Major decline in malaria morbidity and mortality in
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Background. Malaria remains a public health challenge in sub-Saharan Africa. In response to this, many countries are working towards
achieving the World Health Assembly and Roll Back Malaria Partnership target of a 75% decline in malaria incidence.

Objective. To assess trends in malaria morbidity and mortality in the three islands of the Comoros Archipelago from 2010 to 2014.
Methods. This was a retrospective study in which all confirmed malaria cases and deaths recorded between 2010 and 2014 were accessed
from the national malaria control database. Trends and comparisons in malaria incidence and case fatality rates for all age groups, including
under-5 children and pregnant women, were analysed using Microsoft Excel and SPSS version 16.

Results. A substantial decline in malaria incidence was observed for each island between 2010 and 2014; from 75.98 cases per 1000 population
in 2010 to 0.14 in 2014 in Moheli, 60.60 to 0.02 in Anjouan and 235.36 to 5.47 in Grand Comoro. Additionally, a general reduction in malaria
case fatalities was observed. In Moheli, there were no case fatalities between 2010 and 2014, while there was a decline in the case fatality rate in
Anjouan (from 1.20 fatalities per 1000 cases to 0) and Grand Comoros (0.51 to 0). There were also significant differences (p<0.05) in malaria
incidence and case fatalities between the three islands. A similar trend was observed for pregnant women and under-5 children.

Conclusion. Our study indicates a significant decline in malaria morbidity and mortality in the islands of Moheli, Anjouan and Grand
Comoro from 2010 to 2014. This considerable reduction is attributed to a combination of malaria prevention and control interventions

implemented during the study period.
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Despite progress over the century in the global eradication of
malaria, the disease still remains a public health challenge, especially
in sub-Saharan Africa. In this region, there were 163 million malaria
cases and 528 000 deaths from malaria in 2013.!" Nevertheless, the
past decade has witnessed a reduction in malaria morbidity and
mortality. For example, 34% and 54% decreases in malaria incidence
and deaths were recorded respectively between 2000 and 2013. This
decline is attributed to increased funding, which has led to scaling
up of current malaria prevention and control interventions, i.e.
expanded distributions, use and coverage of vector control strategies
such as of insecticide-treated bed nets (ITNs) and indoor residual
spraying (IRS), increased use of rapid diagnostic tests (RDTs) for
prompt diagnosis and increased access to malaria case management
using artemisinin-combination therapy (ACT)."! For example,
malaria spending has increased threefold since 2005, and nearly
50% of the at-risk population had access to ITNs in 2013, compared
with 7% in 2004. Increased access to RDTs and quality ACT was also
observed on the continent.!"! Additionally, climate change, increased
land use for agriculture and housing, as well as urbanisation, have
been posited as contributing factors to the observed decline.??
Notwithstanding these remarkable achievements, most African
countries are way behind in achieving the World Health Assembly
and Roll Back Malaria Partnership target of a 75% decline in malaria
incidence.!

The Comoros Archipelago is located in the Indian Ocean between
Madagascar and the eastern coast of Africa. Its projected population
for 2012 was 718 000 inhabitants, and it had an annual population
growth rate of 2.4% between 2010 and 2015. It consists of four
islands: Mayotte, Moheli, Anjouan and Grand Comoro, with the
last three collectively called the Union of Comoros.”! It has a
tropical climate with a wet and humid season from November
to April/May and a dry season from May to October. Ninety-six
percent of all malaria infections in Comoros are due to the parasite
species Plasmodium falciparum and the local vector is predominantly
Anopheles gambiae. Malaria, which is endemic in that part of Africa,
is transmitted mainly during the rainy season although the level of
malaria endemicity varies greatly from one island to the other.”
Since independence, the Comoros Archipelago has implemented
an evidence-based malaria control policy, with chloroquine being the
main drug for malaria treatment and prophylaxis. This was in line with
the World Health Organization (WHO)’s strategy for malaria control
at that time.”! The desired outcome of this control measure was not
achieved prior to 2004 because of political instability and budgetary
constraints at that time coupled with the emergence of resistance
to chloroquine.® In 2003, the Comoros government, with support
from its international partners, implemented the use of arthemether-
lumefantrine as a malaria treatment policy change.” In 2004,
other malaria control interventions were started, such as IRS, mass

