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Abstract.

Malaria remains a major global health burden, killing hundreds of thousands annually, especially in sub-

Saharan Africa. In December 2019, a novel illness termed COVID-19, caused by SARS-CoV-2, was reported in China. This
disease soon spread around the world and was declared a pandemic by the WHO on March 11,2020. Considering that the
malaria burden is high in many low-income tropical countries with little capacity to fund malaria control and eradication
programs, the fight against malaria in these regions is likely to be hindered by COVID-19. Indeed, access to health care has
generally been limited during the pandemic, whereas malaria interventions, such as seasonal malaria chemoprevention,
and distribution of long-lasting insecticide-treated bed nets, have been suspended because of lockdowns. Likewise, the
repurposing of antimalarials for the treatment of COVID-19 and a shift in focus from the production of malaria rapid
diagnostic tests to COVID-19 rapid diagnostic tests are causes for concern in malaria-endemic regions. COVID-19 has
disproportionately affected developed countries, threatening their capacity to aid in malaria control efforts. Here, we
address impacts of the COVID-19 pandemic on the management and control of malaria in Africa.

INTRODUCTION

Malaria remains a major health burden globally. In 2018, an
estimated 228 million malaria cases and 405,000 deaths oc-
curred worldwide, with sub-Saharan Africa bearing the
greatest brunt. Unfortunately, in December 2019, a novel ill-
ness termed COVID-19, caused by SARS-CoV-2,2 was re-
ported in Wuhan, China.®

COVID-19 rapidly spread into a global pandemic, as de-
clared by the WHO on March 11, 2020. As of October 23, 2020,
there were more than 26 million confirmed cases of COVID-19
and more than six million active cases in 215 countries and
territories; and fatalities exceeded eight hundred thousand.*

Considering that the malaria burden is highest in low-income
countries with little capacity to fund control and elimination
programs,” the fight against malaria is likely to be impacted
negatively by the COVID-19 pandemic. COVID-19 at the time of
writing this perspective has been disproportionately affecting the
developed countries.>” Consequently, these countries that
mostly fund malaria control and interventions may devote more
disease control resources inward, and this could jeopardize re-
sources for malaria control efforts in the low-income regions.#'°

Here, we present our views on the potential collateral impact
of COVID-19 on malaria and the likely implications of the
COVID-19 pandemic on malaria, especially in Africa.

COVID-19 AND MALARIA IN AFRICA

The COVID-19 pandemic has substantially impacted the control
of infectious diseases, thereby impeding recognized program
addressing malaria and other infectious diseases.'’ The gains of
Africa in decreasing disease and death have been significantly
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attributed to expanding the distribution of insecticide-treated bed
nets,'® indoor spraying of residual insecticides, access to early
diagnosis, and more effective antimalarial treatments,'" coupled
with targeted interventions such as intermittent preventive treat-
ment in pregnancy and seasonal malaria chemoprevention. This
combined approach has been enabled by financial and global
commitment to malaria control and elimination, encouraged by
future targets, such as reducing malaria globally by > 90% by 2030
(compared with 2015), eliminating malaria from the Asia Pacific by
2030 and Africa being largely malaria free by 2050.

Recently, progress in reducing the global burden of malaria has
stalled. In 2018, there were an estimated 228 million cases, com-
pared with 214 million in 2015, and more than 400,000 deaths.®
The emergence of drug-resistant parasites and insecticide-
resistant mosquitoes, lack of universal access to malaria pre-
vention and treatment, and the lack of a highly effective vaccine
constitute the challenges in eradicating Malaria. Malaria funding is
below what is required to achieve global goals, and many countries
face competing health priorities in the context of severely con-
strained resources.' In this regard, the emergence and spread of
COVID-19 may hinder malaria control and consequently reverse
successes in many malaria-endemic countries.

With lockdowns in many countries, supply chains of health
commodities were cut short. This could lead to shortages of
medicines across the world, including treatments for critical iliness.
This is of greatest concem for low- and middle-income countries
that still bear the brunt of the burden of communicable diseases
such as malaria, HIV/AIDS, and tuberculosis. The impact of COVID-
19 on pharmaceutical supply chains could imperil progress made
against malaria in malaria-endemic countries.

