. . SAGE Open Medicine
Systematic Review

SAGE Open Medicine
Volume 10: I-17

Prevalence of asymptomatic malaria © The Author(s) 2022

Article reuse guidelines:

and associated factors in Ethiopia: sagepub comfournals-permissons

DOI: 10.1177/20503121221088085

: : - : journals.sagepub.com/home/smo
Systematic review and meta-analysis SOAGE

Afework Tamiru'(?), Tadesse Tolossa'(?), Bikila Regasa'
and Getu Mosisa?

Abstract

Active detection of asymptomatic malaria cases and resolution of associated factors are essential for malaria elimination.
There are no nationwide estimates for asymptomatic malaria and associated factors in Ethiopia. Therefore, this study aims to
generate comprehensive and conclusive evidence from various studies conducted in Ethiopia. Published articles from various
electronic databases such as PubMed, Google Scholar, CINAHL, Scopes, Cochrane Library, the Web of Science, and African
Journals Online were accessed. Also, unpublished studies from Addis Ababa digital library were identified. All observational
study designs were included in the search. Data were extracted on the Microsoft Excel spreadsheet and analyzed using
STATA version 14.1. A random-effects model was fitted to estimate the pooled prevalence of asymptomatic malaria. A meta-
regression and subgroup analysis was computed to see heterogeneity. The publication bias was assessed by the funnel plots
and Egger’s statistical tests. The analysis found that the pooled burden of asymptomatic malaria was 6.7 (95% confidence
interval =4.60, 8.79). The pooled prevalence of Plasmodium falciparum was 3.75 (95% confidence interval =2.25, 5.18), and
that of Plasmodium vivax was 2.22 (95% confidence interval = 1.46, 2.99). Factors such indoor residual spray service (odds
ratio=0.46; 95% confidence interval=0.26, 0.81), never used insecticide-treated nets (odds ratio=6.36; 95% confidence
interval =4.01, 10.09), and presence of stagnant water in the vicinity (odds ratio=3.24; 95% confidence interval = 1.20, 8.71)
were found to have a significant association with asymptomatic malaria. This study highlighted that pooled prevalence of
asymptomatic malaria is high and varied by population groups. Prevalence of asymptomatic malaria was increased among
those who never used insecticide-treated nets and were living near stagnant water by six and three times, respectively. The
use of more sensitive diagnostic methods could yield a higher burden of the disease. Furthermore, active case detection is
recommended for effective intervention toward elimination.
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In 87 malaria-endemic countries, there were estimated
229 million malaria cases and 409,000 malaria fatalities in
2019. With estimated 215million malaria infections and
384,000 malaria deaths in 2019, the WHO Africa region
accounts for roughly 94% of the worldwide malaria burden.
The WHO African region is home to 27 of the 29 nations that
account for 95% of all malaria cases worldwide. The global
change in malaria cases has not been consistent over the last
two decades, and malaria incidence has been dropping at a
slower rate in recent years, by only 2% between 2015 and
2019, compared to 27% between 2000 and 2015. In Africa,
there were fewer malaria cases in 2019 (204 million) than in
2000, while the malaria case incidence fell from 363 to 225
cases per 1000 people at risk throughout this time, according
to data from both the global and African regions.’

Large-scale interventions that target the vector (i.e.
insecticide-treated nets (ITNs) and indoor residual spraying
(IRS)) and that target the parasite (i.e. Artemisinin-based
Combination Therapy (ACT) have made tremendous success
in reducing malaria incidence and mortality. Because of this
success in lowering malaria incidence and mortality, several
countries now have low or moderate malaria transmission.
Consequently, the desire to consider malaria elimination as
the next malaria control strategy is gaining attention. As a
result, the World Health Organization (WHO)* has devel-
oped a strategic framework for malaria elimination from
2016 to 2030 to reduce malaria morbidity and mortality by
90% and eliminate malaria in 35 countries by 2030.

However, asymptomatic malaria poses a growing threat to
this goal in all malaria-endemic nations. Information on
asymptomatic malaria is critical to improve malaria preva-
lence estimates and to enhance malaria elimination efforts.
Many studies have found that the prevalence of asympto-
matic malaria is greater than that of symptomatic malaria,
particularly when considering the asymptomatic subpatent
infection. Asymptomatic malaria parasitemia, the presence of
asexual parasites in the blood without symptoms of illness,
may result from naturally acquired immunity in endemic
areas due to genetic factors and malaria infection resulting in
low parasite density.'> The lower gametocyte density that
may result from asymptomatic malaria infection can still
result in malaria transmission.®® Therefore, to achieve
malaria elimination, it is critical to understand the epidemiol-
ogy of malaria infection and particularly interrupt the ongo-
ing malaria transmission from the asymptomatic reservoir,
which is even more effective than mass drug administration
in low transmission settings.'3!4

The study conducted so far indicated that the burden of
asymptomatic malaria varies by population group, transmis-
sion setting, and study setup or diagnosis method.!®!518
Because malaria risk mapping is shrinking and malaria inci-
dence and mortality are reducing dramatically, Ethiopia has
planned to eliminate malaria nationwide by 2030."%2 It is
critical to understand the local malaria situation, including the
amount of asymptomatic malaria and associated risk factors,

in order to meet this goal. Although a few small-scale studies
have evaluated the prevalence of asymptomatic malaria
and associated variables, no national-level estimate exists.
Therefore, this systematic review and meta-analysis were
aimed to estimate the pooled prevalence of asymptomatic
malaria and associated factors among different population
groups in Ethiopia.

