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Is Coronavirus Disease 2019 (COVID-19) seen less in countries more exposed to Malaria? n

To the editor,

The Coronavirus Disease 2019 (COVID-19), caused by severe acute
respiratory syndrome coronavirus 2 (SARS-CoV-2) emerged in
December 2019 and continues to spread worldwide with the increasing
number of cases. The disease poses a major threat to public health
worldwide. As of April 2, 2020, a total of 896.450 confirmed cases of
COVID-19 and 45.526 deaths have been reported worldwide [1]. It is
noteworthy that the number of confirmed cases is relatively low in
countries such as Nigeria (n = 139), the Democratic Republic of the
Congo (n = 22), Uganda (n = 44), Cote d’ Ivoire (n = 190), Mo-
zambique (n = 10), and Niger (n = 74), especially where malaria is
common [1,2]. Nigeria (25%), Democratic Republic of the Congo
(12%), Uganda (5%), Cote d’ Ivoire (4%), Mozambique (4%) and Niger
(4%) are accounted for more than half of all global malaria burden [2].
The World Health Organization is working hard on disease prevention,
control, transportation of protective equipment and laboratory test kits.

SARS-CoV-2 shares similar genetic sequences and viral structures
with severe acute Respiratory Syndrome (SARS) coronavirus and
Middle East Respiratory Syndrome (MERS) coronavirus [3]. The virus
enters the cell via angiotensin-converting enzyme 2, the cellular re-
ceptor of SARS-CoV. They stimulate immune cells and lead to clinical
manifestations resulting in ARDS by cytokine storms with over-
production of cytokines [4-6]. In this context, antiviral drugs and
therapies that modulate the immune system are required to control the
disease and reduce mortality. Many potentially effective treatments
such as remdesivir, lopinavir/ritonavir, favipiravir, steroid, plasma
transfusion, hydroxychloroquine (HCQ), and chloroquine (CQ) are used
to control the COVID-19 [7,6]. Treatment responses for CQ such as
fever reduction and improvement in CT imaging were obtained in pa-
tients [7,8]. In this context, clinical studies on CQ and HCQ are still
ongoing for COVID-19 [9].

HCQ and CQ have metabolic, anti-tumoral, anti-microbial, and an-
tithrombotic effects and used in rheumatology practice for patients with
rheumatoid arthritis and systemic lupus erythematosus [10,11]. Qui-
nacrine is beneficial for skin involvement of systemic lupus er-
ythematosus, however, it is not widely used due to its side effects [10].
Although CQ and HCQ are structurally similar, the difference is in the
hydroxyethyl group on the tertiary amino nitrogen side chain [10,12].
HCQ is less toxic of 4 amino quinolones and more soluble than CQ with
more safety and low side effect profile. Cardiotoxicity, retinal toxicity,
hypoglycemia, myopathy, hemolytic anemia, and hyperpigmentation
are some of the reported side effects [12]. Toxicity varies depending on
the high dose, long-term use, concomitant drug use, and kidney disease
[13]. The risk of retinopathy, the most noticeable side effect, is below
1% for 5 years when used in appropriate doses [13]. Therefore, HCQ is
considered to be a priority in treatment due to less side effect profile.

CQ and HCQ have immunomodulatory and anti-inflammatory ef-
fects. The weak bases in its structure enter the cytoplasmic vesicles by
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entering through the cytoplasmic membrane, thus increasing the pH
from 4.0 to 6.0, and acid-dependent subcellular functions are inhibited
[11,12]. Consequently, antigen processing in macrophages is impaired
due to the increase in pH. CQ and HCQ inhibit the pro-inflammatory
cytokines like TNF-a, IL-1, and IFN-y, intracellular Toll-like receptor
(TLR) 7/9 and downregulate TLR-mediated signal transduction
[6,11,12]. Another aspect of antimalarials is the reduction of auto-
immunity by the up-regulation of apoptosis and the elimination of
autoreactive lymphocytes [11]. HCQ and CQ have been shown to show
antiviral activity by inhibiting receptor binding and membrane fusion,
which play a role in the entry of coronaviruses into the cell [10,11].
Moreover, the replication of the virus is blocked due to the change in
pH required for lysosome and enzyme activities. Due to the mechanisms
of action of these drugs, overactivation of the immune system triggered
by SARS-CoV-2 may be suppressed and the progression to severe dis-
ease may be slowed [6]. In addition, it is suggested that CQ and HCQ
could potentially be beneficial, also with low cost, wide use worldwide
including rheumatic disease and lower side effect profile [10,11]. In-
hibition of the virus in cells treated with CQ before or after infection
suggested that CQ is both prophylactic and therapeutically advanta-
geous. However, there is no evidence of prophylactic use in guidelines.
CQ has also been used worldwide for malaria treatment and prophy-
laxis over the years, and CQ has been shown to inhibit coronavirus
replication [8,14].

