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SORT IT SUPPLEMENT: POST-EBOLA RECOVERY IN WEST AFRICA

Management of malaria in children with fever in rural
Sierra Leone in relation to the 2014-2015 Ebola outbreak
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Setting: Sixty-eight primary health facilities, Koinadugu
District, rural Sierra Leone.

Obijectives: Sierra Leone, a country with one of the high-
est burdens of malaria, was severely affected by the
2014-2015 Ebola virus disease outbreak. In under-five
children, we compared trends in the completeness of
malaria reports sent to the district office during the
pre-Ebola, Ebola and post-Ebola periods, including the
number of children with reported fever, malaria diagnos-
tic testing performed and treatment for malaria initiated
with artemisinin-based combination therapy (ACT).
Design: A cross-sectional study.

Results: Of 1904 expected malaria reports, 1289 (68%)
were received. Completeness of reporting was 61%
pre-Ebola, increased to 88% during the outbreak and
dropped to 44% post-Ebola (P = 0.003). Total malaria
testing (n = 105 558) exceeded the number of fever cases
(n=105320). Pre-Ebola, 75% (n =43 245) of all reported
fever cases received malaria treatment, dropping to 34%
(n = 50453) during the Ebola outbreak. Of 36804 con-
firmed malaria cases during Ebola, 17438 (47%) were
treated, significantly fewer than in the pre-Ebola period
(96%, P < 0.001). Of the fever cases, 95% in both the
pre- and post-Ebola periods received ACT, a rate that in-
creased to 99% during the Ebola outbreak.

Conclusion: Pre-existing gaps in malaria reporting wors-
ened after the Ebola outbreak. Reassuringly, malaria test-
ing matched fever cases, although only half of all con-
firmed cases received treatment during the outbreak,
possibly explained by outbreak-related operational diffi-
culties. These findings could be useful to guide health
systems strengthening and recovery.

In 2015, there were an estimated 214 million new
cases of malaria worldwide, with 438 000 malaria-re-
lated deaths, 90% of which occurred in Africa.! Chil-
dren in Africa are particularly susceptible to malaria
infection and mortality, with 95% of global deaths
among children aged <S5 years (292000/306000) oc-
curring in this region.! Sierra Leone is one of the
countries with the highest malaria burdens in the
world, with 1.3 million malaria cases reported in
20151

In the 2014-2015 Ebola outbreak in West Africa, Si-
erra Leone was one of the worst affected countries,
with almost half (n = 14122) of all reported cases and
3955 deaths.z Prior to the outbreak, the country was
emerging from over a decade of civil war that had de-

pleted the health system and caused serious health
worker shortages. With 50000 patients per physician
(compared to approximately 300 patients/physician in
France), Sierra Leone has one of the highest pa-
tient-to-physician ratios in the world.® These underly-
ing health system challenges were aggravated by the
sustained Ebola outbreak,” as several health facilities
shut down due to fear of Ebola virus disease (EVD)
among health care workers (HCWs): over 300 HCWs
were infected and there were 220 Ebola-related health
worker deaths.58 Community fears of contracting Eb-
ola at health facilities and strict community quaran-
tines may also have hindered access to care.*

Few studies have assessed the effects of the Ebola
outbreak on the health system in West Africa. One
study from Sierra Leone showed a drop in surgical in-
terventions during the outbreak,” while others re-
vealed gaps in the utilisation of maternal health ser-
vices,10 a decline in malaria consultations!! and
deterioration in the quality of human immunodefi-
ciency virus/acquired immune-deficiency syndrome
(HIV/AIDS) care.12

The effect of the Ebola outbreak is particularly rele-
vant to malaria control, as both malaria and EVD
present with fever, and malaria-related case manage-
ment is largely dependent on functional and accessi-
ble health facilities.!? World Health Organization
(WHO) and national malaria management guidelines
stipulate that all children with fever should be offered
malaria diagnostic testing (a rapid diagnostic test
[RDT] or laboratory-based microscopy) prior to being
placed on artemisinin-based combination therapies
(ACTs).13.14 We hypothesised that the Ebola outbreak
may have influenced the completeness of malaria re-
porting, health facility attendance for fever, the use of
malaria diagnostic tests and administration of ACTs.
A Medline search revealed no publications that had
assessed these parameters in relation to the pre-Ebola,
Ebola and post-Ebola disease outbreak periods in West
Africa. Such information may guide future malaria
control strategies and assist in post-Ebola recovery
efforts.