Determining the pooled prevalence of asymptomatic
malaria infection and associated factors will improve the pre-
cision of estimates and examine the source of heterogeneity if
there is any. Furthermore, it also allows us to gain insight into
different aspects of asymptomatic malaria, which we cannot
get from individual studies. This is particularly important to
understand the burden of asymptomatic malaria in different
parts of the country and specific risk factors to be considered
for targeted intervention. The findings of this study can also
be used better to understand the status of asymptomatic
malaria in Ethiopia and to design national-level initiatives
that take into account the local asymptomatic malaria burden.
In addition, this research will identify gaps in the present lit-
erature to address the issues of asymptomatic malaria in the
context of the country’s malaria elimination target.

Method

Search strategy

This systematic review and meta-analysis were conducted
to assess the prevalence of asymptomatic malaria and asso-
ciated factors in Ethiopia. The existence of similar system-
atic reviews and meta-analyses published on this topic was
checked to prevent repetitions. Both published and unpub-
lished studies were searched thoroughly using electronic
databases such as Medline, HINARI, PubMed, Cochrane
Library, the Web of Science, and Google Scholar using
the key terms “prevalence, magnitude, proportion, malaria,
asymptomatic malaria, Plasmodium falciparum (Pf),
Plasmodium vivax (Pv), associated factors, determinants,
predictors, Ethiopia.” The search was conducted from 1 to
30 April 2021. The meta-analysis was reported using the
Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) guidelines.?!

Selection and eligibility criteria

Inclusion criteria. In this systematic review and meta-analysis,
we included all studies conducted on the prevalence of
asymptomatic malaria in Ethiopia. All of the studies were
original research articles published in English that included
basic information on sample size, diagnostic procedures,
malaria infection prevalence, and status among adults in vari-
ous locations of Ethiopia. Furthermore, studies were con-
ducted in health institutions and community-based settings.
Studies on the general public, pregnant women, and children
were considered in the review. We included cross-sectional
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studies published in the form of journal articles and available
on an institutional repository in the English language. No
restriction was made for the year of publication. Conference
abstracts and non-human studies were excluded. We tried to
contact the primary authors of the articles published only
abstract, and we excluded articles that were not accessible
after contacting the principal investigator two times via email.

Outcome measurement

This study has two main outcomes. The first outcome was to
estimate the prevalence of asymptomatic malaria in Ethiopia.
It was calculated using the metan prevalence standard error
command after generating prevalence and standard error of
prevalence. The asymptomatic malaria was confirmed by
microscopy and/or rapid diagnostic test (RDT) in the pri-
mary studies. The factors associated with asymptomatic
malaria were the study’s second outcome. Data for this out-
come were extracted in a format of two by two tables on the
Microsoft Excel spreadsheet. Then, the log odds ratio (OR)
for each factor was calculated based on the findings of the
original studies. Factors included in this study were resi-
dence (rural/urban), sex (male/female), education (literate/
illiterate), IRS (yes/no), ITN (ever used/never used), and
presence of stagnant water (yes/no).

Quality assessment and data extraction

The Newcastle—Ottawa Scale for cross-sectional studies
quality assessment tool was adapted and used to assess the
quality of the included study.?? Two data extractors extracted
data (A.T. and T.T.) using a standardized data extraction
checklist on Microsoft Excel. Reference management soft-
ware (Endnote version X7.2) was used to combine search
results from databases and initially remove duplicate arti-
cles. Then, studies were screened and excluded by their titles
and abstracts. Full text of the remaining articles was evalu-
ated for eligibility based on the pre-arranged inclusion and
exclusion criteria. For the first outcome (prevalence of
asymptomatic malaria), the data extraction checklist includes
the author name, year of publication, region (an area where
the study was conducted), study design, method of outcome
measurement, sample size, response rate, and the number of
cases with asymptomatic malaria. For the second outcome
(factors associated with asymptomatic malaria), data were
extracted in a format of two by two tables. Then, the log OR
was computed based on the findings of the primary studies.
Discrepancies between two independent reviewers were
resolved by involving another reviewer (B.R.) after discus-
sion for possible consensus.

Data analysis and synthesis

The necessary information was extracted from each origi-
nal study using a format prepared in a Microsoft Excel

spreadsheet. Then, the data were exported to STATA
Windows version 14 for analysis. The prevalence and
standard error of prevalence were generated for each study
using the “generate” command on STATA for the first out-
come variable. Moreover, the logarithm and standard error
of the OR for each included study were generated for the
second outcome. The pooled magnitude of asymptomatic
malaria and associated factors was presented in the form of
a forest plot. The heterogeneity among the included studies
was checked by Cochran’s Q test (reported as the p-value)
and inverse variance index (/?). Cochran’s Q statistical
heterogeneity test is considered statistically significant at
p-value < 0.05. I? values of 0%, 25%, 50%, and 75% were
considered no, low, moderate, and high degrees of hetero-
geneity, respectively.”> Due to a high degree of heterogene-
ity, a random-effects model was performed to estimate the
pooled prevalence of asymptomatic malaria. Potential dif-
ferences between the studies were explored by subgroup
analysis using categorical data. A meta-regression was per-
formed using sample size and year of publication. A funnel
plot was used to check the presence of publication bias.
Furthermore, Egger’s statistical test was used to check the
statistical significance of publication bias. Fill and trim anal-
ysis was used to adjust for the observed publication bias.