709 SAMJ July 2016, Vol. 106, No. 7



distribution of ITNs/long-lasting insecticide
nets (LLINSs), intermittent prevention therapy
for pregnant women (IPTp), and diagnosis
and treatment of malaria cases. The IPTp
intervention was adopted in 2004, while
in 2005 free distribution of mosquito nets
only targeted pregnant and under-5 children
(U5C); this was rolled out to all age groups
in 2010. IRS was also started in 2010.1 The
malaria diagnosis policy was adopted from
1997 but was not fully implemented until
2011 when it was made freely available in
all public hospitals and clinics."® Although
arthemether-lumefantrine was adopted as
first-line drug therapy for uncomplicated
malaria in 2003, free access for the general
population in public health facilities only
came into effect in 2010.4) Data on the
coverage of most of these interventions were
scanty, especially before 2010. However,
recent Demographic Health Survey reports
revealed that slightly over and below 40%
of the population of Comoros had access to
ITNs and slept under one, respectively.!'!]
In addition, less than 10% of the at-risk
population had IRS for malaria prevention
between 2010 and 2011. In 2007, fast
elimination of malaria by source eradication
(FEMSE) was adopted in addition to existing
malaria control interventions. This began in
2007 in Mobheli, 2012 in Anjouan and 2013
in Grand Comoro. The FEMSE intervention
is a method of mass drug administration
(MDA) with artemisinin-piperaquine and
primagquine. It is aimed at completely remov-
ing mosquito parasites in the human body as
well as preventing reinfection by mosquitoes,
thereby blocking the spread of malaria.'”
This method had successfully achieved a
substantial reduction in malaria prevalence
outside Africa,"® creating renewed interest in
MDA as a potential elimination strategy for
malaria. However, evidence of its success in
the African region remains limited.*

Lack of sufficient financing, poor public
health infrastructure, limited skilled human
capacity, poor quality health services and
commodities in the private sector, threat of
resistance to life-saving ACTs and lack of
intersectoral collaboration have been put
forward as potential barriers to scaling up
malaria control intervention in developing
nations.!”” These challenges have raised
concerns as to whether the Roll Back
Malaria partnership target will be met in
2015.“" Despite these challenges, some
African countries, including South Africa,
Rwanda, Ethiopia, Zambia and Zimbabwe,
are on course to achieve the targets.”) In
addition, a recent study in the nearby island
of Mayotte!'" indicated a decline in malaria
incidence and deaths. Similar patterns have

Table 1. Malaria incidence rate and CFR for all ages, 2010 - 2014

Incidence rate CFR (deaths
Cases per (cases per 1 000 per 1000
Island Year Cases,n month, mean population) Deaths, n  cases)
Mobheli 2010 3420 285.00 75.98 0 0
2011 1952 162.67 42.11 0 0
2012 842 70.17 17.66 0 0
2013 83 6.92 1.68 0 0
2014 7 0.58 0.14 0 0
Anjouan 2010 17 638 147.00 60.60 10 0.57
2011 9973 509.25 33.38 12 1.20
2012 4042 335.33 13.11 4 0.99
2013 67 5.58 0.21 1 14.93
2014 5 0.42 0.02 0 0
Grand 2010 82 612 6 884.30 235.36 42 0.51
Comoro 7011 64732 481130 179.81 41 0.63
2012 60 297 5023.20 163.11 13 0.22
2013 53979 4 498.20 142.30 14 6.57
2014 2130 177.50 5.47 0 0

Table 2. Comparison of malaria cases and deaths between the three islands for all ages,

2010 - 2014
Malaria cases per Deaths per
Island year, mean p-value year, mean p-value
Moheli 1260.80 0.001 0 0.023
Anjouan 6 341.40 5.40
Grand Comoro 52 750.80 22.00
Table 3. Malaria incidence rate and CFR for pregnant women, 2010 - 2014
CFR (deaths
Incidence rate per 1000
Cases per (cases per 1 000 pregnant
Island Year Cases,n month, mean pregnant women) Deaths,n women)
Moheli 2010 60 5.00 38.05 0 0
2011 22 1.67 13.53 0 0
2012 2 0.17 1.19 0 0
2013 2 0.17 1.16 0 0
2014 1 0.08 0.56 0 0
Anjouan 2010 1278 106.50 125.52 3 2.35
2011 453 37.75 43.32 4 8.83
2012 40 3.33 3.72 1 25.00
2013 3 0.25 0.27 0 0
2014 0 0 0 0 0
Grand 2010 2368 197.33 192.83 10 4.22
Comoro 5011 1614 134.50 128.06 11 6.82
2012 1430 191.17 110.35 2 1.40
2013 1150 95.83 86.62 5 435
2014 93 7.75 6.83 0 0
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been reported in Rwanda and Tanzania,!"”!®!
while the opposite was observed in Togo.!"!
However, there is paucity of published
malaria data on the other three islands of
Comoros Archipelago (Moheli, Anjouan and
Grand Comoro). These three islands are
unique as, compared with Mayotte, they
do not receive support from France and
the national malaria control programme has
full authority. They have also experienced
political upheaval in recent times that has
affected socioeconomic activities.”” Since
2010, the WHO malaria case management
guidelines, which emphasise malaria case
confirmation before initiation of treatment,
have been implemented in all three islands. ™
Therefore, it important to assess how these
islands have performed since 2010 in their
quest to eliminate malaria. It is against this
background that we decided to conduct this
study, with the aim of assessing trends in
malaria morbidity and mortality after the
combined intervention of malaria control
tools (IRS, ITNs, IPTp, etc.) and the FEMSE
strategy were implemented in the three
islands.