At the primary health-care level in the rural district
of Koinadugu in Sierra Leone, among children aged
<S5 years, we compared trends in 1) the completeness
of malaria reports sent to the district information of-
fice, 2) the number of reported fever cases and malaria
tests performed and 3) the number of patients treated
for malaria with ACT within 24 h of fever onset be-
fore, during and after the Ebola outbreak.
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TABLE 1 The tiered structure and function of health facilities in Sierra Leone, 2015

Level Health facility type Services offered Malaria diagnostics available

1 MCHP Antenatal care services, community outreach, RDT
uncomplicated deliveries, postnatal follow-up

2 CHP Basic medical, obstetric and neonatal care RDT

3 CHC Emergency obstetric and neonatal care, general RDT, microscopy*
medical care, 5-10 bed capacity for
admission

4 District (secondary) hospital ~ Highest level of care at district level, including RDT, microscopy
medical, surgical, obstetric and paediatric
care

5 Tertiary hospital Most advanced level of care (at least one per RDT, microscopy

region)

*In some CHCs.

MCHP = maternal and child health post; RDT = rapid diagnostic test; CHP = community health post; CHC = community health centre.

METHODS

Design
The study team utilised a cross-sectional design using
routine programme data.

Setting

General setting

Sierra Leone, situated in West Africa, is bordered by
Guinea in the north-east and Liberia in the south-east.
The capital, Freetown, is a port city close to the Atlan-
tic Ocean. The country has an estimated population of
7 million,'s and is among the poorest in the world,!6
with approximately 40% of the population aged <14
years. There are 14 districts nationwide. The health in-
frastructure is tiered into five levels and includes ter-
tiary referral hospitals, district hospitals and peripheral
health units (PHUs). PHUs include community health
centres (CHCs), community health posts (CHPs) and
maternal and child health posts (MCHPs). Details of
the geographic locations and services offered is shown
in Table 1.

Specific setting

Koinadugu, the study site, is the largest district in the
country. It shares an international border with Guinea
and is mountainous, with rugged roads that become
inaccessible during the rainy season. The population is
estimated at 408097, of whom approximately 20% are
children aged <S5 years. Koinadugu has 11 chiefdoms,
one district hospital and 72 functioning PHUs (10
CHCs, 28 CHPs and 34 MCHPs), of which 68 contin-
ued to function during the entire study period; these
were the study sites.

Although the Ebola outbreak started in May 2014
in Sierra Leone, Koinadugu was the last district to reg-
ister Ebola cases, with the first case confirmed in Octo-
ber 2014. The outbreak was largely confined to one
chiefdom, with a total of 109 confirmed cases and 57
deaths, including one HCW.

Malaria management in Sierra Leone

Malaria management in Sierra Leone is conducted in
line with national guidelines.!* All individuals present-
ing with fever to any given health facility are subjected
to malaria diagnostic testing, which may involve an
RDT or microscopy. Only confirmed malaria cases

should receive ACTs. Oral first-line drug regimens in-
clude artesunate-amodiaquine (AS+AQ) and artesuna-
te-lumifantrine. Severe malaria cases may receive par-
enteral AS, artemeter or quinine. Pregnant women
receive sulfadoxine-pyrimethamine (Fansidar) as inter-
mittent preventive therapy during their pregnancy. To
ensure community access to malaria treatment, trained
community health workers provide RDT and oral first-
line drug treatment in the communities.