Malaria is one of the most devastating parasitic disease faced by
humanity across the world and remains a crucial public health chal-
lenge mostly in poor tropical and subtropical areas of the world espe-
cially Africa, Asia, Europe, America. WHO took the initiative to eradi-
cate malaria across the world between and reduced malaria
transmission and even eliminated. Many associations have taken re-
markable steps and more than 100 countries have eliminated malaria in
the past century. To date, many countries have developed national
elimination goals, regional networks to eliminate malaria and elim-
ination strategies were implemented [15]. Both Asia Pacific Leaders
Malaria Alliance and African Leaders Malaria Alliance aimed to elim-
inate malaria by 2030 [16,17]. Since 2000, 19 countries have elimi-
nated malaria; of these, 10 have been certified as malaria-free by the
WHO between 2007 and 2019 [2].

The major strategies for the prevention of malaria mainly rely on
vector control management to reduce the risk of vector-human contact
and disease management through early detection methods and che-
moprevention. Aryl amino alcohol compounds (such as quinine,
chloroquine, lumefantrine, etc.), antifolate compounds (such as pyr-
imethamine, proguanil, etc.) and artemisinin compounds (such as ar-
temisinin, artesunate, etc.) are common antimalarial drugs for malaria
treatment [18]. Amodiaquine, CQ, and primaquine (PQ) were the main
components of presumptive, Plasmodium falciparum and Plasmodium
vivax malaria treatment [19,20]. CQ had been the main component of
Plasmodium falciparum until CQ resistance was first identified [21]


http://www.sciencedirect.com/science/journal/03069877
https://www.elsevier.com/locate/mehy
https://doi.org/10.1016/j.mehy.2020.109756
https://doi.org/10.1016/j.mehy.2020.109756
https://doi.org/10.1016/j.mehy.2020.109756
http://crossmark.crossref.org/dialog/?doi=10.1016/j.mehy.2020.109756&domain=pdf

Despite reduced use, CQ use maintained for uncomplicated Plasmodium
falciparum malaria until 2000 [21]. HCQ has been reported to be less
active and less toxic to Plasmodium falciparum malaria than CQ [8].
Plasmodium vivax treatment was recommended to be continued by the
use of CQ (25 mg/kg over 3 days) + PQ (0.25 mg/kg) for 14 days. For
P. falciparum treatment, oral Quinine (QN) + tetracycline or doxycy-
cline was recommended when the treatment with CQ and AS + SP
failed. However, a single dose of CQ was no longer recommended for
presumptive treatment.

Malarial drug use trends changed from CQ or SP to ACTs in African
countries in the following years. Long after years, the reduction in the
CQ use caused the reduction in drug pressure leading the return of
susceptible parasite populations [22]. This is followed by the use of CQ
again and CQ is still commonly used in the treatment of febrile illness
children [23]. For long term chemoprophylaxis, 5 mg/kg body weight
(up to 250 mg) weekly mefloquine is recommended to be continued two
weeks before, during, and four weeks after departure from the area
[24]. Today, CQ is not recommended for P. falciparum treatment in
Africa. However, CQ use has persisted for many years especially in
private sectors since CQ and SP are cheaper than ACT and available in
the marketplace widely [23].

Consequently, although the number of tests and health data carried
out in Africa and especially in the malaria-intensive regions is not clear,
this situation will become more clear with further analysis in the post-
pandemic period. Perhaps it will be thought that the use of HCQ can
provide protection for COVID-19.

Declaration of Competing Interest

The authors declare that they have no known competing financial
interests or personal relationships that could have appeared to influ-
ence the work reported in this paper.

References

[1] https://www.who.int/emergencies/diseases/novel-coronavirus-2019/situation-
reports.

[2] https://www.who.int/news-room/feature-stories/detail/world-malaria-report-
2019.

[3] Xu X, Chen P, Wang J, et al. Evolution of the novel coronavirus fromthe ongoing
Wuhan outbreak and modeling of its spike protein for risk of human transmission.
Sci. China Life Sci. 2020;63:457-60.