In the past, restricting malaria control activities has been
accompanied by resurgence in malaria morbidity and mor-
tality.’® This has occurred when interventions were reduced
because of funding constraints or disrupted by war, disas-
ter, or conflict.’® Following the termination of a dichlor-
odiphenyltrichloroethane program in Indonesia in the 1960s,
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annual malaria cases rose from < 6,000 to 346,000 per year.
Countries that are drawing toward elimination of malaria face
similar risks of resurgence if current programs are significantly
disrupted by the COVID-19 pandemic.

Disruption of economic activities and health system failure
are responsible for rise in morbidity and mortality from in-
fectious diseases. The COVID-19 pandemic has crumbled
socioeconomic activities which could result in the malaria
resurgence. Deaths from malaria, HIV infection, and tubercu-
losis in West Africa increased because of Ebola epidemic in
2017." This could be attributed to deaths of healthcare
workers, overwhelmed health facilities, and fear of contracting
disease at health facilities.'”"'®

These same factors are evident during the COVID-19 pan-
demic. The Ebola epidemic disrupted the distribution of
insecticide-treated bednets (ITNs), potentially resulting in in-
creased malaria transmission, whereas poor access to malaria
treatment was associated with dramatic increases in deaths in
children.'® Management of COVID-19 must be combined with
support for malaria treatment and prevention programs.2° This will
need to be maintained until COVID-19 is arrested. Established
malaria intervention programs and innovative approaches such as
targeted mass development administration programs and en-
hanced distribution of ITNs will play a key role in preventing dra-
matic increases in malaria deaths," but the disruption of economic
activities due to COVID-19 challenges the implementation and
prioritization of these programs.?® The effects of the pandemic on
the fight against malaria and other infectious diseases could be
disastrous, threatening to reverse progress made over the years.
New modeling studies by the WHO show that if health systems
collapse or treatment and prevention services are interrupted, the
death toll from malaria could double over the years.®

Although COVID-19 is less often severe in children and preg-
nant women?%22 than in old people, these groups would bear a
disproportionate burden of excess malaria mortality arising from
COVID-19-related disruption of health systems and malaria
control programs, particularly in sub-Saharan Africa. Recently,
the Malaria Atlas Project modeled these potential impacts in
Africa for the WHO’s Global Malaria Program.2* A range of sce-
narios was considered, such as ceasing ITN distribution cam-
paigns planned for 2020, reductions of routine ITN distribution,
and reduced access to effective antimalarial drugs. In the worst-
case scenario, a 75% decrease in ITN distribution coupled with a
75% decrease in access to artemisinin combination therapies
(ACTs) was predicted to resultin a22% increase in malaria cases,
and doubling of malaria deaths within a year to 769,000,%° 70% of
them in children younger than 5 years.2%2"These models do not
include additional increases in malaria that could result from
disruptions in the distribution of (which currently protects 19
million children in 12 countries)®® and intermittent preventive
treatment in pregnancy seasonal malaria chemoprevention
(which protects pregnant women and their babies in 36 African
countries from malaria in pregnancy and low birth weight).'® With
the high prevalence of malarial cases in Africa, there is need for
the direct response to COVID-19 to be integrated with efforts to
control malaria.?®

Malaria healthcare workers are frequently reassigned from
malaria intervention programs to support COVID-19 response ef-
forts and are themselves at high risk of COVID-19 in Africa.28%°
Regardless of the risks, adequate personal protective equipment is
often lacking, and workers suffer the stigma of being potential
sources of viral infection.®3! Malaria elimination and intervention

programs must reach marginalized groups living in remote and
border areas,* but these programs face setbacks because of lo-
gistic or economic reasons associated with COVID-19, putting
communities at risk.333* These complex issues pose a serious
challenge to the provision of health care and monitoring for malaria
and reduce elimination efforts.