Methods

Study design, time period and
ethical clearance

This was a retrospective cross-sectional study
carried out in the three islands of Moheli,
Anjouan and Grand Comoro from 2010
to 2014. The regional office of the national
malaria control programme in each island
collected malaria data from each public and
private health facility on a monthly basis and
these were sent to headquarters in Grand
Comoro for analysis. Ethical clearance for
the study was obtained from the Ministry of
Health of the Comoros.

Study setting

The Union of Comoros covers an area of
2 300 km? with a total population of 734 000
and population growth rate (2010 - 2015)
of 2.4%. Mobheli covers an area of 211 km?
and represents 6% of the total population.
Anjouan island has a total area of 424 km?
and represents 42% of the total population
while the island of Grand Comoro, which
covers an area of 1 025 km?, represents 52%
of the total population of the country.”!

Source of epidemiological data

Data were sourced from the national mala-
ria control programme database. The end
of political instability in these three islands
in 2008®! led to the development of a new
malaria treatment policy in 2010 that
ensures free access to malaria treatment to
all age groups in both public and private

Table 4. Comparison of malaria cases and deaths between the three islands for

pregnant women, 2010 - 2014

Malaria cases in pregnant Malaria deaths in pregnant
Island woImen per year, mean p-value women per year, mean p-value
Moheli 17.40 0.09 0 0.031
Anjouan 354.80 1.60
Grand Comoro 1 331.00 5.60
Table 5. Malaria incidence rate and CFR for U5C, 2010 - 2014
Incidence rate CFR (deaths
Cases per (cases per 1 000 per 1 000

Island Year Cases,n month, mean U5C) Deaths,n U5C)
Moheli 2010 702 58.50 96.82 0 0

2011 658 54.83 88.27 0 0

2012 370 30.83 48.28 0 0

2013 12 1.00 1.52 0 0

2014 1 0.08 0.12 0 0
Anjouan 2010 6 867 572.25 147.51 6 0.87

2011 2532 211.00 52.96 5 1.97

2012 1164 89.50 23.71 3 2.58

2013 5 0.42 0.10 1 200.00

2014 1 0.08 0.02 0 0
Grand 2010 30 960 2 580.00 551.63 21 0.68
Comoro 1) 26 881 2 240.08 466.62 10 0.37

2012 21 882 1 818.60 369.05 9 0.41

2013 16 074 1 339.50 264.05 5 0.31

2014 767 63.92 12.31 0 0

Table 6. Comparison of malaria cases and deaths in U5C between the islands, 2010 - 2014

Malaria cases in U5C Malaria deaths in U5C
Island per year, mean p-value  per year, mean p-value
Moheli 348.60 0.002 0 0.031
Anjouan 2113.80 3.00
Grand Comoro 19 312.8 9.00
health facilities."”) This provided the oppor- ~ Data analysis

tunity for details of each malaria case
reported to health facilities to be recorded
on a case notification form. Cases were
treated at health facilities as per the WHO
guidelines for malaria case management.!!
Information on deaths due to malaria
was collected using the same mechanism.
Aggregate data from all health facilities were
sent to the malaria control programme office
on each island on a monthly basis where
preliminary vetting for completeness and
accuracy was carried out. These data were
then sent to the malaria control programme
headquarters in Grand Comoro where they
were checked again for completeness, and
final analysis was carried out.
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The data collected from the national malaria
programme database, which was set up and
routinely validated by WHO, were analysed
using Microsoft Excel and SPSS version
16 (IBM, USA). Data from 2010 to 2014
for Moheli, Anjouan and Grand Comoro
were analysed. Individual-level data were not
available, therefore sex distribution could
not be analysed. However, aggregated data
for targeted groups, i.e. U5C and pregnant
women, were present. Malaria incidence
was calculated using the projected yearly
population for each island sourced from
the 2003 population and housing census.
Malaria incidence per 1 000 people was
calculated for each year. Malaria case fatality
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Fig. 1. Trends in number of malaria cases and incidence between 2010 and 2014 for all ages (A), U5C

