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tout autant de joie ! La vie est si belle, simple, magique [et hilarante] à tes côtés, la vivre avec toi est 
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Guadeloupe, vivement ton voyage en Guyane !  
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Aux copains de la fac : de la corpo, du tutorat, du Népal, du FMS et FOE.. à Julien et Christophe (sisi la 

famille) et nos mythiques virées en camion de pompier… Big up à Lola, Marie et Clem pour nos soirées 

sous-colles où l’on a excellé... en cuisine ! A ma Julie pour cette coloc sous les notes endiablées des 

HeadBangers, de Too many zooz… et de « You’re the champions » ! A ma petite Marie, je n’aurai jamais 

imaginé que partager une moustiquaire au Népal pouvait mener à une si belle amitié… Le FMS, le FOE, 

le concours fanfare : tu débordes tellement d’énergie que tu as de la motivation pour deux ; quand 

est- ce qu’on continue de changer le monde ?   

A la fanfare la Vaginale & aux VGB : la crème de la crème : Amour, Gloire, et Fanfare ! Toute cette 
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coloc à FDF et l’autre à Paris... De Mayotte aux Grenadines, toujours autant d’amour et de rire, ne 

changez rien je vous aime comme ça !  

A la fine équipe Guyanaise : Mariyam et Perrine, cette « coloc des pinces » est un souvenir 

somptueux ! Que rêver de mieux que de découvrir la Guyane avec vous… et vive le wax ! Adé, ma 

compagnonne de Saül et nos escapades de découvertes de la faune nocturnes ! Je suis si contente que 

tu aies choisi Tours comme ville d’adoption… Mon Billy, que de beaux souvenirs en provenance de 

Maripassoula et Antecume Pata ; des moments hors du temps !  

A la coloc sérénité : le hasard a tellement bien fait les choses ! Marine, Philippe, Hortiiiiille, vous avez 

accompagné avec tant d’attention et d’écoute cette dure année de labeur... Entre nos randos, soirées 
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RESUME EN FRANÇAIS 

Contexte : Plasmodium vivax est responsable de récurrences par la formation d’hypnozoïtes 

hépatiques. Pour les éviter, un traitement radical par primaquine est réalisé. La primaquine est contre-

indiquée en cas de déficit en Glucose-6-phosphate-Déshydrogénase (G6PD). En Guyane, l’activité de 

la G6PD est dosée à J14 pour éviter de méconnaitre des patients déficitaires en G6PD en contexte 

hémolytique. Le but de cette étude est d’évaluer la cinétique de la G6PD au cours d’un accès palustre 

et les facteurs associés à ses variations.  

Méthodes : Nous avons analysé l’activité de la G6PD entre J1 et J28 chez des patients traités pour une 

infection à P. vivax par chloroquine ou dérivé de l’artémisinine au CH de Cayenne entre janvier 2018 

et décembre 2020. Les patients ont été répartis dans 3 bras selon le nombre de G6PD disponible au 

cours de l’accès palustre étudié. Le bras 1 contient les patients avec plusieurs G6PD dosés, le bras 2 

ceux avec un seul G6PD dosé lors de l’accès étudié et une antériorité de G6PD connue, le bras 3 si un 

seul G6PD disponible.  

Résultats : Sur les 100 patients inclus dans l’étude de cinétique, 56 sont des hommes avec un âge 

médian de 31 ans (IQR 19 - 46.8). L’activité de la G6PD varie significativement au cours du temps 

(p = 0.004) et se stabilise à partir du troisième jour. Le sexe et le taux de réticulocytes ressortent 

comme facteurs statistiquement associés aux variations de la G6PD. 26,5% des patients ont été perdus 

de vue avant traitement par primaquine. Sur les 223 patients inclus dans l’étude de prévalence, aucun 

ne présente un déficit en G6PD sévère et seulement 1,3% présentent un déficit entre 10 et 30%.  

Conclusions : L’activité de la G6PD varie au cours du temps lors d’un accès palustre à P.vivax. Le dosage 

de la G6PD du troisième jour peut devenir la valeur de référence pour délivrer la primaquine plus tôt 

afin d’optimiser le traitement radical. Ceci permettrait notamment de diminuer les récurrences 

précoces et le nombre de perdus de vue. 

 

MOTS CLES EN FRANÇAIS 

Plasmodium vivax 

G6PD / Glucose-6-phosphase déshydrogénase  

Cinétique 

Primaquine 

Guyane  
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ABSTRACT 

Background: Plasmodium vivax is responsible for relapse through the formation of hepatic 

hypnozoites. To avoid them, a radical treatment with primaquine is performed. Primaquine is 

contraindicated in cases of Glucose-6-phosphate-Dehydrogenase (G6PD) deficiency. In French Guiana, 

G6PD activity is measured at D14 to avoid misclassifying deficient patients in a hemolytic context. The 

aim of this study was to evaluate the kinetics of G6PD during a malaria attack to assess its variations 

over time. 

Methods: We analyzed G6PD activity between D1 and D28 in patients treated with chloroquine or 

Artemisinin-based Combination Therapy (ACT) at Cayenne Hospital between January 2018 and 

December 2020. Patients were divided into 3 arms based on the number of G6PD available during the 

studied malaria attack. Arm 1 contained patients with multiple G6PD assays, arm 2 contained those 

with a single G6PD assay during the studied attack and a known G6PD history and Arm 3 if only one 

G6PD available. 

Results: Among the 100 patients included in the kinetic study, 56 were male with a median age of 31 

years (IQR 19 - 46.8). G6PD activity varied significantly over time (p = 0.004) and stabilized from day 3. 

Gender and reticulocyte count were statistically associated with G6PD variation. 26.5% of patients 

were lost to follow-up before treatment with primaquine. Among the 223 patients included in the 

prevalence study, none had severe G6PD deficiency and only 1.3% had a deficiency between 10 and 

30%. 

Conclusion: G6PD activity varies over time during P. vivax attack. The G6PD value of the third day is 

reliable and can be used as a reference for primaquine administration to optimize the radical 

treatment. Thus, we could observe a decrease in the number of early recurrences and reduce the 

number of lost to follow-up before primaquine.  

