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Letter to the Editor 

No evidence that chloroquine or hydroxychloroquine induce hemolysis in G6PD deficiency☆     

To the Editor,  

Hydroxychloroquine and chloroquine have come under intense 
scrutiny over the past six months as they have been proposed as 
treatments for COVID-19. It is widely quoted and stated that the 4- 
aminoquinolines chloroquine and hydroxychloroquine cause oxidant 
hemolysis in glucose-6-phosphate dehydrogenase (G6PD) deficiency, 
yet there is no convincing evidence for this claim, and there is sub-
stantial evidence against it. X-linked G6PD deficiency is the most 
common human enzymopathy. It affects an estimated 400 million 
people worldwide with average allelic frequencies of 8–10% in popu-
lations living in or originating from tropical areas [1]. Billions of 
chloroquine treatments have been given in these malaria endemic 
areas, and millions have received hydroxychloroquine for rheumato-
logical conditions. As a result, hundreds of millions of people with 
G6PD deficiency have received these drugs. Chloroquine has been used 
safely, and without evidence of iatrogenic hemolysis for over six dec-
ades in both the prevention and the treatment of malaria, even in 
countries with the most severe G6PD deficiency variants. 

The 4-aminoquinolines were developed as antimalarials because 
they were more effective and less toxic than their predecessors- the 8- 
aminoquinolines. Notably they lacked hemolytic toxicity. The oxidative 
and hemolytic effects of the 8-aminoquinolines were apparent in early 
clinical testing nearly 100 years ago [2,3]. Investigation of primaquine 
“sensitivity” ultimately led to the discovery of G6PD deficiency in 1956 
[4]. This provided a common mechanism for hemolytic reactions to 
different drugs, chemicals and oxidant foods [1,5,6]. Both the dose of 
the stressor and the genetic background determined the final hemolytic 
outcome. Today, over 200 different polymorphic genetic variants 
causing G6PD enzymatic deficiency have been described. The A- gen-
otype prevalent across Africa confers generally less severe deficiency 
than the variants prevalent across Southern Europe and Asia, but severe 
hemolysis may occur in any of the variants. Being X-linked, males are 
either normal or fully deficient whereas women can be phenotypically 
normal, fully deficient or have intermediate levels of enzymatic ac-
tivity. Hemolysis in G6PD deficiency may be provoked by oxidant drugs 
(e.g. primaquine), chemical exposures (e.g. naphthalene moth balls), 
dyes (e.g. henna), foods (e.g. fava beans), or febrile illnesses (e.g. ma-
laria or COVID-19). A decade after the discovery of G6PD deficiency as 
the cause of drug-induced hemolysis, a survey of 73 episodes of he-
molysis in a hospital in New York City suggested that infection was the 
most common precipitating factor of hemolytic anemia among G6PD- 
deficient patients [7]. Hemolysis in G6PD deficiency sufficient to cause 
black urine (blackwater) may occur occasionally without an identified 
precipitant. 

Chloroquine and hydroxychloroquine have been shown to exert 
some antioxidant and oxidant effects in vivo [8]. As with other redox 
active compounds the redox activity of these drugs may reflect the in-
tracellular or extracellular redox potential. In normal individuals 
chloroquine does not cause clinically significant methemoglobinemia. A 
clinically insignificant approximately three-fold rise in methemoglobin 
levels (compared with 15-fold rise following primaquine) was observed 
in individuals with genetic deficiency of the main methemoglobin re-
ductase (NADH-cytochrome b5-methemoglobin reductase) [9]. In the 
original detailed investigations of G6PD deficiency conducted in the 
late 1950s and 1960s, summarized by Beutler [10], chloroquine was 
included in the list of drugs that could be administered safely to in-
dividuals who were G6PD deficient. By this time hundreds of millions of 
prevention and treatment regimens were being given to populations 
with G6PD deficiency allele frequencies up to 30%. 

There are very few case reports suggesting that chloroquine might 
cause hemolysis in G6PD deficiency. The letter by Sicard in 1978 de-
scribing a partially completed study from Laos (where G6PD deficiency 
prevalence was estimated to be around 13%) is unusual. “When a single 
high dose of chloroquine (600 mg) was given routinely to soldiers for 
malaria prophylaxis, some of them had very severe hemolytic anaemia, 
with ‘coca-cola’ urine and acute renal failure. 50 such cases were 
thoroughly investigated. All were G6PD deficient and the alleged di-
agnosis of blackwater fever could be ruled out” [11]. Nothing else like 
this has ever been reported since. It may be relevant that at that time a 
combined chloroquine-primaquine medication was commonly used by 
militaries and that later reports of chloroquine-induced hemolysis 
might have used the same combination [12]. A recent meta-analysis of 
3421 chloroquine treated patients with vivax malaria found no evi-
dence for hemolysis above that associated with malaria itself [13]. It is 
highly unlikely that significant oxidant hemolysis following treatment 
with chloroquine alone would remained unnoticed in the hundreds of 
millions of occasions that chloroquine has been given to prevent or treat 
malaria in patients who were G6PD deficient. Similarly, use of hydro-
xychloroquine in rheumatological conditions is not associated with 
hemolysis in G6PD deficient individuals [14]. Furthermore, hemolysis 
and methemoglobinemia are not features of chloroquine overdose, even 
though chloroquine was commonly used in self-poisoning in malaria 
endemic regions where G6PD deficiency prevalences are high. 