REPURPOSING ANTIMALARIALS FOR THE TREATMENT
OF COVID-19

Artemisinin combination therapy is used to treat malaria in
most endemic countries, but artemisinin resistance emerged
in Southeast Asia.®>*® Recently, Madagascar reported a tonic
of Artemisia annua, a plant that contains artemisinin, as a
potential cure for COVID-19.%” The plant extract is likely to be
officially or illicitly adopted for COVID-19 therapy by many
countries in a desperate attempt to avert COVID-19-related
deaths despite the WHO warning against its use without es-
tablishment of efficacy.

Although the WHO discourages the use of the Artemisia herb
against malaria,®® alternative medicine and pharmaceutical in-
dustries are likely to exploit the plant for SARS-CoV-2 treatment.
Any widespread use of Artemisia for SARS-CoV-2 infections
may potentiate the development of artemisinin resistance, en-
dangering the efficacies of first-line ACT regimes.>®*° The an-
timalarial drugs chloroquine and hydroxychloroquine are heavily
used for the management of SARS-CoV-2 despite limited evi-
dence for efficacy*' and against the advice of the WHO.*?

The use of chloroquine to treat malaria had been officially
discontinued in most endemic areas owing to drug resistance,
but recent studies have shown decreasing resistance and
suggested reintroduction for malaria treatment.*>** The
heavy use of chloroquine and its derivatives in COVID-19
treatment is likely to facilitate selection of chloroquine-
resistant malaria parasites. This will hinder the possible use
of chloroquine and its derivatives in the fight against malaria in
the future, and thus potentially dampen the prospects of
malaria elimination from Africa.

The world is fully focusing on COVID-19 at the expense of
other endemic diseases, such as malaria, that also have high
rates of mortality, especially in low-income countries. For in-
stance, an outbreak of malaria in Zimbabwe resulted in at least
131 deaths during the SARS-CoV-2 lockdown in that country.*®

Cameroon reported a substantial upsurge in malaria cases
and deaths during the COVID-19 pandemic.*® The malaria
deaths in Zimbabwe and Cameroon were attributed to short-
ages of malaria drugs and lack of access to medical facili-
ties.*® This trend is likely to be replicated in other African
countries. In view of this, the WHO is calling for attention to-
ward malaria interventions while responding to the pandemic
to avoid the unintended consequences of COVID-19 on
malaria in Africa.*” One way to mitigate this loss of attention to
malaria is to consider both COVID-19 and malaria diagnoses
in cases of fever.3048

SHIFTING ANTIGEN (OR ANTIBODY)-BASED MALARIA
RAPID DIAGNOSTIC TEST (MRDT) PRODUCTION TO
COVID-19 RAPID DIAGNOSTIC TEST (RDT)

There is evidence that companies are shifting their mRDT
production focus and repurposing the production pipelines to
COVID-19 RDTs.2® Rapid diagnostic tests are the most widely
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used diagnostic tools for malaria.*® Therefore, the shortage of
mRDTs as a direct result of these actions will potentially
jeopardize the WHO test, treat, and track policy for malaria
control.'" It is also feared a shortage of mMRDTs may result in
presumptive treatment of all fevers as malaria, with associated
costimplications and increased risk of selection of antimalarial
drug resistance.?®

CONCLUSION AND RECOMMENDATIONS

COVID-19 is likely to impact the global economy and health, in
unmatched proportions, particularly for weak and vulnerable
economies and public health systems in Africa. Increased conti-
nental disease surveillance and relevant research are required to
understand the implications of the current COVID-19 pandemic on
other endemic infectious diseases in Africa. The Africa Centre for
Disease Control must use its leverage within the African Union to
encourage the allocation of funds by member states for disease
surveillance, local scientific research, and interventions. Repur-
posing of antimalarials and the development of diagnostics for
COVID-19 must be handled in a manner that does not jeopardize
the gains made in controlling malaria and other endemic diseases.
Malaria diagnostics could be coupled with COVID-19 screening to
avoid misdiagnosis and enable ready management of both infec-
tions. Neglecting malaria in favor of COVID-19 could prove cata-
strophic for global health, particularly in Africa.