[4] Roncati L, Gallo G, Manenti A, Palmieri B. Renin-angiotensin system: the un-
expected flaw inside the human immune system revealed by SARS-CoV-2. Med.
Hypotheses 2020;21(140):109686.

[5] Shimabukuro-Vornhagen A, Godel P, Subklewe M, et al. Cytokine release syndrome.
J. Immunother. Cancer 2018;6:56.

[6] Zhou D, Dai SM, Tong Q. COVID-19: a recommendation to examine the effect of

* Corresponding author.

Medical Hypotheses 140 (2020) 109756

hydroxychloroquine in preventing infection and progression. J. Antimicrob.

Chemother. 2020;20.

Cunningham AC, Goh HP, Koh D. Treatment of COVID-19: old tricks for new

challenges. Crit. Care 2020;24:91.

[8] Devaux CA, Rolain JM, Colson P, et al. New insights on the antiviral effects of
chloroquine against coronavirus: what to expect for COVID-19? Int. J. Antimicrob.
Agents 2020;11:105938.

[9] https://clinicaltrials.gov/ct2/results?cond = hydroxychloroquine + corona.

[10] Schrezenmeier E, Dorner T. Mechanisms of action of hydroxychloroquine and
chloroquine: implications for rheumatology. Nat. Rev. Rheumatol.
2020;16:155-66.

[11] Thabah M, Ravindran V. Antimalarials in rheumatology: expanding therapeutic
Armamentarium. Indian J. Rhuematol. 2015;10:51-2.

[12] Plantone D, Koudriavtseva T. Current and future use of chloroquine and hydroxy-
chloroquine in infectious, immune, neoplastic, and neurological diseases: a mini-
review. Clin. Drug Investig. 2018;38:653-71.

[13] Couturier A, Giocanti-Aurégan A, Dupas B, et al. Update on recommendations for
screening for hydroxychloroquine retinopathy. J. Fr. Ophtalmol. 2017;40:793-800.

[14] Rolain JM, Colson P, Raoult D. Recycling of chloroquine and its hydroxyl analogue
to face bacterial, fungal and viral infections in the 21st century. Int. J. Antimicrob.
Agents 2007;30:297-308.

[15] Newby G, Bennett A, Larson E, et al. The path to eradication: a progress report on
the malaria-eliminating countries. Lancet 2016;387:1775-84.

[16] http://aplma.org/blog/22/asia-pacific-at-the-forefront-of-a-global-movement-to-
eliminate-malaria/.

[17] United Nations. 2015. African Leaders Call for Elimination of Malaria by 2030.
Office of the UN Secretary-General’s Special Envoy for Financing the Health
Millennium Development Goals and for Malaria. MDG Health Envoy-News,
February 3.

[18] Institute of Medicine (US) Committee on the Economics of Antimalarial Drugs,
Arrow KJ, Panosian C, Gelband H, eds. Saving Lives, Buying Time: Economics of
Malaria Drugs in an Age of Resistance. Washington (DC): National Academies Press
(US); 2004.

[19] Anvikar AR, Arora U, Sonal GS, et al. Antimalarial drug policy in India: past, present
& future. Indian J. Med. Res. 2014;139:205-15.

[20] Sehgal PN, Sharma MID, Sharma SL, et al. Resistance to chloroquine in falciparum
malaria in Assam state, India. J. Commun. Dis 1973;5:175-80.

[21] Nuwaha F. The challenge of chloroquine-resistant malaria in sub-Saharan Africa.
Health Policy Plan. 2001;16:1-12.

[22] Frosch AE, Venkatesan M, Laufer MK. Patterns of chloroquine use and resistance in
sub-Saharan Africa: a systematic review of household survey and molecular data.
Malar J. 2011;10:116.

[23] O'Connell KA, Gatakaa H, Poyer S, et al. Got ACTs? Availability, price, market share
and provider knowledge of anti-malarial medicines in public and private sector
outlets in six malaria-endemic countries. Malar J. 2011;10:326.

[24] National Institute of Malaria Research (NIMR). Guidelines for Diagnosis and
Treatment of Malaria in India. second ed. New Delhi: NIMR; 2011.