 

KEYWORDS 

Plasmodium vivax 

G6PD / Glucose-6-phosphase dehydrogenase  

Kinetics 

Primaquine 

French Guiana 
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MANUSCRIT 

Introduction  

Malaria is a tropical neglected disease, caused by the protozoan parasite Plasmodium, and transmitted 

by the mosquitoes of the genus Anopheles. Plasmodium vivax and Plasmodium falciparum are the most 

common species among the five pathogenic Plasmodium species for humans that occur worldwide.1 

According to the WHO report in 2020, malaria still represents a vast global health issue.1 In 2019, the 

WHO estimated 229 million cases of malaria spread across 87 endemic countries. Nevertheless, in the 

Americas, between 2000 and 2019, malaria cases decreased by 40% (from 1.5 million to 0.9 million), 

correlated with a mortality rate reduced by 50%. In this region, 72.3% of infections are related to the 

specie P. vivax, which is responsible for revival.1  

P. vivax and P.ovale are the only Plasmodium species affecting humans that form hypnozoites.2 The 

female Anopheles inject the parasite at its infective stage (sporozoite) during its blood meal. 

Sporozoites invade liver cells and evolve into two stages: the asexual blood-stage, which is responsible 

for vivax malaria clinical symptoms, and hypnozoites which are dormant parasites in the liver.3 Due to 

the P. vivax hypnozoites, relapses of the disease may occur weeks to years after the initial infection. 

The relapse periodicity varies by geographic region. South America has a rapid mean time to relapse 

(65 days) compared to sub–Saharan Africa (107 days) and Northern Europe and Asia (299 days). While 

in Southeast Asia the mean time to relapse is 41 days.4 This ability to recur, hampers the Plasmodium 

vivax elimination. 

In endemic areas, after a first treatment for P. vivax infection, the presence of P. vivax parasites in 

peripheral blood can have various meanings. First, it could be a recrudescence, explained by a failure 

of the sporozoites elimination from the original infection (chloroquine or Artemisinin-based 

Combination Therapy (ACT) failure). It may also be explained by a relapse, due to activation of 

quiescent hypnozoites in the liver (primaquine failure); or a reinfection by a new parasite inoculation 

through another mosquito. When the mechanism is unclear, the term recurrence is used.5   

In French Guiana, the most represented specie of Plasmodium is Plasmodium vivax. This French 

overseas territory in South America is covered by ninety four percent of rainforest.6  Although the 

number of malaria cases decreased in the last decade, a part of the population remains exposed to the 

vector. French Armed Forces, farmers with deforestation, autochthonous populations living along the 

river, and illegal gold miners are massively infected. 7–9 

The therapeutic strategy for P. vivax malaria consists in a sequential treatment with either chloroquine 

or ACT to treat the blood-stage infection. These treatments have no effect on the hypnozoites, while 

the radical treatment does.10 The standard regimen used for chloroquine is 10mg/kg the first day, 
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10mg/kg the second day and 5 mg/kg the third day, but the continuation of production seems currently 

compromised by the closure of a French single plant. Among the 8-aminoquinolines, only primaquine 

is available in France for the radical treatment of vivax malaria. It is delivered after requesting an Early 

Access Authorization (French acronym AAP) from the French Agency for the Safety of Health Products 

(French acronym ANSM). Several recent publications demonstrate the interest of a treatment by 

Tafenoquine (single dose), but it is currently not allowed in France by ANSM. The standard 

recommended dose for primaquine treatment is 30 mg per day (0.5mg/kg) for 14 days. 1,10,11 The main 

contraindications are pregnancy, breast-feeding, infants under six months and severe Glucose-6-

Phosphate Dehydrogenase (G6PD) deficiency. Indeed, primaquine can be responsible for severe 

hemolytic anemia in G6PD deficient patients, which justifies screening for this deficiency.  

G6PD deficiency is a X-linked recessive genetic disorder, with more than 180 variants identified to date. 

It is the most common genetic disease in humans, affecting over 400 million people worldwide.12,13 

G6PD is a cytoplasmic enzyme that catalyzes the first reaction in the pento-phosphate pathway. In 

normal red blood cells, G6PD regenerates Nicotamide Adenine Dinucleotide Phosphate (NADPH) 

during oxidative stress. Mutations in the G6PD gene can reduce enzyme activity, decrease 

detoxification of free radicals and expose the cells to oxidative damage.14–16 As a result, the red blood 

cell membrane is weakened and can lead to hemolysis following a triggering event. The main clinical 

burden of G6PD deficiency is acute hemolytic anemia triggered by drug (including primaquine), food 

(e.g. fava beans); infections; neonatal jaundice or chronic non-spherocytic anemia.17 The use of 8-

aminoquinolines such as primaquine in G6PD deficient individuals can lead to acute intravascular 

hemolysis, resulting in severe anemia, methemoglobinemia and acute renal failure.18 Patients are 

considered deficient when G6PD activity is below 30% regardless of gender. Heterozygous females 

may or may not be deficient due to mosaicism in red blood cells by random inactivation of an X 

chromosome in each cell of the body.16 When G6PD activity is less than 30%, WHO recommends a 

therapeutic adjustment of primaquine such as: 0.75mg/kg per week for 8 weeks if close patient follow-

up are possible.2 The intensity of hemolysis depends on the G6PD deficiency variant: severe for 

Mediterranean B- and A- (<1% of normal activity), and mild for the African A- variant (10-15% of normal 

activity). In Latin America, the G6PD deficiency prevalence is low (<2%) and the African variant is in the 

majority.14 In French Guiana, a multicultural territory, few studies report on the prevalence of G6PD 

deficiency and the different variants are represented.19 

G6PD screening before radical treatment of P. vivax or P. ovale malaria is recommended and essential 

to avoid iatrogenic hemolytic anemia. However, the French High Council for Public Health (French 

acronym HCSP) highlights the risk of underestimated G6PD levels if G6PD screening is performed too 

early. Thus, G6PD deficiency detected during malaria episode should be confirmed once malaria-
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related hemolysis should be resolved, in general at day 14.10,20 Indeed, reticulocytes have a higher 

G6PD activity than mature red blood cells. However, the initial hemolysis stimulates erythropoiesis 

(increase the reticulocyte count), which could overestimate the G6PD level.21,22 Hence, in clinical 

practice, primaquine may be initiated immediately if G6PD deficiency has already been ruled out. If 

the patient’s G6PD status is unknown: G6PD is tested on day-14, AAP asked on day-21 (upon receipt 

of G6PD results), and primaquine dispensed on day-28. However, cases of malaria recurrence have 

been observed within the first 28 days, before treatment with primaquine. 