(B) and pregnant women (C) in all three islands.

rate (CFR) was calculated by dividing the
number of malaria deaths by the number
of malaria cases for that year and the results
expressed per 1 000. One-way analysis
of variance (ANOVA) was employed to
compare the number of malaria cases and
deaths between the three islands. p<0.05 was
considered statistically significant.

Results

Malaria incidence and case fatalities
in all ages, 2010 - 2014

From 2010 to 2014, the total number of
malaria cases in all three islands was 301 765,
with the mean number of malaria cases
per year 1 260.80, 6 341.40 and 52 750.80
in Moheli, Anjouan and Grand Comoro,
respectively. A 99% (from 3 420 to 7 cases),
100% (from 17 638 to 5 cases) and 99% (from
82 612 to 2 130 cases) reduction in malaria
cases was also observed from 2010 to 2014
in Moheli, Anjouan and Grand Comoro,
respectively. In addition, a substantial decline
in malaria incidence was observed for each
island; 75.98 cases per 1 000 population to
0.14 in Moheli, 60.60 to 0.02 in Anjouan and
235.36 to 5.47 in Grand Comoro. Further-
more, a general reduction in malaria case

fatalities was also observed. In Moheli, there
were no case fatalities from 2010 to 2014,
while there was a decline in Anjouan and
Grand Comoro. There was a significant
difference (p<0.05) in number of malaria
cases and case fatalities between the three
islands. Tables 1 and 2 provide further details.

Malaria incidence and case fatalities
in pregnant women, 2010 - 2014

In the cohort of pregnant women, Grand
Comoro (1 331.00) and Anjouan (354.80)
had higher mean cases of malaria per year
than Moheli (17.40) A steady decline in
malaria incidence in pregnant women from
2010 to 2014 was noticed for all three islands.
Incident cases per 1 000 pregnant women
reduced from 38.05 in 2010 to 0.56 in 2014
in Moheli, 125.52 to 0 in Anjouan and
192.83 to 6.83 in Grand Comoro. No case
fatalities in pregnant women were observed
in Moheli over the period under review and
a reduction in the CFR was observed in
Anjouan (2.35 to 0) and Grand Comoro (4.22
to 0). A statistically significant difference
was observed for number of deaths due to
malaria between the three islands. Tables 3
and 4 provide further details.
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Malaria incidence rate and case
fatalities in U5C, 2010 - 2014

Among U5C, a similar pattern was observed
to that of pregnant women. A steady decline
in malaria incidence was seen from 2010 to
2014 in Mobheli (96.82 cases per 1 000 U5C
to 0.12), Anjouan (147.51 to 0.02) and Grand
Comoro (551.63 to 12.31). No case fatalities
were observed in Moheli, and a general
reduction in the U5C CFR was observed in
Anjouan (0.87 to 0) and Grand Comoro (0.68
to 0). A statistically significant difference
was observed for number of fatalities, but
not for number of cases, between the three
islands. For further details refer to Tables 5
and 6.

Trends in malaria morbidity and
mortality, 2010 - 2014

For each cohort, there was a gradual
decline in the total number of malaria cases
and incidence (Fig. 1). Fig. 2A shows no
difference in the total number of deaths
in 2010 and 2011. This was followed by a
significant drop in 2012 which remained
similar in 2013. However, a significant
reduction was observed for 2014 in which
no deaths were reported. Case fatalities
show a gradual decline in 2010 to 2012
followed by a large rise in 2013 and large fall
in 2014. Fig. 2B presents a gradual decline
in both total number of deaths and CFR for
U5C whereas Fig. 2C shows an increase in
deaths for pregnant women from 2010 to
2011 followed by a fall in 2012 and rise in
2013 and fall to zero figures in 2014. Fig. 3
shows the effect of the implementation of
key malaria interventions, including LLING,
ACT MDA and FEMSE, on the number
of malaria cases recorded after their
implementation. For example, there was
a decline in the number of malaria cases
after a LLIN intervention was implemented
in November 2010 in all three islands.
A similar picture was observed following
the implementation of ACT MDA in all
three islands and FEMSE interventions in
Anjouan and Grand Comoro.