[7

=

Gokhan Sargin™, Sare ilknur Yavagoglu®, Irfan Yavasoglu®

@ Department of Rheumatology, Aydin Adnan Menderes University School of
Medicine, 09100 Efeler, Aydin, Turkey

® Aydin Adnan Menderes University, Faculty of Science and Letters,
Department of Ecology, 09100 Efeler, Aydin, Turkey

¢ Department of Hematology, Aydin Adnan Menderes University School of
Medicine, 09100, Efeler, Aydin, Turkey

E-mail address: gokhan_sargin@hotmail.com (G. Sargin).


https://www.who.int/emergencies/diseases/novel-coronavirus-2019/situation-reports
https://www.who.int/emergencies/diseases/novel-coronavirus-2019/situation-reports
https://www.who.int/news-room/feature-stories/detail/world-malaria-report-2019
https://www.who.int/news-room/feature-stories/detail/world-malaria-report-2019
http://refhub.elsevier.com/S0306-9877(20)30658-7/h0015
http://refhub.elsevier.com/S0306-9877(20)30658-7/h0015
http://refhub.elsevier.com/S0306-9877(20)30658-7/h0015
http://refhub.elsevier.com/S0306-9877(20)30658-7/h0020
http://refhub.elsevier.com/S0306-9877(20)30658-7/h0020
http://refhub.elsevier.com/S0306-9877(20)30658-7/h0020
http://refhub.elsevier.com/S0306-9877(20)30658-7/h0025
http://refhub.elsevier.com/S0306-9877(20)30658-7/h0025
http://refhub.elsevier.com/S0306-9877(20)30658-7/h0030
http://refhub.elsevier.com/S0306-9877(20)30658-7/h0030
http://refhub.elsevier.com/S0306-9877(20)30658-7/h0030
http://refhub.elsevier.com/S0306-9877(20)30658-7/h0035
http://refhub.elsevier.com/S0306-9877(20)30658-7/h0035
http://refhub.elsevier.com/S0306-9877(20)30658-7/h0040
http://refhub.elsevier.com/S0306-9877(20)30658-7/h0040
http://refhub.elsevier.com/S0306-9877(20)30658-7/h0040
https://clinicaltrials.gov/ct2/results%3fcond%3dhydroxychloroquine%2bcorona
http://refhub.elsevier.com/S0306-9877(20)30658-7/h0050
http://refhub.elsevier.com/S0306-9877(20)30658-7/h0050
http://refhub.elsevier.com/S0306-9877(20)30658-7/h0050
http://refhub.elsevier.com/S0306-9877(20)30658-7/h0055
http://refhub.elsevier.com/S0306-9877(20)30658-7/h0055
http://refhub.elsevier.com/S0306-9877(20)30658-7/h0060
http://refhub.elsevier.com/S0306-9877(20)30658-7/h0060
http://refhub.elsevier.com/S0306-9877(20)30658-7/h0060
http://refhub.elsevier.com/S0306-9877(20)30658-7/h0065
http://refhub.elsevier.com/S0306-9877(20)30658-7/h0065
http://refhub.elsevier.com/S0306-9877(20)30658-7/h0070
http://refhub.elsevier.com/S0306-9877(20)30658-7/h0070
http://refhub.elsevier.com/S0306-9877(20)30658-7/h0070
http://refhub.elsevier.com/S0306-9877(20)30658-7/h0075
http://refhub.elsevier.com/S0306-9877(20)30658-7/h0075
http://aplma.org/blog/22/asia-pacific-at-the-forefront-of-a-global-movement-to-eliminate-malaria/
http://aplma.org/blog/22/asia-pacific-at-the-forefront-of-a-global-movement-to-eliminate-malaria/
http://refhub.elsevier.com/S0306-9877(20)30658-7/h0095
http://refhub.elsevier.com/S0306-9877(20)30658-7/h0095
http://refhub.elsevier.com/S0306-9877(20)30658-7/h0100
http://refhub.elsevier.com/S0306-9877(20)30658-7/h0100
http://refhub.elsevier.com/S0306-9877(20)30658-7/h0105
http://refhub.elsevier.com/S0306-9877(20)30658-7/h0105
http://refhub.elsevier.com/S0306-9877(20)30658-7/h0110
http://refhub.elsevier.com/S0306-9877(20)30658-7/h0110
http://refhub.elsevier.com/S0306-9877(20)30658-7/h0110
http://refhub.elsevier.com/S0306-9877(20)30658-7/h0115
http://refhub.elsevier.com/S0306-9877(20)30658-7/h0115
http://refhub.elsevier.com/S0306-9877(20)30658-7/h0115
http://refhub.elsevier.com/S0306-9877(20)30658-7/h0120
http://refhub.elsevier.com/S0306-9877(20)30658-7/h0120
mailto:gokhan_sargin@hotmail.com