Results

Study selection

Eleven thousand three hundred sixty-five published and four
unpublished articles were identified from several electronic
databases and Addis Ababa digital library, respectively. Of
the identified studies, 11,330 because of the irrelevant title,
15 due to duplication, and 2 articles with no manuscript were
excluded. On further screening of the abstract, two articles
were excluded for they did not have necessary data in the
form of two by two tables. The full text of the remaining 16
studies was assessed and screened for eligibility. Accordingly,
two studies were excluded because they did not study factors
associated with asymptomatic malaria. Finally, 14 articles
that fulfilled the eligibility criteria were included in the final
analysis. We used the PRISMA flow diagram to present the
study selection process (Figure 1).

Features of included studies

From the total of 14 studies included in this review, 13 were
published articles, while one was preprint from the research
square and all used a cross-sectional study design. Three
studies were conducted on children, five were conducted on
pregnant women, and six were conducted on the general
public. The total number of people who took part in the
investigations was 5924, with the smallest sample size of
230 in Southern Nations, Nationalities, and Peoples’ Region
(SNNPR)* and the largest sample size of 1094 in Oromia.>
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Figure |. PRISMA flow diagram: prevalence of asymptomatic malaria and associated factors in Ethiopia, systematic review and

meta-analysis, 2021.

The age group used for analysis was not consistent across the
studies. Of the 14 studies included in the final analysis, 7
were conducted in Amhara Region,?*32 4 in SNNPR, 2433735 2
in Oromia,?*=¢ and 1 in Benishangul-Gumuz.?” Fifty percent
of the studies were community-based.?’2%-3233:3536 The out-
come measure was only RDT for two studies,””*’ only
microscope for five studies,?*?%2%31:35 and both microscopy
and RDT for seven studies.?>26:3032-3436 The studies done by
microscopy have identified the species, while two of the
RDT result did not (Table 1).

Description of study sites and study period

Areas included in the studies were considered due to their
malaria distribution. Accordingly, five studies were con-
ducted during the major malaria transmission season
(September to November).2>2837 There were three studies in
the minor malaria transmission season (April to May).>*33

The rest six studies did not follow these transmission
patterns.2+2°73236 Except for one?® where malaria is endemic,
malaria is seasonal and unstable in the rest areas.

Prevalence of asymptomatic malaria

In this meta-analysis, we found significant heterogeneity across
studies (2=91.2%, p-value < 0.000), which is an indicator
to use the random-effects model to estimate the pooled prev-
alence of asymptomatic malaria in the population under
study in different settings. The findings of the original study,
that included different group of population, indicate there is
an inconsistent and inconclusive prevalence of asympto-
matic malaria in Ethiopia. From the forest plot, the highest
prevalence was observed in a study conducted on the general
population in West Armachiho, Amhara Region 18.44 (95%
confidence interval (CI)=14.57, 22.32),2® while the lowest
prevalence was observed in a study conducted on children in