Discussion

The main aim of this article is to present
trends in malaria morbidity and mortality
in three islands of the Comoros — Moheli,
Anjouan and Grand Comoro - from 2010
to 2014. The year 2010 was chosen as it
coincided with the implementation of WHO
malaria guidelines emphasising the need
for confirmation of malaria either through
microscopy or RDT before treatment is
initiated. This gives credence to all cases
and deaths recorded from 2010 being due
to malaria.



In all three islands, an at least 98% reduc-
tion in malaria incidence and case fatalities
was observed from 2010 to 2014. This is
in line with the WHO country report?!
and similar to the reduction in malaria
incidence reported from a study done
on the neighbouring island of Mayotte!'®!
although at different periods. The outcomes
of this study correlate with a similar study
conducted in Mpumalanga Province, SA,
in which an 87% reduction in malaria
incidence was reported®! and in Tanzania
where a 85% decline in malaria cases was
recorded.” The outcomes are also similar to
those of a study conducted in Cambodia.!"™
The difference in figures is probably due to
differences in study location, methodologies
used and time periods under review.
Furthermore, our study was conducted
with data from three islands, compared
with a single geographical location in the
SA and Tanzanian studies. Although the
picture was generally similar for all three
islands, some differences were observed
between them. For example, we observed a
significant difference in malaria incidence
and CFRs between the three islands, with
Grand Comoro having higher incidence and
CFRs than the other two islands. Post-hoc
analysis indicated no significant difference
in incidence and CFR between Mobheli and
Anjouan but a significant difference existed
between these and Grand Comoro. The
reasons for this observation are related to
population densities in the three islands —
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Fig. 2. Trends in malaria deaths and CFR between 2010 and 2014 for all ages (A), U5C (B) and
pregnant women (C).
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and year in the three islands of Moheli, Anjouan and Grand Comoro in relation to implementation of
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Grand Comoro has a high population density compared with the
other two. Another possible reason for the observed difference is that
inhabitants of Grand Comoro experience more mosquito bites per
day than inhabitants of the other two islands.®!!

For the period under review, there were no reported deaths for all
age groups in Moheli, unlike Anjouan and Grand Comoro (Table 1).
This observed difference may be related to the FEMSE intervention
implemented in 2007, in conjunction with other interventions such
as IRS and the distribution of LLINs, which continued in subsequent
years. These interventions, especially the FEMSE, were reported
to have contributed to a significant reduction in parasite carriage
rate.'?) Additionally, free access to ACT for the general population
and sulfadoxine-pyrimethamine for pregnant women was made
possible by the government with support from its international
partners in Moheli in the years after the implementation of the
FEMSE programme.

Comparing Figs 1 and 2, we see a general decline in malaria
incidence and case fatalities for all ages, including pregnant women
and U5C, in all three islands from 2010 to 2014. The implementation
of a cocktail of interventions at different times during the study
period resulted in zero malaria incidence and case fatalities at the end
of 2014. Fig. 3 gives a detailed picture of the effect of each malaria
intervention on the overall reduction of malaria morbidity and
mortality observed in this study. For instance, the mass distribution
of LLINs in all three islands in November 2010, and in December
2013 in Anjouan, was followed by a subsequent reduction in malaria
cases for all three islands. Similar patterns were observed with mass
administration of ACT and the FEMSE intervention. However, it is
worth noting that zero malaria deaths were recorded in Anjouan and
Grand Comoro after the FEMSE intervention was implemented in
2012 and 2013 respectively (Table 1). This shows that the FEMSE
programme contributed to overall malaria morbidity and mortality
and is in line with the results of similar studies conducted in countries
in Asia.”

As mentioned earlier, this study was the first of its kind that attempted
to observe trends in malaria morbidity and mortality since the WHO
malaria guidelines were implemented in the three main islands of
Comoros in 2010. However, it has some limitations. The study fails
to look at the effect of each intervention on malaria morbidity and
mortality in all three islands. Furthermore, sex distribution of malaria
cases and deaths, as well as the influence of climatic conditions,
especially rainfall pattern, on malaria morbidity and mortality for all
three islands were not presented as aggregate data as these variables
were not available from the national malaria control programme and
meteorological department at the time of conducting this research.
Future studies are recommended to address these gaps.

Conclusion

This study demonstrated the significant reduction in malaria
morbidity and mortality in the islands of Moheli, Anjouan and
Grand Comoro from 2010 to 2014. This was due to a combination of
malaria control interventions implemented during the study period.
Future studies should focus on the extent to which each intervention
contributed to the reduction in malaria morbidity and mortality.
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