Thus in practice in the Infectious and Tropical Diseases Department of the General Hospital of Cayenne, 

G6PD is dosed earlier, in order to deliver primaquine earlier. We assume that the quantitative dosage 

of the G6PD enzyme during P. vivax malaria is stable over time and consequently the malaria-related 

hemolysis would not hide a G6PD deficit. However, no study justifies this approach. The benefits of an 

early radical treatment would concern individual and public health. From an individual health point of 

view, it would reduce relapses, morbidity, anemia, hospitalizations, and the number of lost to follow-

up. From a public health point of view, we could observe a decrease in inter-individual transmission 

and a decrease in the total cost.  

The main objective of this study was thus to analyze the variations of G6PD during P. vivax malaria 

attack in French Guiana, between day 1 and day 28 after a first treatment with chloroquine or ACT. 

Specifically, this study aimed 1) to estimate the prevalence of G6PD deficiency in patients treated for 

P. vivax infection in French Guiana; 2) to evaluate the prevalence of patients lost to follow-up between 

treatments with chloroquine and primaquine; 3) to investigate the factors modifying the G6PD 

enzymatic activity during plasmodium vivax infection. 
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Methods 

Study design and population  

This was a retrospective monocentric study conducted in French Guiana. Patients with P. vivax 

infection diagnosed between January 1st 2018 and December 31st 2020, initially treated with 

chloroquine or ACT with at least one available G6PD, were included. Patients with mixed infection with 

P. falciparum were excluded.   

Patient data were collected between 1 January 2018 and 31 December 2020. We analyzed all patients 

with positive thin and thick blood films for P. vivax obtained from the parasitology laboratory of 

Cayenne hospital. Medical records were collected from patients hospitalized or consulting for 

plasmodium vivax malaria in the Infectious Diseases Department of Cayenne’s hospital. Primaquine 

delivery records obtained from Cayenne hospital pharmacy were compiled.  

Data collection and analysis  

Medical records were reviewed retrospectively. Demographic data, comorbidities, and biological data 

(day 1, 3, 7, 14, 21, 28) were collected. The diagnosis of P. vivax malaria was performed using thick 

blood according to national standard procedures, and Abbott Bioline™ Malaria Ag P.f/Pan test (Ref 

05FK60). G6PD enzyme activity (U/g Hb) test was performed by Biomnis laboratory (Enzymatic – Pointe 

Scientific- COBAS®Roche), located in Ivry-sur-Seine, Paris suburbs. Other key laboratory investigations 

were reticulocyte (G/L) and platelet (G/L) counts, hemoglobin concentration (g/dL), creatinine 

(µmol/L), bilirubin (µmol/L), lactate dehydrogenase (LDH -IU/L) and haptoglobin levels (mg/L). In 

Table 1 we define High Blood Pressure as a blood pressure reading are 140-90 or above on two 

different days and overweight as a body mass index (BMI) over 25. 

This study is divided into several arms, depending on the number of G6PD assays available for each 

patient. Arm 1 included patients who had at least two G6PD determinations during the malaria period 

studied. In this arm, the kinetics of the various biological parameters could be studied. Arm 2 included 

patients with only one G6PD activity dosage during the malaria attack, but with a known previous 

assay. Finally, all patients with at least one G6PD assay were included in the prevalence study, the Arm 

3 (Figure 1). 

Patients with different malaria episode between January 2018 and December 2020 were counted in 

the flow chart as "Number of attacks" (NA: every attack is matched, NA = 93) and "Number of patients" 

(NP: the thirteen patients with multiple attacks were matched only once, NP =80). 



P a g e  | 23 

Statistical analyses  

Data processing and statistical analysis were performed using R software (version R-4.2.1). Due to 

missing data, we limit our analysis to complete data. 

We individually tested the association between G6PD activity and each of our variables 

(sociodemographic, clinical, and biological) with a linear mixed effects random model. This model was 

chosen because of the repeated measures for the biological variables, and the heterogeneity in the 

data distribution (Supplement 5). This random-effects linear mixed model was used to analyze the 

variability of G6PD activity and reticulocyte count over time in a post hoc analysis. A type III analysis of 

variance (mixed ANOVA, Satterthwaite method) was then performed to identify the presence of 

variability in G6PD over time.  

Multivariate analysis was performed by backward selection of covariates potentially associated with 

G6PD activity using REMLC (Restricted Maximum Likelihood Estimation Criterion) to identify the linear 

parsimonious random-effects model. The Wald test was used to measure the significance of the 

coefficients (0.05 level of significance).   

Ethic concerns: 

This was a non-interventional study including data collected in the context of routine care, authorized 

by the French authorities. The anonymized database was declared to the French Regulatory 

Commission (Commission Nationale Informatique et Libertés, CNIL), registration number: 

GLUPA_DRISP24042022. This study was conducted in collaboration with the “Centre d’Investigation 

Clinique Antilles Guyane”, Inserm CIC 1424.  
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Results  

Patient baseline characteristics 

Over the 3 years of study period, 80 patients were included in Arm 1 (multiple G6PD available), 20 

patients in Arm 2 (a single G6PD and 1 G6PD history) and 223 patients were included in the prevalence 

Arm 3 (only one G6PD) (Figure 1). 