5
Tamiru et al.

34 : 2 ,
Gofa, SNNPR 1.18 (95% CI=0.15, 2.22)°* (Figure 2)
Gamo s

i result. This prevalence was quite dif-
by taking microscopy It, where the highest prevalence
g o ferent when using RDT rls/i'u ’h Zuria, SNNPR 9.68 (95%
28 < =o& : inc ) .
g g NRRR%S ZeRaNz9f was observed 111331’\r1t1).a1 the lowest prevalence remains the
g 16— oo™ ile the 0
&% e Neooo CI=6.54, 12.82)" w f microscopy, a study conducted on
< onN~N ® same study with that o mNPRz 61 (95% CI=1.09,4.13)
o .
Blg|om & = a children in Gamo Gofa, SN alence (by microscopy) of
i No gy (Figure 3). The pooled prev9 95% CI=4.31, 8.27), Pf
© N — o NN T ~ atic malaria was 6.2 ( £ Py was 2.00
2| & N — asymptom 95% CI=2.46, 5.21), and that of Pv
o 4 A =2.46, 5.
5| 8 z2IemTeST was 3.84 ( Figures 4 and 5). :
2 S | nwoea — © (95% Cl= 136, 265) ( g ted to see underlylng sources
< - . - .
CIEE Meta-regression was Comi)u ize and year of publication,
: 1 € S1Z
2 @ of heterogeneity using samp istically significant presence
2 N YVoooo © S in howed a statistica y
2, 88888y ©8888x8u but none of them s
2§ |2Es88% ity (Table 2). .
= " e o potentil heterogencity, subgroun
e B8R TB¥RI2SY Moreover, to minimize pod the type of population and
o N — — < 2
0 - S By . based on
‘;’% g L8033 oo analySIS was Condu(:te(;. s were conducted. The SUbgrouP
. 288238888288 . studie ic
S & 888 EEEEEE g setting where the ighest prevalence of asymptomat
9 998 ugg.,,mmv-o dthehlgesp . 8.57
8 2 B 2 § 3 38 8838 eee g 5] analySIS indicate in the general populatlon N
2 566 2999
| g2 i 5g2gs ¢ Trrrrss laria in the study done in revalence was
g' g g Txrrza = ma‘a Cl=4.67 1248) while the lowest p n6.13
e 95% CI=4.67, 12. regnant women 6.
& 33 FEEE i E)bserved in a study conducted ?InTol?g pbffroup analysis also
% 3 §EEE 8 igure 6). The su
c e’ 20005 g5Og _ Fioure .
- 32izgy 1% 258828 (95% CI1=3.85, 8.41) ( % inconsistent prevalence between
7 £ 888 ‘c'ccc 2 Q
- Hiss g ERE 8 revealed the presence o highest prevalence was observed
Q J > 28 =
8| w sgEE2zzr EEEE $e85| & ttings, whereby the hig =5.12, 12.06)
o SEEZEE SSSSEESE| & study settings, 9 (95% CI=5.12,
o | & $009Y £ OO0O0O0CLL ] itv-based StUdy 8.5 (
2| 8 EO00LE gﬂ in community- ol
(v} . . .
‘O - 5 5 AS AS c % (Flgure 7) f publication blas’ a gl‘aphlca
o K] ST 5% S8 9 o the presence o p R 1 were
a| . 5§ E§ ESEz 3383 To see for the p ’s test at a 5% significance level w
2 5§ 2 $83g ggs| ¢ d Egger’s te indicates
o |3 o a9 2939 99 O funnel plot an g ic funnel plOt indic
c | = 2 9 3 un-._,_c_ﬁ,; 5 u R Th mmetric fu
2 = [ . € asy o P
=| £ i 3 g;g 58 §° f computed (Figure 881' tion bias. In addition, Egger’s teS;
5|2 P52 522 piPsEsiE| T ica : :
£ |z P3gfzz ¢ RE-SURRVRCE:: 2 the presence of pu istically significant presence o
[} 3 <0V0aOU ) statistica y
Ela * < showed there was a 1
5 $ £2 g 2 ublication bias (p-value=0.001). ed publication bias in
£ 8. g NEy 8o N 2 P To reduce and adjust for the observ erformed for estic
=R = 55w 0 @ ] . S >
g, §2n ¥ 5 $£49 £gl the studies, the trim and fill ana.l}'SISth.eI; that might exist.
E| £ m'gé%u—c“,“'m"'ﬁ'fog”gf g . ’ rofl’IliSSlngSul : _
z| s TELS £%5E 22885283 2 mation of the number nparametric method for estimat
‘g a 2008800 g Trim and fill analysis is ane Ii dies that might exist and it
5 ®sEEsEEEE | 2 . f missing stu .. oa ] a-
g SEEEEE EEEEEEEZ| 3 ing the number o d adjusting publication bias in met
: & i i i frEgigy : helps In reducing an 11a J1 is, seven studies were imputed
S| & 800000 S8 283888 9 K . fanays, R .
o |3 R R R R TR EEEEE K In trim and fi lication bias,
o |3 A A 229229294 <} nalyslS- n . tforpublca
a9 9999 2 Poo000| 2 a R ustmen ¢ :
E‘ -S\ 56656 oQo9Q0 o2 0654866 c 1 Sing studies and after ad-] atic malaria
v |3 00606060 0G0 : for mis d pooled prevalence of asymptom
ol ] the estimated p Fi 9)
- igure 9).
2 3 3 95% C1=1.25, 5.58) (Fig test the
; 341 done to
o 2 gefex s | o was 5. . f the studies were do .
bt gcegepegs N E s Eeaa g s o t it analyses 0 f emaining
S| - ;;:Egﬂez;oﬁz§gz Z Sensitivity dy on the pooled result of r
= ju .
o |2 g E 2823852024604 g effect of a single study Off ct model. We found no strong
o x . - . . .
g £ studies using a random-e ef individual study on remaining
o .
. nce o
8 8 o mow®monwao | £ evidence for the influe
g% o~ mo S29s53s3 | 3 . . 10).
I|535 |333%%% 55885853 : studies (Figure 10)
=] = .
E & s | & ith asymptomatic malaria in
Z = 2888, 8% % i j
S B BREA AR Factors associated w
> LT 0T TS ";._,uu“uﬁ S ..
S Tsisss sogoefas| & Ethiopia 1<27.29.31,3435
= ﬁ“’xc:'o N;aﬁa’gg [ . five studies™”
Els $E25E grid 8859 % tomatic malaria. There were ind
3| % 33 sEs% 22322283 3 Sex and asympto for an association between sex oo
2 e P ess .
=" g identified 1o ass laria infection of which only one study
& i ar
K} 5 weme | = asymptomatic ma
Q= -g Noo2ZT22X &
< 55 — N ™M ¥ o
&2



SAGE Open Medicine

Year
of data

Author collection

Feleke etal. 2019
Minwuyelet et a2019
Tilahunetal 2019
Worku etal 2013
Nega et al 2013
Aschale etal 2016
Subussa et al 2018
Melese etal 2019
Abossie etal 2017
Alemuetal 2015
Golassa etal 2012
Solomon etal 2019
Overall (I-squared =90.5%, p = 0.000)

NOTE: Weights are from random effects analysis
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6.75 (4.25, 9.26)
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3.91 (1.41,6.42)
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8.89
9.29
8.38
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Figure 2. Forest plot of prevalence of asymptomatic malaria by microscopy in Ethiopia, systematic review and meta-analysis, 2021.

Year
of data

Author collection

Feleke etal. 2019
Fekadu etal. 2017
Tilahun etal 2019
Ahmed, etal 2019
Nega et al 2013
Subussa etal 2018
Melese etal 2019
Abossie etal 2017
Golassaetal 2012
Overall (I-squared = 82.4%, p = 0.000)

NOTE: Weights are from random effects analysis
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3.42 (1.22, 5.62)
6.73 (5.03, 8.43)
5.14 (2.76, 7.51)
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8.23 (6.60, 9.85)
5.07 (3.50, 6.65)
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11.86
10.48
11.23
8.90
11.26
11.22
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12.00
100.00