Hemolysis in G6PD deficient patients treated with chloroquine for 
malaria is most likely explained by the febrile illness. This same applies 
to COVID-19. Beauverd et al. recently reported a case of a severe he-
molysis in G6PD deficiency attributed partly to hydroxychloroquine use 
[15]. But the hemolysis clearly pre-dated the addition of hydroxy-
chloroquine [16]. Kuipers et al. report a 2.5 g fall in hemoglobin con-
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centration within 12 h of starting chloroquine in a man with the A- 
variant of G6PD deficiency [17]. This is not the pattern seen in pri-
maquine or dapsone induced hemolysis in G6PD deficiency in which 
the fall in hemoglobin is typically delayed by more than one day as 
residual erythrocytic stores of antioxidants are depleted. The other case 
reports are also satisfactorily explained by disease rather than drug 
induced hemolysis [18]. In conclusion, there is no evidence that 
chloroquine or hydroxychloroquine provoke oxidant hemolysis in 
G6PD deficient individuals. 

References 

[1] M.D. Cappellini, G. Fiorelli, Glucose-6-phosphate dehydrogenase deficiency, Lancet 
371 (9606) (2008) 64–74. 

[2] P. Muhlens, Die Behandlung der Naturlichen Malaria Infectionen mit Plasmochin, 
Arch f Schiffs u Trop Hyg. xxx (3) (1926). 

[3] W. Cordes, Toxic Effects of Plasmochin. 16th Annual Report, Medical Dept, United 
Fruit Co, 1927, p. 62 (Carson PE). 

[4] A.S. Alving, P.E. Carson, C.L. Flanagan, C.E. Ickes, Enzymatic deficiency in pri-
maquine-sensitive erythrocytes, Science 124 (3220) (1956) 484–485. 

[5] P. Larizza, P. Brunetti, F. Grignani, S. Ventura, Primaquine sensitivity in patients 
with favism; possibility of producing haemolytic episodes in patients with favism by 
the administration of primaquine, Minerva Med. 49 (80) (1958) 3769–3773. 

[6] A.R. Tarlov, G.J. Brewer, P.E. Carson, A.S. Alving, Primaquine sensitivity. Glucose- 
6-phosphate dehydrogenase deficiency: an inborn error of metabolism of medical 
and biological significance, Arch. Intern. Med. 109 (1962) 209–234. 

[7] E.R. Burka, Z. Weaver III, P.A. Marks, Clinical spectrum of hemolytic anemia as-
sociated with G 6 PD deficiency, Ann. Intern. Med. 64 (1966) 817–825. 

[8] F. Giovanella, G.K. Ferreira, S.D. de Pra, et al., Effects of primaquine and chlor-
oquine on oxidative stress parameters in rats, An. Acad. Bras. Cienc. 87 (2 Suppl) 
(2015) 1487–1496. 

[9] R.J. Cohen, J.R. Sachs, D.J. Wicker, M.E. Conrad, Methemoglobinemia provoked by 
malarial chemoprophylaxis in Vietnam, N. Engl. J. Med. 279 (21) (1968) 
1127–1131. 

[10] E. Beutler, G6PD deficiency, Blood 84 (1994) 3613–3636. 
[11] D. Sicard, J.C. Kaplan, D. Labie, Haemoglobinopathies and G6PD. Deficiency in 

Laos, Lancet 2 (8089) (1978) 571–572. 
[12] V.P. Choudhry, A. Ghafary, M. Zaher, M.A. Qureshi, I. Fazel, R. Ghani, Drug-in-

duced haemolysis and renal failure in children with glucose-6-phosphate dehy-
drogenase deficiency in Afghanistan, Ann. Trop. Paediatr. 10 (4) (1990) 335–338. 

[13] R.J. Commons, J.A. Simpson, K. Thriemer, et al., The effect of chloroquine dose and 
primaquine on Plasmodium vivax recurrence: a WorldWide Antimalarial Resistance 
Network systematic review and individual patient pooled meta-analysis, Lancet 
Infect. Dis. 18 (9) (2018) 1025–1034. 

[14] S. Mohammad, M.E.B. Clowse, A.M. Eudy, L.G. Criscione-Schreiber, Examination of 
hydroxychloroquine use and hemolytic anaemia in G6PDH-deficient patients, 
Arthritis Care Res (Hoboken) 70 (3) (2018) 481–485. 

[15] Y. Beauverd, Y. Adam, B. Assouline, K. Samii, COVID‐19 infection and treatment 
with hydroxychloroquine cause severe haemolysis crisis in a patient with gluco-
se‐6‐phosphate dehydrogenase deficiency, Eur. J. Haematol. (2020) 1–3, https:// 
doi.org/10.1111/ejh.13432. 