Fifty-six patients were male and forty-four were female, the median age was 31 (Interquartile Range – 

IQR 19-46.8). Sixty percent of patients had no major comorbidities (Table 1) and over half of patients 

(54.9%) had a previous history of malaria (Table 2). Most patients were born on the French Territory, 

including French Guiana (45%) or Brazil (42%) (Table 1). Majority of patients (95.6%) were treated by 

chloroquine. Over one-quarter of patients (26.5%) were lost to follow-up before treatment with 

primaquine (Table 2), and the time between chloroquine and primaquine treatment ranged from 3 to 

316 days with a median of 28 (IQR :  20.5-49.5). Forty patients (35.4%) underwent a relapse, 10 of them 

before radical treatment (lost to follow-up). The median time from malaria attack to recurrence was 

63 days (IQR 40.25-92.25), ranging from 20 to 43 788. (Table 3) 
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Figure 1: Flowchart of the study. NA = Number of Plasmodium vivax  attacks; NP = Number of patients. 

*Duplicates : multiple results for a same malaria episode.  G6PD : Glucose -6-Phosphate Dehydrogenase.  
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Table 1:    

Parameter  

Arm 1.  
n = 80 
n (%) 

Arm 2.  
n = 20 
n (%) 

Overall.  
n = 100 

Gender    

Male 43 (53.8) 13 (65) 56 

Female 37 (46.3) 7 (35) 44 

Age (years) :                                                                                                                                                                                                                         
Median (IQR) / Range 31 (19 - 50)  / 0-77 26 (19 - 41.5) / 4 - 49 31 (19 - 46.8) / 0 - 77 

<20 yo   21 (26.3) 7 (35) 28 

20-39 yo  30 (37.5) 7 (35) 37 
40-59 yo   20 (25) 6 (30) 26 
60-79 yo   9 (11.3) 0 (0) 9 
>80 yo   0 (0) 0 (0) 0 
At-risk group    
Military 6 (7.5) 1 (5) 7 
Gold mining 12 (15) 2 (10) 14 
     
Comorbidities    
Pregnancy 1 (1.3) 2 (10) 3 
Higt blood pressure + 6 (7.5) 0 (0) 6 
Diabetes mellitus 3 (3.8) 1 (5) 4 
Overweight    ͌ 7 (8.8) 2 (10) 9 
HIV 1 (1.3) 0 (0) 1 
Immunosuppressive 
treatment 0 (0) 0 (0) 0 
Oncological history 3 (3.8) 0 (0) 3 

Psychiatric history 1 (1.3) 2 (10) 3 
Kidney failure 0 (0) 1 (5) 1 
     
Country of birth     
France £ 35 (43,8) 10 (50) 45 
Brasil 36 (45) 6 (30) 42 
Other places 6 (7,5) 2 (10) 8 
Unknown 3 (3,8) 2 (10) 5 

Patient’s baseline characteristics. IQR: interquartile ranges; yo : years old; HIV : Human Immunodeficiency 

Virus. +High Blood Pressure: blood pressure readings are 140-90 or above on two different days.   ͌ 

Overweight: body mass index (BMI) over 25. £ including French Guiana.  
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Table 2: 

Parameter 

Arm 1.  
n = 93 
n (%) * 

Arm 2.  
n = 20 
n (%) 

Overall.  
n = 113 

Malaria history  52 (55,9) 10 (50) 62 (54,9) 

≥ 3 malaria episodes 7 (7,5) 10 (50) 17 (15) 

Number of relapse  30 (32,2) 10 (0,5) 40 (35,4) 

Relapse within 90 days 23 (24,7) 5 (0,25) 28 (24,8) 

Admission for malaria 38 (40,9) 3 (15) 41 (36,3) 
Severity criteria 5 (5,4) 0 (0) 5 (4,4) 
Transfusion 1 (1,1) 0 (0) 1 (0,9) 
Lost to follow-up before primaquine 

- Number of relapse in lost to 
follow-up patients 

21 (22,6) 
6 

9 (45) 
4 

30 (26,5) 
10 

Follow in CDPS 11 (11,8) 13 (65) 24 (21,2) 
Treatment by chloroquine 89 (95,7) 19 (95) 108 (95,6) 
Treatment by ACT 4 (4,3) 1 (5) 5 (4,4) 

Malaria attacks characteristics for discrete variables. *N=93 : the malaria episodes characteristics concerns 

the “Number of Access” NA. ACT : Artemisinin-based Combinaison Therapy.  

Table 3: 

  Arm 1. n = 93 * Arm 2. n = 20 Overall. n = 113 

 Median (IQR) Range Median (IQR) Range 
Median 

(IQR) 
Range 

P. vivax parasitemia (%) 
0,155 ;  

(0,04 - 0,3) 
0,001-

2 
0,11 ;  

(0,04 - 0,37) 
0,01-1 

0,15 ;  
(0,04 - 0,34) 

0,001 - 2 

Time between 
chloroquine and 

primaquine (days) 
27 ; (19,75 - 39) 3-290 

72 ; (48,5 - 
148,5) 

28-316 
28 ; (20,5 - 

49,5) 
3 - 316 

Weight (kg) 61,7 ; (50 -79,25) 
8,4-
150 

65 ; (57,5 - 
76,25) 

19-104 
64,5 ; (50 - 

79,25) 
8,4 - 150 

Primaquine dose (mg/kg) 0,44 ; (0,38 - 0,54) 
0,15-
0,67 

0,46 ; (0,4 - 
0,48) 

0,29-0,53 
0,44 ; (0,38 - 

0,52) 
0,15 - 0,67 

Relapse periodicity (days) 62,5 ; (37 - 86) 20-331 
77,5 ; (56 - 

101,25) 
44-43788 

63 ; (40,25 - 
92,25) 

20 - 43788 

Malaria attack characteristics for continuous variables. *N  = 93 : the malaria episodes characteristics 

concerns the “Number of access” NA. IQR : interquartile ranges.  