Received September 11, 2020. Accepted for publication November 3,
2020.

Published online November 11, 2020.

Acknowledgment: Publication charges for this article were waived due
to the ongoing pandemic of COVID-19.

Authors’ addresses: Abdullahi Tunde Aborode, Healthy Africans
Platform, Research and Development Hub, Ibadan, NigeriaBrain
Builder Initiatives, Research Directorate, llorin, Nigeria, E-mail:
ambassadorabdullah0@gmail.com. Kenneth Bitrus David, Hull York
Medical School, University of Hull, Hull, United Kingdom, and Faculty
of Pharmaceutical Sciences, Kaduna State University, Kaduna,
Nigeria, E-mail: kennethdavidb@gmail.com. Olivier Uwishema, De-
partment of General Medicine, Karadeniz Technical University, Tur-
key, E-mail: uwolivieri@ktu.edu.tr. AgbendehLubem Nathaniel,
BRAC James P. Grant School of Public Health, BRAC University,
Bangladesh, E-mail: nathanielubem@gmail.com. Jegede Oluwatoyin
Imisioluwa, Department of Human Kinetics and Health Education,
Adekunle Ajasin University, Akungba Akoko, Nigeria, E-mail:
jegedetoyin501@yahoo.com. Sherifdeen Bamidele Onigbinde, De-
partment of Biochemistry, Federal University of Agriculture, Abeokuta,
Nigeria, E-mail: sherifbamidele@gmail.com. Fozia Farooq, Faculty of
Pharmaceutical Science, University of Sindh, Jamshoro, Pakistan,
E-mail: faziafaroog@gmail.com.

This is an open-access article distributed under the terms of the
Creative Commons Attribution (CC-BY) License, which permits un-
restricted use, distribution, and reproduction in any medium, provided
the original author and source are credited.

REFERENCES

1. WHO, 2018. World Malaria Report 2019. World Health Organiza-
tion. Available at: https://www.who.int/malaria/publications/
world-malaria-report2019/en/. Accessed April 16, 2020.

2. WHO, 2020. WHO Q&A on the Malaria Vaccine Implementation
Programme (MVIP). Available at: https://www.who.int/malaria/
media/malariavaccine-implementation-ga/en/. Accessed June
3, 2020.

3. Hoffmann M, Kleine-Weber H, Schroeder S, Kriiger N, Herrler T,
Erichsen S, 2020. SARS-CoV-2 cell entry depends on ACE2

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

and TMPRSS2 and is blocked by a clinically proven protease
inhibitor. Cell 181: 271-280.

. Aborode A, Aiyenuro A, Ogunsola S, Adesewa V, Zakariyah M,

2020. Risk of COVID-19 on diabetes mellitus and hypertension.
Preprint. doi: 10.20944/preprints202009.0029.v1.

. Haakenstad A, Harle A, Tsakalos G, Micah A, Tao T, Anjomshoa M, 2019.

Tracking spending on malaria by source in 106 countries, 2000-16: an
economic modeling study. Lancet Infect Dis 19: 703-716.

. WHO, 2014. WHO severe malaria 2014. Trop Med Int Health 19:

7-131.

. Dhochak N, Singhal T, Kabra SK, Lodha R, 2020. Pathophysiol-

ogy of COVID-19: why children fare better than adults? Indian J
Pediatr 14: 1-10.

. YanR, Zhang Y, LiY, XiaL, Guo Y, Zhou Q, 2020. Structural basis

for the recognition of SARS-CoV-2 by full length human ACE2.
Science 367: 1444-1448.

. Zhou P, Yang X, Wang X, Hu B, Zhang L, Zhang W, 2020. A

pneumonia outbreak associated with a new coronavirus of
probable bat origin. Nature 579: 270-273.

Cheng H, Wang Y, Wang G, 2020. Organ-protective effect of
angiotensinconverting enzyme 2 and its effect on the prognosis
of COVID-19. J Med Virol 92: 726-730.