Figure 3. Forest plot of prevalence of asymptomatic malaria by RDT in Ethiopia, systematic review and meta-analysis, 2021.
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Year of

data %
Author collection Effect (95% ClI) Weight
Feleke et al. 2019 —_— 3.42 (1.22, 5.62) 6.85
Fekadu et al. 2017 3—0— 5.53 (3.98, 7.08) 7.50
Minwuyelet et al 2019 —0—3 1.99 (0.26, 3.72) 7.33
Tilahun et al 2019 —_—— 5.74 (3.23, 8.25) 6.50
Worku et al 2013 —%—0— 5.19 (2.98, 7.41) 6.82
Ahmed, et al 2019 + 3.37 (1.50, 5.25) 7.19
Nega et al 2013 —_— 5.57 (3.14, 8.01) 6.58
Aschale et al 2016 3 —— 16.62(12.90, 20.34) 5.17
Subussa et al 2018 —_— 3 1.73 (0.36, 3.11) 7.66
Melese et al 2019 —_——— 2.59 (0.70, 4.49) 7.16
Abossie et al 2017 1+ 3 0.24 (-0.23, 0.70) 8.21
Alemu et al 2015 —_— 3 1.91 (0.60, 3.23) 7.7
Golassa et al 2012 — 2.93 (1.983, 3.92) 7.94
Solomon et al 2019 [—e—— 3 1.74 (0.05, 3.43) 7.37
Overall, DL (F = 92.1%, p = 0.0q0) O 3.84 (2.46,5.21)  100.00

T T T
01 5 10

NOTE: Weights are from random-effects model

Figure 4. Forest plot of prevalence of asymptomatic malaria due to Plasmodium falciparum by microscope in Ethiopia, systematic review
and meta-analysis, 2021.

Year of %
Author publication Effect (95% CI) Weight
Feleke et al. 2020 —:'0— 2.28 (0.48, 4.09) 5.99
Fekadu et al. 2017 —*—3 1.20 (0.46, 1.94) 9.78
Minwuyelet et al 2020 i 9.96 (6.26, 13.66) 2.40
Tilahun et al 2020 —%—’— 3.32 (1.39, 5.25) 5.62
Worku et al 2014 —*—%— 1.56 (0.32, 2.80) 7.96
Ahmed, et al 2021 T 3 0.56 (-0.21, 1.34) 9.66
Nega et al 2013 —_— 3.52(1.56,5.47) 5.54
Aschale et al 2018 + 1.82 (0.48, 3.15) 7.60
Subussa et al 2021 —-,»— 2.02 (0.54,3.51)  7.06
Melese et al 2019 —%—’— 2.59 (0.70, 4.49) 572
Abossie et al 2017 T : 0.47 (-0.18, 1.13) 10.06
Alemu et al 2017 —— 2.15(0.76, 3.54) 7.39
Golassa et al 2015 + 2.01(1.18, 2.84) 9.47
Solomon et al 2020 —f’— 2.17 (0.29, 4.06) 5.75
Overall, DL (* = 73.2%, p = 0.00p) <> 2.00 (1.36, 2.65) 100.00

T T T

NOTE: Weights are from random-effects model

Figure 5. Forest plot of prevalence of asymptomatic malaria due to Plasmodium vivax by microscope in Ethiopia, systematic review and
meta-analysis, 2021.
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Table 2. Meta-regression using sample size and year of publication to observe related heterogeneity on the prevalence of symptomatic

malaria in Ethiopia, 2021.

500.031 pt Coefficients p-value
Publication year 0.6348 0.796
Sample size 0.0072 0.633
Year
of data %
Author collection ES (95% ClI) Weight
T

Pregnant women .

Feleke et al. 2019 — 5.70 (2.90, 8.51) 8.11

Tilahun et al 2019 —L 4.53 (2.29, 6.77) 8.61

Nega et al 2013 —— 9.09 (6.04, 12.14) 7.87

Subussa etal 2018 —— 3.76 (1.75,5.76)  8.80

Solomon etal 2019 —— 3.91(1.41,6.42) 8.38

Subtotal (I-squared = 57.9%, p = 0.050) < 5.19(3.48,6.90) 41.77

General population |

Minwuyelet et al2019 | —— 11.95 (7.94, 15.97) 6.93

Aschale etal 2016 | —_— 18.44 (14.57, 22.32)7.06

Melese et al 2019 — 5.19(2.54,7.83) 8.25

Alemuetal 2015 —— 4.07 (2.17,5.96) 8.89

Golassa etal 2012 - 5.03 (3.73, 6.32) 9.29

Subtotal (I-squared = 92.7%, p = 0.000) O 8.57 (4.67, 12.48) 40.43

Children

Worku et al 2013 —=— 6.75 (4.25, 9.26) 8.38

Abossie etal 2017 - 1.18 (0.15, 2.22) 9.43

Subtotal (I-squared = 93.8%, p = 0.000)  — 3.85 (-1.60, 9.30) 17.81

Overall (I-squared = 90.5%, p = 0.000) <> 6.29 (4.31,8.27)  100.00

NOTE: Weights are from random effects analysis !

I I
0 10 30

Figure 6. Subgroup analysis of prevalence of asymptomatic malaria by population group in Ethiopia, systematic review and meta-

analysis, 2021.

identified a significant association (OR=5.63; 95% CI=2.80,
11.31). The pooled result identified no significant associa-
tion between sex and asymptomatic malaria infection
(OR=1.38; 95% CI=0.56, 3.38). For this finding, random-
effect model was used as heterogeneity was observed
(?=82.3%, p-value=0.00) (Figure 11).