 

The evolution of the biological variables over time is shown in Figure 2. LDH and bilirubin levels 

decrease over time while hemoglobin, platelets, reticulocytes and haptoglobin increase from day 7. In 

this representation, hematocrit, G6PD and creatinine appear relatively stable over time. (Figure 2) 
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Figure 2: Box plots (median, interquartile range, full range) showing the distribution of absolute changes over 

time: Day 1 (Deep blue), Day 3 (Orange), Day 7 (Grey), Day 14 (Yellow), Day 21 (Light blue), Day 28 (Green). 

Hemoglobin g/dL [A], Platelets G/L [B], Reticulocytes G/L [C], Hematocrit % [D], Haptoglobin g/L [E], G6PD U/g 

Hb [F], Creatinin µmol/L [G], LDH UI/L  [H], Bilirubin  UI/L [I]. The line indicates median, the crosse indicates 

mean.  
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Time course of G6PD  

 

 

 

Figure 3: spaghetti plot of G6PD measurements in all patients describing its individual variability. Complete 

data patients: day 1: 20, day 3: 51, day 7: 54, day 14: 61, day 21: 46, day 28: 52. 

Figure 3 shows the individual variability of G6PD activity at the different time points. This variability is 

different in the two-gender group with higher activity in women (Supplement 3, Supplement 4). Mixed 

ANOVA shows a significant difference in the means of G6PD activity measured between D1 and D28 (p 

value = 0.004), and reticulocyte count (p value <0.001).  

Factors modifying the G6PD enzymatic activity 

Clinical and demographic characteristics were included in the multivariate analysis. Only sex was 

identified as a factor associated with G6PD activity with an increasing effect on its kinetics (β =0.168 

[0.048;0.288]; p-value =0.007) (Supplement 6). Indeed, G6PD activity is higher overall with greater 

variability in women than in men.  

  D1               D3             D7                 D14                    D21                          D28 

Time 
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The addition of biological variables in the multivariate analysis identified reticulocyte level as a factor 

in increasing G6PD activity (β = 0.144 [0.020;0.267]; p-value = 0.030) in addition to the effect of sex. 

(Supplement 7)  

Nevertheless, at day 1, we observed a negative correlation (ρ=-0.978) between reticulocyte level and 

G6PD activity (Table 4). Thus from day 3 onwards, the higher the reticulocyte count, the higher the 

G6PD activity values. After adjusting for sex and reticulocyte level, we no longer had variability 

between mean G6PD activity (p-value =0.578) (Supplement 7). This means that G6PD activity is 

dependent on the reticulocyte level at day 1 but is independently stable from day 3 onwards.  

Residual variability in G6PD activity persists between individuals (SD= 0.250 [0.180,0.321]) 

(Supplement 7). 

 

Table 4: 

Intercept Intercept Day 3 Day 7 Day 14 Day 21 Day 28 Sex 

Day 3 0.356       

Day 7 -0.370 -0.665      

Day 14 -0.078 0.552  -0.453     

Day 21 0.300  -0.227 0.184 -0.229    

Day 28 -0.350 -0.023 -0.070 0.281 0.027   

Sex -0.151 -0.041 0.066 -0.032 0.015 -0.007  

Log 

(reticulocyte) 

-0.978 0.451  0.451  0.018 -0.281 0.332 0.024 

Correlation of Fixed Effects of model presented in Supplement 7 

In the Figure 4, the correlation between G6PD and reticulocyte count seems log-linear compared to 

that observed in the male group.   
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Figure 4: Scatterplot (black points) and smoothing line (blue line and its 95% confidence intervals)  : 

relationship between G6PD activity and reticulocyte count  by sex group. Reticulocyte count (G/L), G6PD (U/g 

Hb). 

Prevalence of G6PD deficiency : 

Among the 223 patients included for G6PD deficiency prevalence study, none had G6PD activity below 

10%. Three patients (1.3%), only males, had an activity between 10 and 30%. Considering only patients 

with G6PD measured at least at day 7 (n=202), the prevalence was similar. (Table 5, Supplement 1) The 

prevalence of G6PD-deficient patients at different times are shown in Figure 5. 
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Table 5 :   

 G6PD activity   

Prevalence of G6PD 
deficiency (%), 

n = 223   ͌

Prevalence of G6PD 
deficiency at day 7 (%), 

n = 202 ˦ 

 

<10% 0 0  

10-30% 3 (1.3) 2 (1)  

30-80% 8 (3.6) 6 (3)  

>80% 212 (95.1) 194 (96)  

Prevalence of G6PD deficiency in patients treated for P. vivax  infection in French Guiana.   ͌Overall patients.  ˦ 

Only patients with G6PD measured at day 7, day 14, day 21 or day 28.  

 

 

Figure 5: Time course of G6PD. Prevalence of G6PD-deficient patients over time (in percent), according to 

each category (G6PD activity <10%, 10-30%; 30-80%, >80%). G6PD (U/g Hb). 
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Discussion 

This original study is the first to show the kinetics of G6PD enzymatic activity during P. vivax malaria 

attacks with the subsequent hemolysis before primaquine treatment.  

G6PD kinetics 

The main objective of this study was to observe the kinetics of G6PD activity during P. vivax malaria 

attacks to determine the reliability of G6PD assays at different sampling times (D1, D3, D7, D14, D21, 

D28). This was done to avoid the risk of falsely normalized G6PD activity, and thus the risk of hemolytic 

anemia upon initiation of primaquine therapy. Our results show that G6PD activity varies significantly 

over time (p = 0.004).  From the 3rd day of the malaria attack, we observe a global stability of the G6PD 

activity: indeed, the values stabilize or increase. None of the G6PD-deficient patients had false normal 

assays in the initial phase of the malaria attack. Thus, G6PD activity varies over time, but the reliability 

of the assay on the third day of malaria attack makes it a reference value. This is consistent with the 

literature and in particular with the study by Walter R.J. Taylor. He studied the dynamics of G6PD 

during P. vivax malaria attacks in Cambodian patients treated from day 0 with ACT and primaquine. He 

observed that G6PD activity at D7 was higher than at D0 (significantly in the deficiency group, p = 0.06 

in the non-deficiency group), with an apex at D7. Nevertheless, in Taylor’s study, G6PD activity was not 

measured at D3.21 This fundamental result may lead to modification and homogenization of clinical 

practices, particularly in French Guiana. As a reminder, at Cayenne Hospital, the G6PD assay is 

performed on D14, the AAP is requested on D21 after receipt of the result and primaquine is delivered 

on D28, for 2 weeks.  By taking the G6PD assay on D3 as a reference value (instead of D14), radical 

treatment with 8-aminoquinoline could be started 14 days earlier (on D14 instead of D28). The 

advantages would include avoiding early revivals, or a reduction in the number of patients lost to 

follow-up before radical treatment. Reducing the incidence of early relapses could have an impact on 

individual morbidity but also on public health by reducing the number of hospitalizations, inter-

individual transmission, and the cost of management.  