Hattori N, Ushijima T, 2016. Epigenetic impact of infection on carci-
nogenesis: mechanisms and applications. Genome Med 8: 10.
Rogerson SJ, Beeson JG, Laman M, Poespoprodjo JR, William T,
Simpson JA, Price RN, 2020. Identifying and combating the

impacts of COVID-19 on malaria. BMC Med 18: 239.

David KB, Solomon JK, Yunusal, Lawal BK, Marshal CS, Okereke
M, Ozuluoha CC, 2020. Telemedicine: an imperative concept
during covid-19 pandemic in Africa. Pan Med Afr J 35: 129.

Dada DA, Aku E, David KB, 2020. COVID-19 pandemic and
antiretrovirals (ARV) availability in Nigeria: recommendations to
prevent shortages. Pan Afr J 35: 149.

Najera JA, Kouznetsov RL, Delacollette C, 1998. Malaria Epi-
demics: Detection and Control, Forecasting and Prevention.
Geneva, Switzerland: World Health Organization.

Cohen JM, Smith DL, Cotter C, Ward A, Yamey G, Sabot OJ,
2012. Malariaresurgence: a systematic review and assessment
of its causes. Malar J 11: 122.

Parpia AS, Ndeffo-Mbah ML, Wenzel NS, Galvani AP, 2016. Ef-
fects of response to 2014-2015 Ebola outbreak on deaths from
malaria, HIV/AIDS, and tuberculosis, West Africa. Emerg Infect
Dis 22: 433-441.

Hamel MJ, Slutsker L, 2015. Ebola: the hidden toll. Lancet Infect
Dis 15: 756-757.

Walker PG, White MT, Griffin JT, Reynolds A, Ferguson NM, Ghani
AC, 2015. Malaria morbidity and mortality in Ebola-affected
countries caused by decreased health-care capacity, and the
potential effect of mitigation strategies: a modelling analysis.
Lancet Infect Dis 15: 825-832.

Blitz MJ, Grunebaum A, Tekbali A, Bornstein E, Rochelson B,
Nimaroff M, Chervenak FA, 2020. Intensive care unit admis-
sions for pregnant and non-pregnant women with COVID-19.
Am J Obstet Gynecol 223: 290-291.

WHO, 2020. Tailoring Malaria Interventions in the COVID-19 Re-
sponse. Geneva, Switzerland: World Health Organization.

WHO, 2014. Guidance on Temporary Malaria Control Measures in
Ebola-Affected Countries. Geneva, Switzerland:World Health
Organization. Contract No.: WHO/HTM/GMP/2014.10.

Qiu H, Wu J, Hong L, Luo Y, Song Q, Chen D, 2020. Clinical and
epidemiological features of 36 children with coronavirus dis-
ease 2019 (COVID-19) in Zhejiang, China: an observational
cohort study. Lancet Infect Dis 20: 689-696.

WHO, 2020. The Potential Impact of Health Service Disruptions on
the Burden of Malaria: a Modelling Analysis for Countries in Sub-
saharan Africa. Geneva, Switzerland: World Health Organization.

WHO, 2020. Advice on the Use of Point-of-Care Immunodiag-
nostic Tests for COVID-19. Available at: https://www.who.int/
news-room/commentaries/detail/advice-on-the-use-of-point-
of-careimmunodiagnostic-tests-for-covid-19. Accessed Sep-
tember 5, 2020.

Gallego-Delgado J, Rodriguez A, 2014. Malaria and hypertension.
Another co-evolutionary adaptation? Understanding SARS-
CoV-2-mediated inflammatory responses: from mechanisms
to potential therapeutic tools. Front Cell Infect Microbiol 4: 121.