Study population and period

All children aged <S5 years with fever who presented to
68 primary health-care units were included in the
analysis, as accurate records were only available for
this age group. This age group is the most vulnerable
to malaria morbidity and mortality. The study time-
frame across all the PHUs spanned the pre-Ebola pe-
riod (1 June 2013-30 April 2014), the Ebola outbreak
period (1 June 2014-30 April 2015) and the post-Ebola
period (1 November 2015-30 April 2016). These peri-
ods were selected to minimise the effects of possible
seasonal variations in malaria transmission on the
study.

Data collection, sources and statistical analysis
Data related to the study objectives were sourced di-
rectly from routine morbidity registers available at
each of the 68 health facilities. Paper-based malaria
reporting forms are expected to be sent each month
by each of the health facilities from the PHU level to
the district health information office. For the pre-Eb-
ola and Ebola periods, which each spanned 11
months, the total number of expected reports for
each period from the 68 PHUs was (68 x 11) = 748;
and for the post-Ebola period, spanning 6 months,
the total expected reports from the 68 PHUs was (68 x
6) = 408. Differences between the number of expected
reports and the number actually received by the dis-
trict information office represent the gaps in report-
ing completeness.

A data manager was responsible for data quality
and a dedicated data entry clerk completed data entry.
The principal investigator supervised aspects related to
data quality. EpiData software was used for data entry
and analysis (v. 3.1 for entry and v. 2.2.2.182 for analy-
sis; EpiData Association, Odense, Denmark).
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FIGURE Flow chart showing completeness of malaria reporting for
children aged <5 years from 68 PHUs in the pre-Ebola, Ebola and
post-Ebola disease outbreak periods, Koinadugu District, Sierra Le-
one. *1 June 2013-30 April 2014; 1 June 2014-30 April 2015; #1
November 2015-30 April 2016. $For the pre-Ebola and Ebola peri-
ods, each spanning 11 months, the total expected reports for each
period from the 68 PHUs was (68 x 11) = 748; for the post-Ebola pe-
riod, spanning 6 months, the total expected reports from the 68
PHUs was (68 x 6) = 408. PHU = peripheral health unit.

Results are presented descriptively. Differences between groups
were assessed using the Pearson’s x2 test and the y2 for linear
trends. The level of significance was set at P < 0.05.

Ethics approval

Permission for the study was obtained from the Sierra Leone Scien-
tific and Ethics Review Board, Ministry of Health and Sanitation,
Freetown and the Ethics Advisory Group of the International
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Union Against Tuberculosis and Lung Disease, Paris, France. As the
study used aggregated data, informed consent was not required.

RESULTS

Completeness of malaria reports sent to the district
information office

The Figure shows the completeness of the malaria reports transmit-
ted to the district health information office. Of 1904 expected re-
ports, 1289 (68%) actually arrived. Completeness of reporting was
61% in the pre-Ebola period, increasing to 88% during the out-
break and dropping to 44% in post-Ebola (y? for trend, P = 0.003).

Numbers of reported fever cases and malaria tests
performed

The monthly average of reported fever cases was similar in the
pre-Ebola (n = 4324) and Ebola outbreak (n = 4586) periods, but
dropped significantly in the post-Ebola period by 47% (n = 2324)
(Table 2).

The total number (n = 105558) of malaria diagnostic tests per-
formed exceeded the total number of reported fever cases (n =
105320). The trend in the monthly utilisation of malaria diagnos-
tic tests was similar for the pre-Ebola, Ebola and post-Ebola
periods.

Numbers treated for malaria in relation to artemisinin-
based combination therapy and fever onset
In the pre-Ebola period, 75% of reported fever cases were treated
for malaria, decreasing to 34% during the Ebola period. Of 36804
malaria cases confirmed during the Ebola period, only 17438
(47%) were actually treated, which is significantly lower than in
the pre-Ebola period (96%, P < 0.001) (Table 3).