Education level and asymptomatic malaria. Seven studies were
selected to assess the association between educational level
and asymptomatic malaria infection.2628313335 A random-
effect model was used for this analysis as there is hetero-
geneity (12780.6%, p-value=0.009). However, two studies

indicated there was a significant association between educa-
tional level and asymptomatic malaria infection,?®* the
pooled analysis revealed that there is no significant associa-
tion between educational level and asymptomatic malaria
infection (OR=0.77; 95% CI=0.38, 1.54) (Figure 12).

IRS service and asymptomatic malaria. There were seven stud-
ies selected to assess the association between IRS service
and asymptomatic malaria.26-?7:2932.33,3637 Three studies®”->*37
showed no statistically significant association while four
studies, 6323336 indicated statistically significant association.
The pooled analysis indicated a significant association
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Year of
Author publication
Facility based
Daniel G, et al. 2020
Adane T, et al 2020

Ligabaw W, et al. 2014
Ashenafi A, et al. 2017
Getaneh A, et al. 2017
Absra S, et al. 2020
Subtotal (I-squared = 87.6%, p = 0.000)

Community based

Awoke M, et al. 2020

Desalegn N, etal. 2013

Yibeltal A, et al. 2018

Bereket W, et al. 2021

Yimer M, et al. 2019

Lemu G, etal. 2015

Subtotal (I-squared =91.5%, p = 0.000)

Overall (l-squared = 91.2%, p = 0.000)

NOTE: Weights are from random effects analysis

ES (95% Cl) Weight
|
— 5.70 (2.90, 8.51) 8.19
—— 0.06 (5.97,12.16)  7.94
—:o— 6.75 (4.25, 9.26) 8.44
- ; 1.18 (0.15, 2.22) 0.38
—— 4.07 (2.17, 5.96) 8.90
—o—i 3.91 (141, 6.42) 8.44
4.93 (2.50, 7.37) 51.29

—— 3.76 (1.75, 5.76) 8.82
—— 5.19 (2.54, 7.83) 8.33
- 5.03 (3.73, 6.32) 9.26

%

11.95 (7.94, 15.97) 7.10
9.09 (6.04, 12.14) 7.98
——— 18.44 (14.57,22.32) 7.23

8.59 (5.12, 12.06) 48.71

6.70 (4.60, 8.79) 100.00

Figure 7. Subgroup analysis of prevalence of asymptomatic malaria by study setting in Ethiopia, systematic review and meta-analysis, 2021.
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Figure 8. Funnel plot indicating presence of publication bias,
prevalence of asymptomatic malaria by microscopy in Ethiopia,
systematic review and meta-analysis, 2021.

between IRS service and asymptomatic malaria infection.
Utilization of IRS decreases the odds of infecting with
asymptomatic malaria by 54% as than their counterparts

(OR=0.46; 95% CI=0.26, 0.81). For this finding, random-
effect model was used as heterogeneity was observed
(*=64.6%, p-value=0.009) (Figure 13).

ITN utilization and asymptomatic malaria. Nine studies were
selected to assess the association between ITN utilization and
asymptomatic malaria infection.262%31333537 Al selected
studies revealed the presence of a statistically significant
association between ITN utilization and asymptomatic
malaria infection. The pooled finding also indicated that there
is a statistically significant association between ITN utiliza-
tion and asymptomatic malaria infection. The odds of infect-
ing with asymptomatic malaria were 6.36 times higher among
the population who had not used ITN as compared to those
who had used ITN (OR=6.36; 95% CI=4.01, 10.09). For this
finding, random-effect model was used as heterogeneity was
observed (2=51.0%, p-value=0.038) (Figure 14).

Presence of stagnant water and asymptomatic malaria. One of
the four studies?’3!3637 selected to assess the association
between presence of stagnant water and asymptomatic
malaria infection indicated there is no statistically significant
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Figure 9. Filled funnel plot, prevalence of asymptomatic malaria by microscopy in Ethiopia, systematic review and meta-analysis, 2021.
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Figure 10. Sensitivity analysis, prevalence of asymptomatic malaria by microscopy in Ethiopia, systematic review and meta-analysis, 2021.

association with OR=0.49 (95% CI=0.11, 2.14).3' The
pooled analysis indicated that there is a statistically signifi-
cant association between the presence of stagnant water
nearby the home and asymptomatic malaria. The odds of
developing asymptomatic malaria infection were 3.24 times
higher among the population residing near stagnant water
than their counterparts (OR=3.24; 95% CI=1.20, 8.71). For
this finding, random-effect model was used as heterogeneity
was observed (I*=67.9%, p-value=0.025) (Figure 15).

Place of residency and asymptomatic malaria infection. There
were three studies selected to assess the association
between place of residency and asymptomatic malaria
infection.3'%3¢ Only one study showed a statistically sig-
nificant association.’> The pooled result indicated there is
no statistically significant association between place of
residency (OR=1.38; 95% CI=0.52, 3.67). For this finding,
random-effect model was used as heterogeneity was
observed (12=66.9%, p-value=0.049) (Figure 16).
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Figure 1 1. Association between asymptomatic malaria and sex in Ethiopia, systematic review and meta-analysis, 2021.

Figure 12. Association between asymptomatic malaria and educational level in Ethiopia, systematic review and meta-analysis, 2021.