mailto:ambassadorabdullah0@gmail.com
mailto:kennethdavidb@gmail.com
mailto:uwolivier1@ktu.edu.tr
mailto:nathanielubem@gmail.com
mailto:jegedetoyin501@yahoo.com
mailto:sherifbamidele@gmail.com
mailto:faziafarooq@gmail.com
https://creativecommons.org/licenses/by/4.0/
https://www.who.int/malaria/publications/world-malaria-report2019/en/
https://www.who.int/malaria/publications/world-malaria-report2019/en/
https://www.who.int/malaria/media/malariavaccine-implementation-qa/en/
https://www.who.int/malaria/media/malariavaccine-implementation-qa/en/
http://dx.doi.org/10.20944/preprints202009.0029.v1
https://www.who.int/%20news-room/commentaries/detail/advice-on-the-use-of-point-of-careimmunodiagnostic-tests-for-covid-19
https://www.who.int/%20news-room/commentaries/detail/advice-on-the-use-of-point-of-careimmunodiagnostic-tests-for-covid-19
https://www.who.int/%20news-room/commentaries/detail/advice-on-the-use-of-point-of-careimmunodiagnostic-tests-for-covid-19

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

FIGHTING COVID-19 AT THE EXPENSE OF MALARIA IN AFRICA 29

Saraiva VB, de Souza Silva L, Ferreira-DaSilva CT, da Silva-Filho
JL, Teixeira-Ferreira A, Perales J, 2011. Impairment of the
Plasmodium falciparum erythrocytic cycle induced by angio-
tensin peptides.PLoS One 6: e17174.

Saab YB, Gard PR, Overall ADJ, 2007. The geographic distribution of
the ACE Il genotype: a novel finding. Genet Res 89: 259-267.

Weiss DJ et al., 2020. Indirect effects of the COVID-19 pandemic
on malaria intervention coverage, morbidity, and mortality in
Africa: a geospatial modelling analysis. Lancet Infect Dis. doi:
10.1016/S1473-3099(20)30700-3.

Ademolue TW, Aniweh Y, Kusi KA, Awandare GA, 2017. Patterns
of inflammatory responses and parasite tolerance vary with
malaria transmission intensity. Malar J 16: 1-13.

Sommerstein R, Kochen MM, Messerli FH, Grani C, 2020. Coro-
navirus disease 2019 (COVID-19): do angiotensin-converting
enzyme inhibitors/angiotensin receptor blockers have a bi-
phasic effect? J Am Heart Assoc 9: e016509.

MclLean ARD et al., 2018. Malaria elimination in remote commu-
nities requires integration of malaria control activities into
general health care: an observational study and interrupted
time series analysis in Myanmar. BMC Med 16: 183.

Delanghe JR, Speeckaert MM, De Buyzere ML, 2020. The host’s
angiotensin-converting enzyme polymorphism may explain
epidemiological findings in COVID-19 infections. Clin-
icaChimicaActa 505: 192-193.

Dhangadamajhi G, Mohapatra BN, Kar SK, Ranijit M, 2010. Gene
polymorphisms in angiotensin | converting enzyme (ACE 1/D)
and angiotensin Il converting enzyme (ACE2 C — T) protect
against cerebral malaria in Indian adults. Infect Genet Evol 10:
337-341.

Noed| H, Se Y, Schaecher K, Smith B, Socheat D, Fukuda M,
2008. Evidence of artemisinin-resistant malaria in Western
Cambodia. N Engl J Med 359: 2619-2620.

Dondorp A, Nosten F, Yi P, Das D, Phyo A, Tarning J, 2009.
Artemisinin resistance in Plasmodium falciparum malaria.
N Engl J Med 361: 455-467.

Bernard FO, Akaito JA, Joseph I, David KB, 2020. COVID-19: the
trends of conspiracy theories vs. facts. Pan AfrJ 35: 147.

WHO, 2012. WHO Position Statement: Effectiveness of Non-
Pharmaceutical Forms of Artemisia Annuaagainst Malaria. Ge-
neva, Switzerland: World Health Organization. Available at:
https://www.who.int/malaria/position_statement_herbal _
remedy_artemisia_annua_l.pdf.

39.

40.

41.

42.

43.

44,

45,

46.

47.

48.

49.