Of all the fever cases (suspected and confirmed malaria), 95%
in both the pre- and post-Ebola periods received ACT; this in-
creased to 99% during the Ebola outbreak. Delays in administering

TABLE 2 Fever cases reported (suspected malaria) and malaria tests performed during the pre-Ebola, Ebola and post-Ebola outbreak periods

at the primary health-care level, Koinadugu District, Sierra Leone

Pre-Ebola period* Ebola period* Post-Ebola period* Total
n (%) n (%) n (%) n
Reported fever cases 43245 50453 11622 105320
Monthly averaget 4324 4586 2324 —
Tested for malaria * 43515 50609 11434 105558
Positive for malaria ¥ 32219 (74) 36804 (73) 6955 (61) 75978

*Pre-Ebola period = 1 June 2013-30 April 2014; Ebola period = 1 June 2014-30 April 2015; post-Ebola period = 1 November 2015-30 April 2016.
fCalculated over 10 months for the pre-Ebola period (data missing for December 2013), 11 months for the Ebola outbreak period (no data missing) and 5 months for the

post-Ebola period (data missing for December 2015).
#Using rapid diagnostic test or laboratory-based microscopy.

TABLE 3 Number of patients treated for malaria with ACT, stratified by type of medication and timing (within 24 h of fever onset) in the
pre-Ebola, Ebola and post-Ebola outbreak periods at the primary health-care level, Koinadugu District, Sierra Leone

Pre-Ebola period* Ebola period* Post-Ebola period* Total
n (%) n (%) n (%) n

Reported fever cases 43245 50453 11622 105320
Treated for malaria

(suspected/confirmed) 32505 (75) 17438 (34) 6380 (53) 56323

With ACT 30922 (95) 17417 (99) 6075 (95)

With other medication t 1583 (5) 21 (1) 305 (5)

Within 24 h of fever onset 21817 (67) 12682 (73) 4117 (65)

*Pre-Ebola period = 1 June 2013-30 April 2014; Ebola period = 1 June 2014-30 April 2015; post-Ebola period = 1 November 2015-30 April 2016.

tIncluding quinine (oral or parenteral) and sulfadoxine + pyrimethamine (Fansidar).
ACT = artemisinin-based combination therapy.
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ACT within the recommended time following self-reported onset
of fever (<24 h) were apparent during the three study periods.

DISCUSSION

This is one of the first studies to assess the management of chil-
dren with fever for malaria in the context of Ebola in a rural dis-
trict setting. The findings show pre-existing gaps in the complete-
ness of malaria reporting that worsened in the post-Ebola period,
with approximately four of 10 expected reports reaching the dis-
trict level. Of additional concern is that less than half of all con-
firmed malaria cases were actually treated for malaria during the
outbreak. This may be attributed to the fact that as fever is a
symptom common to both malaria and EVD, HCWs might have
been inclined to be prudent by referring affected children to the
Ebola management sites.

This study shows that a previously weak malaria reporting sys-
tem improved during the Ebola outbreak and deteriorated there-
after. It is important to correct this situation, as district manage-
ment teams rely on malaria reports for projections of drug and
consumable requirements. This study highlights the urgent need
for a rapid point-of-care test for EVD, which is a prerequisite for
the differentiation of Ebola-related fever from other fevers.

The strengths of this study include the selection of the largest
district in the country as the study site and the inclusion of all
primary health-care units that remained open throughout the
study period. As the data were also directly sourced from the
health facility morbidity forms, double-entered and validated, we
believe the findings reflect the operational reality on the ground.
The study also addresses an identified operational research prior-
ity of the Ministry of Health and Sanitation at national level, and
it may thus contribute to policy and practice.

One of the main limitations is the missing data on morbidity;
the real malaria situation may be much worse than indicated in
the results. The aggregate, non-individualised data did not allow
us to directly link malaria diagnosis and ACT treatment. Although
national and WHO malaria guidelines!314 recommend the ratio-
nal use of ACTs, it was impossible to assess this parameter. The
problem lies at the level of the morbidity forms, which will need
to be modified in such a way as to be able to decipher this infor-
mation accurately. Clarity on indicators that need to be reported
at national programme level is also needed.