Prevalence of lost to follow-up 

A secondary objective was to study the prevalence of loss to follow-up before radical treatment. A 

total of 26.5% of patients (22.6% in Arm 1, 45% in Arm 2) were lost to follow-up before treatment with 

primaquine. This is a major proportion in view of the high incidence of P. vivax relapse (35.4% in our 

study), especially in the absence of radical treatment. According to the studies, the incidence rate of 

relapses varies between 50% and 90% and occurs mostly in the first three months after the malaria 

attack 23–25. In our study, the underestimation of the number of relapses is probably explained by the 

retrospective design.  
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In addition, there may be a lack of adherence to primaquine treatment, as shown by Khanticul and al. 

In his study, 76.2% of patients were considered non-adherent to anti-malarial treatment.26 Thus, if 

radical treatment is started earlier, the total follow-up time would be reduced, which could contribute 

to better adherence, especially in remote populations.  

Associated factors  

Of the factors associated with G6PD variations, only gender and reticulocyte count were statistically 

correlated.  

When the reticulocyte level increases, G6PD activity increases and vice versa; this correlation is even 

stronger in women. Similarly, Taylor and al. show that changes in G6PD activity are correlated with 

changes in reticulocyte levels.21 Reticulocytes could therefore be used as an indirect marker of G6PD 

changes over time. 

Variations in G6PD are also statistically correlated with gender. We observe a higher variability of G6PD 

values in women compared to men. This may be explained by chromosomal mosaicism since the gene 

is carried on the X chromosome. Furthermore, our results suggest that G6PD activity values in women 

are globally higher than in men.  

G6PD prevalence 

The final objective was to assess the prevalence of G6PD-deficient patients in the study population. Of 

223 patients included in the prevalence calculation, none had G6PD activity below 10% and 1.3% of 

patients had G6PD activity between 10-30%. The main variant in French Guiana responsible for G6PD 

deficiency is the African G6PD A- variant. Compared to the other variants, it give a shallow and mild 

deficiency, which explains the low prevalence of deficiency.15 This prevalence is probably 

underestimated compared to the general population. Indeed, G6PD deficiency weakens red blood cells 

and would give protection against malaria. In our study, the prevalence of G6PD is estimated from 

patients infected with P. vivax, which may be underestimating the real proportion of deficient 

patients.18 Nevertheless, our percentages are consistent with data from the literature showing a low 

prevalence of G6PD deficiency in the Americas (<2%).14,27,28  

Limits  

This study has several limitations. First, it is a retrospective descriptive study. This design may imply 

several biases due to the large number of missing data. Another limitation is the small number of 

patients, and in particular the small proportion of G6PD-deficient patients. This number was 

constrained by the absence of multiple G6PD assays before 2018 and the drastic decrease in malaria 

cases since 2020. Another limitation results in the single-center design. Nevertheless, most patients 
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with P. vivax malaria are referred to infectious diseases unit of the hospital of Cayenne and all requests 

for primaquine are made through the hospital pharmacy (APP). The biological follow-up limited to 28 

days is also a limitation: it would have been interesting to compare the G6PD values several months 

after the attack. Finally, most patients received chloroquine treatment as schizonticide treatment 

(95.6% of cases), so it is difficult to extrapolate these results to patients treated with ACT.  

Perspectives   

Optimization of radical treatment in P. vivax infections is essential for the elimination of global malaria 

transmission led by WHO. Early detection of G6PD deficiency and prompt delivery of primaquine are 

among the levers of action for this optimization. Thus, in 2018 the opinion of the HCSP (High Council 

of Public Health) reports the importance of the development and validation of rapid tests for G6PD 

deficiency.20 Rapid tests would drastically shorten the diagnostic time for G6PD deficiency screening, 

and therefore shorten the implementation of radical treatment. As a reminder, G6PD activity tests of 

French Guianese patients are currently performed in mainland France, with a minimum delay of 7 days 

to obtain the result. Several diagnostic studies to evaluate the performance of rapid tests for G6PD 

deficiency have been or are being performed throughout the world, as is the case in French Guiana. 29 

This diagnostic development would be essential in French Guiana, particularly in the health centers of 

the remote villages. 6,30  Screening for G6PD deficiency could also be generalized to know the G6PD 

status at the time of any malaria infection. In some countries, such as Malaysia and the Philippines, 

G6PD screening is part of newborn screening programs.31 Thus, all children born in Guianese hospitals 

could be screened before leaving the maternity ward, and their status recorded in the health record 

in case of malaria infection.  

