any form of malaria retinopathy. This was contrary to the observation of Beare
et al [16] in Malawi and Essuman et al [19] in Ghana who found a significant
association between malaria retinopathy and severe anaemia. The exact reason
for the difference is unknown. However, the retinopathy associated with severe
anaemia in malaria has been described as being mild, which is best detected by

the more sensitive indirect ophthalmoscopy used by the authors compared to
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the direct ophthalmoscopy used in the present study [16] [19]. Although, there
was no direct significant association between retinal haemorrhage and severe
anaemia on one hand, the importance of the presence of retinal haemorrhage in
severe anemia as a possible indicator of severe haemolysis could be observed in
this study. The only four subjects who had retinal haemorrhage among a large
number of subjects with severe anaemia were the same as the only four who had
retinal haemorrhage among the few with haemoglobinuria which showed signif-
icant association. This suggests that the presence of retinal haemorrhages could
serve as an indicator of massive haemolysis with subsequent haemoglobinuria
(and the possibility of kidney injuries from the toxic effects of haemoglobin
contact with the renal tubules) which therefore calls for closer attention when
found. A longitudinal study to further document the presence of such a rela-
tionship is however advocated.

The limitation of this study was the inability to perform post-mortems for pa-
tients that died because of the refusal to give consent and aversion by the pa-
thologists to conduct post-mortems due to the Corona Virus pandemic. Post-

mortem is the confirmatory test to diagnose cerebral malaria.

6. Conclusion

In conclusion, the current study showed the presence of retinopathy in all forms
of severe malaria and was not limited to cerebral malaria as speculated by other
studies; it also revealed that cerebral malaria and haemoglobinuria were predic-
tors of retinopathy. This, therefore, calls for routine fundoscopic examination in
all children with severe malaria and the need for ophthalmoscopic examination

training for all health care workers.
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