Study %

ID OR (95% CI) Weight
male female

Mesafint F, et al. ——+—) 5.63(2.80, 11.3121.38

Awoke M, et al. —0;— 1.00 (0.47, 2.15) 20.84

Ligabaw W, et al. ——;—0— 2.02 (0.91, 4.49) 20.55

Ashenafi A —0-—2— 0.85 (0.30, 2.37) 18.53

Getane Alemu —_—

i 0.42 (0.15, 1.15) 18.69

Overall (l-squared = 82.3%, p = 0.000)<:> 1.38 (0.56, 3.38) 100.00

NOTE: Weights are from random effects analysis

Study %
D . . OR (95% Cl)  Weight
Litrate lllitrate

Feleke et al. — 0.61(0.19, 2.01) 12.00
Fekadu et al R 1.37 (0.79, 2.38) 16.47
Yimer et al —i—‘— 0.96 (0.48, 1.94) 15.48
LigabawWorku et al I e c—— 2.61(0.96, 7.07) 13.37
Desalegn Nega _ 0.39 (0.17, 0.89) 14.72
Yibeltal Aschale H‘— \ 0.18 (0.09, 0.36) 15.64
Getaneh Alemu —t 1.19 (0.38, 3.73) 12.33
Overall (I-squared = 80.6%, p = 0.000)€> 0.77 (0.38, 1.54) 100.00
NOTE: Weights are from random effects analys:is

! T
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Study %

ID YeS NO OR (95% Cl) Weight
1

Feleke et al. B ——— 0.29 (0.09, 0.94) 11.75
i

Fekadu et al | —-_T—— 1.43 (0.82, 2.49) 19.27

Minwuyelet et al _— 0.47 (0.21, 1.08) 15.74
i

Yimer et al —_— 0.35(0.17, 0.71) 17.24
i

Alietal —_— 0.26 (0.08, 0.80) 12.06
'

Abdulmuneim Ahmed € - 0.35 (0.07, 1.69) 8.41
i

Desalegn Nega —_— 0.39 (0.17,0.91) 15.54

Overall (I-squared = 64.6%, p = o.oog)<> 0.46 (0.26, 0.81) 100.00

|
NOTE: Weights are from random effects anal:ysis

Figure 13. Association between asymptomatic malaria and indoor residual spray in Ethiopia, systematic review and meta-analysis, 2021.

Study %
ID Ever Never OR (95% Cl) Weight
Feleke et al. —*I— 5.52(1.88,16.20) 10.49
Fekadu et al —I+— 6.63 (3.78, 11.63) 17.98
Minwuyelet et al E—*— 16.08 (6.70, 38.61) 13.01
i
Ali et al E—‘H 30.92 (6.66, 143.49) 6.60
LigabawWorku et al —05— 5.66 (1.31,24.34) 7.09
Abdulmuneim Ahmed —‘E— 5.76 (1.58,21.04) 8.36
Desalegn Nega —+—i 3.08 (1.43, 6.67) 14.54
Yibeltal Aschale — 3.35(1.88, 5.97) 17.68

Getaneh Alemu 9.74 (1.28,74.20) 4.26

Overall (I-squared = 51.0%, p = 0.038) <> 6.36 (4.01,10.09)  100.00

NOTE: Weights are from random effects analysi

Figure 14. Association between asymptomatic malaria and insecticide-treated net utilization in Ethiopia, systematic review and
meta-analysis, 2021.
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Study %
D No Stagnant Stagnant oreswcy  weign
T
'
.
Fekadu et al (2018) —— 4.91(2.46,9.79) 31.99
.
'
!
Alietal (2021) —— 7.21(1.95, 26.70) 22.78
LigabawWorku et al (2014) g 0.49 (0.11,2.14)  20.61

Abdulmuneim Ahmed (2021) —_— 4.34 (1.33, 14.13) 24.62

Overall (I-squared = 67.9%, p = 0.025) 3.24 (1.20,8.71)  100.00

NOTE: Weights are from random effects analysis

Figure 15. Association between asymptomatic malaria and presence of stagnant water in Ethiopia, systematic review and meta-analysis, 2021.

Study %

D OR (95% Cl) Weight

Urban Rural

Alietal > 0.62 (0.20, 1.94) 29.77

LigabawWorku et al 1.10 (0.45,2.71) 35.18

,
:
Yimer et al :—’H 3.42(1.38,8.44) 35.04
|
\
\
\
1
0
\
1
:
e
|
\
|

1.38 (0.52, 3.67) 100.00

Overall (I-squared = 66.9%, p = 0.049) <

NOTE: Weights are from random effects analysis

Figure 16. Association between asymptomatic malaria and residence place in Ethiopia, systematic review and meta-analysis, 2021.
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Discussion

Despite the declining pattern of the prevalence of malaria
in Ethiopia, the disease is still becoming one of the major
public health problems.*® The increasing trends of the
asymptomatic nature of the disease are highly influencing
and challenging to the elimination plan of malaria at the
intended time as of the globe in general and in Ethiopia as
well 41319:3940 Thig review and meta-analysis was the first of
its kind targeting asymptomatic malaria in Ethiopia. There
are a relatively small number of available and eligible stud-
ies for review, especially when compared to several eligible
studies conducted in developed countries. Those available
studies were vacillating to uncover the complete prevalence
and the associated factors. Thus, this study was mainly
intended to find out the pooled prevalence of asymptomatic
malaria and its associated factors in Ethiopia. Asymptomatic
malaria infection plays a key role in the transmission of
malaria, and the intervention to target this parasite reservoir
may be needed to achieve malaria elimination in both low-
and high-transmission areas.®