Optimization of radical treatment could also involve accelerating drug delivery. Indeed, primaquine 

goes through an AAP application that delays drug delivery. Despite the 2018 HCSP report, the 

Marketing Authorization has not yet been issued and depends on pharmaceutical and political 

leadership. Tafenoquine, another 8-aminoquinoline used in radical single-dose treatment could be 

another lever to decrease follow-up time and drastically improve treatment adherence. Its efficacy and 

non-inferiority compared to primaquine in non-G6PD deficient patients have been proven in several 

studies, but this molecule is not available in France.32,33  
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Conclusion 

G6PD activity varies over time during a malaria attack by Plasmodium vivax. Our pragmatic study has 

shown that the 3rd day G6PD value is reliable and avoids the risk of under-diagnosing G6PD deficient 

patients. The 3rd day G6PD assay can become the reference value on which to base the delivery of 

Primaquine in practice to optimize radical treatment. By homogenizing practices in this sense, we could 

observe a decrease in the number of early recurrences and less individual morbidity. This could also 

reduce the number of people lost to follow-up and decrease inter-individual transmission. However, it 

would be necessary to confirm these results in a larger prospective study. In case of changes in 

practices, an evaluation study will be necessary to quantify the supposed benefits.  
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Supplements 

    G6PD 

day 1 

    G6PD 

day 3 

    G6PD 

day 7 

  

  Male Female Overall Male Female Overall Male Female Overall 

<10% 0/24 (0) 0/13 (0) 0/37 (0) 0/38 (0) 0/24 (0) 0/62 (0) 0/37 (0) 0/31 (0) 0/68 (0) 

10-30% 1/24 

(4,2) 

0/13 (0) 1/37 

(2,7) 

3/38 

(7,9) 

0/24 (0) 3/62 

(4,8) 

0/37 (0) 0/31 (0) 0/68 (0) 

30-80% 3/24 

(12,5) 

2/13 

(15,4) 

5/37 

(13,5) 

4/38 

(10,5) 

1/24 

(4,2) 

5/62 

(8,1) 

2/37 

(5,4) 

1/31 

(3,2) 

3/68 

(4,4) 

>80% 20/24 

(83,3) 

11/13 

(84,6) 

31/37 

(83,8) 

31/38 

(81,6) 

23/24 

(95,8) 

54/62 

(87,1) 

35/37 

(94,6) 

30/31 

(96,8) 

65/68 

(95,6) 

Missing 

Data  

108/132  78/91  186/223  94/132  67/91 161/223  95/132  60/91  155/223 

 

    G6PD 

day 14 

    G6PD 

day 21 

    G6PD 

day 28 

  

  Male Female Overall Male Female Overall Male Female Overall 

<10

% 

0/61 (0) 0/52 (0) 0/113 (0) 0/38 (0) 0/31 (0) 0/69 (0) 0/37 (0) 0/34 (0) 0/71 (0) 

10-

30% 

1/61 

(1,6) 

0/52 (0) 1/113 

(0,9) 

1/38 

(2,6) 

0/31 (0) 1/69 

(1,5) 

1/37 

(2,7) 

0/34 (0) 1/71 

(1,4) 

30-

80% 

4/61 

(6,6) 

3/52 

(5,8) 

7/113 
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Supplement 1: Prevalence of G6PD deficiency over time.  
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Biological parameter Mean Median (IQR) Range 

Hemoglobin level (g/dL)    

Hg Day 1  12,44 12,35 ; (11 - 13,975) 7,3-16,9 

Hg Day 3 11,72 11,75 ; (10,28 - 12,975) 6,8-15,4 

Hg Day 7 12,09 12,1 ; (10,8 - 13,9) 2,8-16,7 

Hg Day 14 12,61 12,3 ; (11,6 - 13,55) 9,5-16,5 

Hg Day 21 13,12 12,7 ; (11,95 - 14,4) 8,5-16,7 

Hg Day 28 13,05 13,1 ; (11,7 - 14,25) 9,6-17,4 

Hematocrit (%)       

Hte Day 1 36,59 35,55 ; (32,33 - 40,525) 21,5-87 

Hte Day 3 33,91 34,25 ; (30,83 - 38,175) 2,9-44 

Hte Day 7 35,83 36,1 ; (32,4 - 40,55) 18,4-47 

Hte Day 14 37,22 36,75 ; (34,23 - 40,6) 27,5-46,6 

Hte Day 21 38,71 37,1 ; (35,55 - 41,85) 26,7-50 

Hte Day 28 38,39 37,95 ; (35,33 - 41,325) 29-48,3 

Platelets (G/L)       

Plq Day 1  113,53 96 ; (62,5 - 151,5) 31-272 

Plq Day 3 157,48 145,5 ; (100,25 - 209,75) 29-448 

Plq Day 7  356,38 320 ; (272,25 - 426,25) 84-812 

Plq Day 14  349,90 343 ; (285,5 - 408) 35-635 

Plq Day 21 271,54 264 ; (221,5 - 317,25) 56-652 

Plq Day 28 241,79 226,5 ; (191,5 - 280) 104-570 

Reticulocyte (G/L)       

Rtc Day 1  60,94 51,75 ; (34,58 - 71,95) 13,16-150,8 

Rtc Day 3 54,84 47,3 ; (35 - 60,88) 14-176 

Rtc Day 7  122,59 107,92 ; (75,5 - 137,75) 46,8-405 

Rtc Day 14  101,37 90 ; (73,9 - 111) 36-280 

Rtc Day 21 96,01 80 ; (64,5 - 108,45) 40,8-285 

Rtc Day 28 83,32 75,5 ; (57 - 106,67) 29,3-203 

Creatinin (umol/L)       

Crt Day 1  74,50 70 ; (60 - 89) 29,3-203 

Crt Day 3 73,79 72 ; (59 - 87) 33-124 

Crt Day 7  65,82 67 ; (54 - 79) 24-131 

Crt Day 14  66,98 67 ; (56 - 82,5) 27-109 

Crt Day 21 67,44 70,5 ; (58 - 77,25) 21-168 

Crt Day 28 67,60 64 ; (57 - 76) 27-98 

LDH (U/L)       
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LDH Day 1 324,97 293 ; (247 - 371) 14,3-692 

LDH Day 3 286,05 268 ; (217 - 334,5) 37-618 

LDH Day 7 303,76 252 ; (224 - 314) 171-754 

LDH Day 14 249,45 223,5 ; (192,75 - 271,25) 143-616 

LDH Day 21 222,59 213 ; (187 - 243) 150-366 

LDH Day 28 217,70 209 ; (186,5 - 231) 7,4-460 

Haptoglobin (g/L)       