These limitations notwithstanding, the study has a number of
implications for policy and practice. First, although malaria re-
porting was incomplete prior to the outbreak, it actually im-
proved during the outbreak and subsequently deteriorated. We do
not know the exact reasons for this finding, but it may be at-
tributed to the fact that during the Ebola outbreak there were in-
creased numbers of reporting staff at district level, with closer
monitoring and supervision and enhanced transport logistics.
This may have had a favourable effect on staff motivation in re-
porting. During the Ebola outbreak, more opportunities were also
available for transfer of paper-based forms from the PHU level to
the district health information office, which may have improved
the completeness of reporting. This viewpoint seems logical, as
there was significant deterioration following the withdrawal of
the Ebola-related emergency resources (post-Ebola). Possible ways
of improving reporting include improving supervision, monitor-
ing and feedback to enhance the motivation of PHU staff. Peri-
odic data quality control audits may also be warranted.

Improving the information flow from the PHU to district level
requires the creative deployment of a number of possible strate-
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gies. The recent introduction of the Integrated Disease Surveil-
lance and Response (IDSR) system, along with monthly meetings
of the PHU managers at district level, could be an opportunity to
combine the transmission of reports. Furthermore, as chiefdom
health supervisors routinely visit all PHUs and have access to mo-
torbikes, they may be able to support this activity. The current re-
ality is that PHU staff have neither Internet access nor other elec-
tronic means for transmitting morbidity forms to the district
level. There is thus clear reliance on transport logistics, but this is
limited or unavailable at primary level. Further operational re-
search on these issues, including use of independent electronic
data systems,!”.18 is necessary, as is greater investment.

Second, a reassuring finding was that the monthly utilisation
of malaria diagnostics closely matched the number of reported fe-
ver cases, implying that fever cases are being routinely subjected
to malaria testing. Surprisingly, there was no decline in this trend
during the Ebola outbreak despite a ‘no touch’ policy and a gen-
eral recommendation to avoid invasive procedures as a means of
minimising Ebola-related occupational risks. This observation
may be linked to the fact that Koinadugu was the last district to
register Ebola cases in Sierra Leone, and that these were confined
to one of 11 chiefdoms. This may have given time for health
workers to receive infection prevention and control (IPC) training
as well as IPC supplies, which might have resulted in boosted
confidence and motivation among health workers to continue
routine malaria management activities. IPC training may also ex-
plain why parenteral medication was avoided in almost all (99%)
fever cases (significantly more than in the pre-Ebola period). This
finding is in stark contrast with a study from Guinea, which re-
ported substantial decreases in malaria care during the Ebola out-
break,!! and suggests that IPC training and support for HCW
safety can yield dividends in upholding essential services.

Finally, less than half of all confirmed malaria cases received
treatment during Ebola, significantly fewer than in the pre- and
post-Ebola periods. This could be attributed to the fact that all cases
of fever were considered as possible Ebola patients, resulting in
their referral to Ebola holding or treatment centres. Although un-
derstandable, the drawback to this approach is that children (and
their parents) who may not have had Ebola may have been put at
risk of being exposed and contracting the disease at such facilities.
Furthermore, as Ebola holding and treatment centres were already
overwhelmed with confirmed cases, such referrals may have con-
tributed to increased workloads and unnecessary congestion.

We strongly recommend acceleration of the development of a
rapid point-of-care Ebola test that would allow Ebola testing to be
executed simultaneously with malaria tests,920 and to be made
readily available at an affordable cost. This has the potential to
enhance rational screening for fever, referral of confirmed Ebola
cases and uptake of malaria treatment. In sustained Ebola out-
breaks such as in 2014-2015, which lasted for over a year, this
will be vital to sustain malaria management and avoid malaria-re-
lated mortality.

In conclusion, we have highlighted a number of shortcomings
and opportunities in the management of malaria in children in
the context of an Ebola outbreak. These findings could be useful
to guide current efforts towards health systems strengthening and
recovery in Sierra Leone and other West African countries.
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Contexte : Soixante-huit structures de soins de santé primaires, dans
le district de Koinadugu, dans la Sierra Leone rurale.