[16] T.P. Afra, R.V. Nampoothiri, T.M. Razmi, Doubtful precipitation of hemolysis by 
hydroxychloroquine in glucose-6-phosphate dehydrogenase deficient patient with 
COVID-19 infection, Eur. J. Haematol. (2020), https://doi.org/10.1111/ejh.13460. 

[17] M.T. Kuipers, R. van Zwieten, J. Heijmans, C.E. Rutten, K. de Heer, A.P. Kater, 
E. Nur, Glucose‐6‐phosphate dehydrogenase deficiency‐associated hemolysis and 
methemoglobinemia in a COVID ‐19 patient treated with chloroquine, Am. J. 
Hematol. 95 (2020) E194–E196, https://doi.org/10.1002/ajh.25862. 

[18] E. Maillart, S. Leemans, H. Van Noten, et al., A case report of serious hemolysis in a 
glucose-6-phosphate dehydrogenase-deficient COVID-19 patient receiving hydro-
xychloroquine, Infect Dis (Lond) (2020) 1–3. 

William H.K. Schillinga,c,⁎, Germana Banconeb,c, Nicholas J. Whitea,c 

a Mahidol Oxford Tropical Medicine Research Unit, Faculty of Tropical 
Medicine, Mahidol University, Bangkok, Thailand 

b Shoklo Malaria Research Unit, Mahidol-Oxford Tropical Medicine 
Research Unit, Faculty of Tropical Medicine, Mahidol University, Mae Sot, 

Thailand 
c Centre for Tropical Medicine and Global Health, Nuffield Department of 

Medicine, University of Oxford, Oxford, United Kingdom 
E-mail address: william@tropmedres.ac (W.H.K. Schilling).    

⁎ Corresponding author at: MORU, Fac of Trop Med, Mahidol Univ, 420/6 Rajvithi Road, Bangkok 10400, Thailand. 

Letter to the Editor Blood Cells, Molecules and Diseases 85 (2020) 102484

2

http://refhub.elsevier.com/S1079-9796(20)30412-5/rf0005
http://refhub.elsevier.com/S1079-9796(20)30412-5/rf0005
http://refhub.elsevier.com/S1079-9796(20)30412-5/rf0010
http://refhub.elsevier.com/S1079-9796(20)30412-5/rf0010
http://refhub.elsevier.com/S1079-9796(20)30412-5/rf0015
http://refhub.elsevier.com/S1079-9796(20)30412-5/rf0015
http://refhub.elsevier.com/S1079-9796(20)30412-5/rf0020
http://refhub.elsevier.com/S1079-9796(20)30412-5/rf0020
http://refhub.elsevier.com/S1079-9796(20)30412-5/rf0025
http://refhub.elsevier.com/S1079-9796(20)30412-5/rf0025
http://refhub.elsevier.com/S1079-9796(20)30412-5/rf0025
http://refhub.elsevier.com/S1079-9796(20)30412-5/rf0030
http://refhub.elsevier.com/S1079-9796(20)30412-5/rf0030
http://refhub.elsevier.com/S1079-9796(20)30412-5/rf0030
http://refhub.elsevier.com/S1079-9796(20)30412-5/rf0035
http://refhub.elsevier.com/S1079-9796(20)30412-5/rf0035
http://refhub.elsevier.com/S1079-9796(20)30412-5/rf0040
http://refhub.elsevier.com/S1079-9796(20)30412-5/rf0040
http://refhub.elsevier.com/S1079-9796(20)30412-5/rf0040
http://refhub.elsevier.com/S1079-9796(20)30412-5/rf0045
http://refhub.elsevier.com/S1079-9796(20)30412-5/rf0045
http://refhub.elsevier.com/S1079-9796(20)30412-5/rf0045
http://refhub.elsevier.com/S1079-9796(20)30412-5/rf0050
http://refhub.elsevier.com/S1079-9796(20)30412-5/rf0055
http://refhub.elsevier.com/S1079-9796(20)30412-5/rf0055
http://refhub.elsevier.com/S1079-9796(20)30412-5/rf0060
http://refhub.elsevier.com/S1079-9796(20)30412-5/rf0060
http://refhub.elsevier.com/S1079-9796(20)30412-5/rf0060
http://refhub.elsevier.com/S1079-9796(20)30412-5/rf0065
http://refhub.elsevier.com/S1079-9796(20)30412-5/rf0065
http://refhub.elsevier.com/S1079-9796(20)30412-5/rf0065
http://refhub.elsevier.com/S1079-9796(20)30412-5/rf0065
http://refhub.elsevier.com/S1079-9796(20)30412-5/rf0070
http://refhub.elsevier.com/S1079-9796(20)30412-5/rf0070
http://refhub.elsevier.com/S1079-9796(20)30412-5/rf0070
https://doi.org/10.1111/ejh.13432
https://doi.org/10.1111/ejh.13432
https://doi.org/10.1111/ejh.13460
https://doi.org/10.1002/ajh.25862
http://refhub.elsevier.com/S1079-9796(20)30412-5/rf0090
http://refhub.elsevier.com/S1079-9796(20)30412-5/rf0090
http://refhub.elsevier.com/S1079-9796(20)30412-5/rf0090
mailto:william@tropmedres.ac