Htg Day 1 0,91 0,98 ; (0,18 - 1,4) 0,08-2 

Htg Day 3 0,93 0,86 ; (0,1 - 1,435) 0,1-3,24 

Htg Day 7 0,84 0,7 ; (0,54 - 1,1425) 0,1-2,1 

Htg Day 14 1,11 1,055 ; (0,74 - 1,415) 0,1-2,68 

Htg Day 21 1,29 1,24 ; (0,92 - 1,625) 0,1-2,53 

Htg Day 28 1,17 1,21 ; (0,87 - 1,505) 0,08-2,2 

Bilirubin level (UI/L)       

Bb Day 1 23,64 19,5 ; (13,2 - 31) 3,6-110 

Bb Day 3 13,26 11,4 ; (8,28 - 15,8) 3,2-37,2 

Bb Day 7 10,48 9 ; (6,1 - 13,45) 2,5-27,7 

Bb Day 14 8,20 6,7 ; (5,05 - 9,7) 2-23,2 

Bb Day 21 9,46 7,5 ; (5,45 - 11,85) 2,5-30,5 

Bb Day 28 9,54 7,7 ; (6,1 - 12,225) 2-27,7 

G6PD U/g Hb    

G6PD Day 1 12,22 12,3 ; (9,43 - 14,775) 4,7-19,9 

G6PD Day 3 12,03 12,2 ; (10,1 - 14,35) 1,5-17,8 

G6PD Day 7 13,58 13,6 ; (11,78 - 14,8) 4,5-26,2 

G6PD Day 14 13,68 13,9 ; (11,88 - 15,45) 2,6-25,4 

G6PD Day 21 12,89 13,2 ; (10,95 - 14,8) 1,9-20,6 

G6PD Day 28 12,62 13,05 ; (11,2 - 14,5) 2,6-18 

Supplement 2: Biological characteristics  
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Supplement 3: Spaghetti plot of G6PD measurements in men describing its individual variability during the 

follow-up (48 patients).  

 

D1     D3         D7            D14              D21                D28 

Time 
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Supplement 4: spaghetti plot of G6PD measurements in women describing its individual variability during the 

follow-up (45 patients).  

 

 
Supplement 5: Cloudplots of G6PD activity, from day 1 to day 28.  
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Time 
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Fixed Effects Estimate 95% Lower CI 95% upper CI Pr(>|t|) 

(Intercept) 2.495 2.354 2.635 < 2e-16 

Day 3 0.134 0.052 0.215 0.00145 

Day 7 -0.104 -0.177 -0.030 0.00666 

Day 14 0.027 -0.0404 0.095 0.42923 

Day 21 0.039 -0.023 0.102 0.22848 

Day 28 0.0000 -0.056 0.0564 0.99853 

Age -0.002 -0.005 0.0009 0.18003 

Sex:female 0.168 0.048 0.288 0.00749 

Random Effets      

Std.Dev_(Intercept)|id 0.259 0.213 0.303  

sigma 0.0421 0.205 0.224  

REML criteria 100    

Supplement 6: Multivariate linear mixed effect model with clinical and demographic characteristics to 

identify the determinants of G6PD activity.  

 

Fixed Effects Estimate 95% 

Lower CI 

95% upper CI Pval Pval(Time) 

(Intercept) 1.822 1.289 2.356 < 0.001 0.578 

Day 3 0.035 -0.172 0.243 0.745 

Day 7 -0.0105 -0.216 0.243 0.923 

Day 14 0.077 0.060 0.214 0.292 

Day 21 -0.091 0.203 0.020 0.124 

Day 28 0.043 -0.046 0.133 0.364 

Sex 0.179 0.027 0.334 0.027  

Log (reticulocyte) 0.144 0.020 0.267 0.030  

Random Effets       

Std.Dev_(Intercept)|id 0.250 0.180 0.321   

sigma 0.178 0.137 0.213   

Supplement 7: Multivariate linear mixed effect model with clinical and demographic and biological 

characteristics to identify the determinants of G6PD activity . 
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Résume : 

Contexte : Plasmodium vivax est responsable de récurrences par la formation d’hypnozoïtes 
hépatiques. Pour les éviter, un traitement radical par primaquine est réalisé. La primaquine est contre-
indiquée en cas de déficit en Glucose-6-phosphate-Déshydrogénase (G6PD). En Guyane, l’activité de 
la G6PD est dosée à J14 pour éviter de méconnaitre des patients déficitaires en G6PD en contexte 
hémolytique. Le but de cette étude est d’évaluer la cinétique de la G6PD au cours d’un accès palustre 
et les facteurs associés à ses variations.  

Méthodes : Nous avons analysé l’activité de la G6PD entre J1 et J28 chez des patients traités par 
chloroquine ou dérivé de l’artémisinine au CH de Cayenne entre janvier 2018 et décembre 2020. Les 
patients ont été répartis dans 3 bras selon le nombre de G6PD disponible au cours de l’accès palustre 
étudié. Le bras 1 contient les patients avec plusieurs G6PD dosés, le bras 2 ceux avec un seul G6PD 
dosé lors de l’accès étudié et une antériorité de G6PD connue, le bras 3 si un seul G6PD disponible. 

Résultats : Sur les 100 patients inclus dans l’étude de cinétique, 56 sont des hommes avec un âge 
médian de 31ans (IQR 19 - 46.8). L’activité de la G6PD varie significativement au cours du temps (p = 
0.004) et se stabilise à partir du troisième jour. Le sexe et le taux de réticulocytes ressortent comme 
facteurs statistiquement associés aux variations de la G6PD. 26.5% des patients ont été perdus de vue 
avant traitement par primaquine. Sur les 223 patients inclus dans l’étude de prévalence, aucun ne 
présente un déficit en G6PD sévère et seulement 1.3% présentent un déficit entre 10 et 30%.  

Conclusions : L’activité de la G6Pd varie au cours du temps lors d’un accès palustre à P.vivax. Le dosage 
de la G6PD du troisième jour peut devenir la valeur de référence pour délivrer la Primaquine plus tôt 
afin d’optimiser le traitement radical. Ceci permettrait notamment de diminuer les récurrences 
précoces et le nombre de perdus de vue. 
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