Obijectifs : La Sierra Leone, un des pays les plus frappés par le
paludisme, a été gravement affecté par la flambée épidémique
d’Ebola en 2014-2015. Parmi les enfants d4gés de <5 ans, nous avons
comparé, dans les périodes avant, pendant et aprés Ebola, les
tendances de I'exhaustivité des rapports relatifs au paludisme envoyés
au bureau du district, le nombre d’enfants fébriles chez qui le test de
diagnostic du paludisme a été réalisé et la prise en charge du
paludisme par un traitement combiné a base d’artémisinine (TCA).
Schéma : Etude transversale.

Résultats : Sur 1904 rapports de paludisme attendus, 1289 (68%)
ont été recus. La complétude des rapports a été de 61% avant Ebola,
a augmenté a 88% pendant Ebola et est tombée a 44% apres Ebola
(P =0,003). Le nombre total de tests de paludisme (n = 105558) a

dépassé le nombre de cas de fievre (n = 105320). Avant Ebola, 75%
de tous les cas de fiévre rapportés (n = 43 245) ont recu un traitement
du paludisme, nombre qui est tombé a 34% pendant Ebola (n =
50453). Sur 36804 cas de paludisme confirmés pendant Ebola,
17438 (47%) ont été traités, significativement moins qu’avant Ebola
(96% ; P < 0,001). Parmi les cas de fievre, 95% ont recu du TCA
avant et apres Ebola et jusqu’a 99% pendant Ebola.

Conclusion : Les lacunes préexistantes en matiére de rapports relatifs
au paludisme se sont aggravées apres Ebola. Il est rassurant de voir
que les tests du paludisme sont restés paralléles aux cas de fievre mais
seulement la moitié de tous les cas confirmés a recu un traitement
pendant Ebola, ce qui peut étre expliqué par des problémes
opérationnels liés a la flambée épidémique. Ces résultats pourraient
étre utiles pour guider le renforcement et la récupération des
systemes de santé.

Marco de referencia: Sesenta y ocho establecimientos de salud del
distrito rural de Koinadugu en Sierra Leona.

Obijetivos: Sierra Leona es uno de los paises con mas alta carga de
morbilidad por paludismo y sufrié una grave epidemia de enfermedad
por el virus del Ebola en el 2014 y el 2015. Se compararon las
tendencias en el caracter integral de los informes sobre el paludismo
de los nifios <5 afios de edad enviados a la oficina distrital, antes,
durante y después del brote; se analizaron las cifras de los informes
con el nimero de casos de fiebre en los cuales se practicaron las
pruebas diagnésticas de paludismo y de tratamientos combinados a
base de artemisinina (TCA).

Método: Une estudio transversal.

Resultados: De las 1904 notificaciones de paludismo previstas, se
recibieron 1289 (68%). La exhaustividad de los informes durante el
periodo antes del brote del Ebola fue de 61%, aumenté a 88%
durante el brote y disminuyé a 44% después del mismo (P = 0,003).
El total de las pruebas diagndsticas de paludismo practicadas (n =
105558) excedié el nimero disminuido de casos (n = 105320).

Durante el periodo anterior al brote, el 75% de todos los casos
notificados de fiebre (n = 43245) recibié tratamiento antipaltdico y
esta cifra disminuyé al 34% durante el brote (n = 50453). De los
36804 casos confirmados de paludismo durante el brote, 17438
(47%) recibieron tratamiento, lo cual representa una proporcién
significativamente inferior a la del periodo antes del brote (96%; P <
0,001). Del reducido ndmero de casos, €l 95% recibié TCA antes y
después del brote y esta proporcién alcanzé el 99% durante el brote
epidémico.

Conclusién: Las deficiencias prexistentes en la notificacion del
paludismo se agravaron después del brote epidémico del Ebola. Un
dato alentador es que el nimero de pruebas diagnésticas realizadas
fue equiparable al nimero reducido de casos notificados de
paludismo, pero solo la mitad de todos los casos confirmados
recibieron tratamiento durante el brote del Ebola, probablemente por
causa de dificultades operativas relacionadas la epidemia. Estos
resultados pueden ser Utiles a fin de orientar el fortalecimiento y la
reactivacién de los sistemas de salud.
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