Sibley CH, Hyde JE, Sims PFG, Plowe CV, Kublin JG, Mberu EK,
2001. Pyrimethamine—-sulfadoxine resistance in Plasmodium
falciparum: what next? Trends Parasitol 17: 570-571.

Picot S, Olliaro P, De Monbrison F, Bienvenu AL, Price RN,
Ringwald P, 2009. A systematic review and meta-analysis of
evidence for correlation between molecular markers of parasite
resistance and treatment outcome in falciparum malaria. Malar
J 8:89.

Funck-Brentano C, Salem JE, 2020. Chloroquine or hydroxy-
chloroquine for COVID-19: why might they be hazardous?
Lancet (London, England) 6736: 1016-1017.

Principi N, Esposito S, 2020. Chloroquine or hydroxychloroquine
for prophylaxis of COVID-19. Lancet Infect Dis 3099: 30296.
Mwanza S, Joshi S, Nambozi M, Chileshe J, Malunga P, Kabuya
JBB, 2016. The return of chloroquine-susceptible Plasmodium

falciparum malaria in Zambia. Malar J 15: 1-6.

Bwire GM, Ngasala B, Mikomangwa WP, Kilonzi M, Kamuhabwa
AAR, 2020. Detection of mutations associated with artemisinin
resistance at k13-propeller gene and a near complete return of
chloroquine susceptible falciparum malaria in Southeast of
Tanzania. Sci Rep 10: 1-7.

WHO, 2020. WHO Urges Countries to Move Quickly to Save Lives From
Malaria in Sub-Saharan Africa. Available at: https://www.who.int/
news-room/details/23-04-2020-who-urges-countries-to-move-
quickly-to-save-livesfrom-malaria-in-sub-saharan-africa. Accessed
December 5, 2020.

Kindzeka M, 2020. COVID-19 Frightens Malaria Patients in Came-
roon. Available at: https://www.voanews.com/science-health/
covid-19-frightens-malaria-patients-cameroon. Accessed No-
vember 5, 2020.

WHO, 2020. Tailoring Malaria Interventions in the COVID-19 Re-
sponse. Geneva, Switzerland: WHO. Available at: https://
www.who.int/malaria/publications/atoz/tailoring-malaria-
interventions-covid-19.pdf?ua=1. Accessed September 24,
2020.

David KB, Thomas N, Solomon JK, 2020. Epidemiological data of
COVID-19in Africa: daily cummulative index and mortality rate.
Int J Infect Control 16: 1-3. doi: 10.3396/ijic.v16i2.008.20.

Fu Y, Cheng Y, Wu Y, 2020. Understanding SARS-CoV-2-
mediated inflammatory responses: from mechanisms to po-
tential therapeutic tools. Virol Sin 35: 1-6.


http://dx.doi.org/10.1016/S1473-3099(20)30700-3
https://www.who.int/malaria/position_statement_herbal_remedy_artemisia_annua_l.pdf
https://www.who.int/malaria/position_statement_herbal_remedy_artemisia_annua_l.pdf
https://www.who.int/news-room/%20details/23-04-2020-who-urges-countries-to-move-quickly-to-save-livesfrom-malaria-in-sub-saharan-africa
https://www.who.int/news-room/%20details/23-04-2020-who-urges-countries-to-move-quickly-to-save-livesfrom-malaria-in-sub-saharan-africa
https://www.who.int/news-room/%20details/23-04-2020-who-urges-countries-to-move-quickly-to-save-livesfrom-malaria-in-sub-saharan-africa
https://www.voanews.com/science-health/covid-19-%20frightens-malaria-patients-cameroon
https://www.voanews.com/science-health/covid-19-%20frightens-malaria-patients-cameroon
https://www.who.int/malaria/publications/atoz/%20tailoring-malaria-interventions-covid-19.pdf?ua=1
https://www.who.int/malaria/publications/atoz/%20tailoring-malaria-interventions-covid-19.pdf?ua=1
https://www.who.int/malaria/publications/atoz/%20tailoring-malaria-interventions-covid-19.pdf?ua=1
http://dx.doi.org/10.3396/ijic.v16i2.008.20