In this systematic review and meta-analysis, the pooled
prevalence of asymptomatic malaria as examined by micros-
copy and RDT was found to be 6.29% (95% CI1=4.31, 8.27)
and 5.07% (95% CI=3.50, 6.65), respectively. This is about
13 times for microscopy and 4 times for RDT more than that
of the 2015 malaria indicator survey.*' The subgroup analy-
sis of this study revealed that the prevalence in the general
population, pregnant women, and children was 8.57%,
6.13%, and 6.70%, respectively. The findings, when com-
pared to the prevalence of asymptomatic malaria among
pregnant women as a global which was 10.8%,'" were rela-
tively lower. Another finding from Ethiopia was also reported
as the pooled prevalence of asymptomatic malaria 11.99%.4?
The difference could be because of the variation in the study
size, diagnostic approach, and the difference in endemicity
class. The study was conducted in a malarious endemic area
where the residents experienced hyperendemic malaria
transmission. Again, it was conducted during a major malaria
transmission period in Ethiopia.?® Other studies used RDT as
a diagnostic method that could increase the prevalence.?’ For
instance, the global prevalence reported included all studies
from all over the globe, and the greatest share among the
reported from subgroup analysis prevalence was covered by
Nigeria, one of the malarious countries in Africa and as the
world in general.'?

The pooled prevalence of the present findings was also
lower than the findings from pocket studies of different
African countries (Kenya and Burkina Faso) and Ethiopia.?”*
However, the difference could be due to the population group
whereby the study in Kenya and Burkina Faso were con-
ducted among under-five children and testing method used
which was RDT in case of the studies conducted in Ethiopia.
The unprecedented investment in antimalarial preventive
(LLINS/IRS) interventions and improvement in diagnostic

capacity has led to marked reduction of malaria morbidity.
Moreover, the evidence is supported by the overall health
sector development, particularly the health extension pro-
gram that strengthened the primary health care unit.'>"
Above all, the Ethiopian government’s determination to
implement a malaria elimination plan could contribute to a
dramatic reduction in malaria prevalence through a variety
of techniques, which include providing technical and mate-
rial assistance to regions across the country, coordinating
overall regional capacity building in manpower, logistics,
and finance, and strong monitoring and evaluation.*

When compared to research conducted at the global or
Africa level, this study contained fewer studies due to the
restricted sources of the study’s field, namely, asymptomatic
malaria. However, there is no guarantee that the findings are
comparable as the parasite prevalence surveys are often
opportunistic, prone to observer bias, non-standardized, and
could be affected by a multitude of factors including the age
structure of the sample, the timing of sampling with local
malaria transmission seasons, and the methodology applied
to parasite detection.'>*

The authors of this systematic review and meta-analysis
would want to judge the decreased pooled prevalence in this
scenario with utmost circumspection when compared to
other empirical studies. The prevalence of asymptomatic
malaria reported by small-scale studies so far in Ethiopia
surprisingly ranges from 1.18% to 18.44% which could not
be ruled out for the possible presence of different factors
mentioned above. Again, we were shilly-shally to conclude
the burden of malaria in practice would fit the pooled preva-
lence reported in this study. This could be because RDT and
microscopy-based diagnoses are prone to underestimate
the prevalence of asymptomatic malaria. Apart from this,
asymptomatic malaria was also defined differently in differ-
ent articles.*3#

In this systematic and meta-analysis, sex, educational
status, and residence of the individuals were not found to
be significantly associated with asymptomatic malaria in
Ethiopia. This finding was incongruent with other empirical
studies,!>?8314546 byt agreed with small-scale studies in
Ghana and Tanzania.*’*® The difference could be related to
the age structure of the sample, methodology (study area,
sample size and diagnostic approach), and timing of the
sample with the local malarial transmission seasons.'> The
distribution of malaria in Ethiopia is varying based on alti-
tude due to its direct effect on temperature and it reaches its
peak bi-annually.*® Furthermore, the authors could not found
similar studies done using a comprehensive approach to
compare and contrast the identified associated factors. Kim
A Lindblade et al.® suggested that the level of immunity of
the individuals to infection, co-infection with soil-transmit-
ted helminths, and the method used to diagnose the infection
are the main associated factors.

On the other side, IRS in the last 12 months reduced the
odds of asymptomatic malaria by about 54% (OR=0.46;
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95% CI=0.26, 0.81) than their counterparts. Moreover,
never using ITN and the presence of stagnant water nearby
houses are among the independent predictors of asympto-
matic malaria in Ethiopia. This finding agrees with other
literature. This is because these methods use as a preven-
tive method by creating physical barriers, repelling or killing
the mosquitoes that have the potential to persist for some
other times without needing to be re-treat with insecticide.*’

Limitations

There was an exhaustive literature search conducted for
both published and unpublished studies and the quality of
each study was assessed using the Newcastle—Ottawa Scale
for cross-sectional studies quality assessment tool. This
will contribute to the quality of the review to produce con-
clusive findings. The results from this study are important
for the country striving for nationwide malaria elimination
by 2030. However, one should use the findings with cau-
tion due to some limitations of this review. First, the diag-
nostic tests used in the studies, microscopy and RDT, are
limited in detecting all asymptomatic malaria infections.
This might pose a wrong conclusion in generalizing the
reduced pooled prevalence reported in this study. Second,
most of the studies were conducted at the facility level
which is not the ideal setting for assessing asymptomatic
malaria.

Conclusion

In conclusion, this study highlighted that pooled prevalence
of asymptomatic malaria is high and varied by population
groups. Prevalence of asymptomatic malaria was increased
among those who never used ITNs and were living near
stagnant water by six and three times, respectively. We rec-
ommend improved use of I'TNs and environmental manage-
ment. The use of more sensitive diagnostic methods could
yield a higher burden of the disease. A study that considers
factors on the actual causal pathway is required to generate
more informative factors. Furthermore, active case detec-
tion is recommended for effective intervention toward the
elimination.
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