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Malaria is prevalent in different tropical and 
subtropical regions, including those in Africa, 

Asia, and Latin America (1). In Latin America, Brazil, 
Colombia, and Venezuela account for 76.8% of all re-
ported cases. Most (72.1% in 2023) cases in that region 
are attributed to Plasmodium vivax (1). Sucre State is a 
malaria-endemic region in Venezuela, where P. vivax 
is almost the only species (2). Treatment of P. vivax 
malaria involves a combination therapy of chloro-
quine and primaquine, a prodrug that requires meta-
bolic activation to elicit its antimalarial effect against 
hypnozoites (3).

Activation of primaquine is catalyzed by the 
metabolic enzyme cytochrome P450 2D6 (CYP2D6), 
which belongs to the CYP450 superfamily, a group of 
enzymes responsible for metabolism of many com-
monly prescribed drugs (4). The CYP2D6 gene is 
highly polymorphic and has >150 different alleles (4), 
encoding CYP2D6 isoforms with normal, decreased, 
increased, or no activity. In Venezuela, several CY-
P2D6 genotypes exhibiting the most prevalent null 
allele, CYP2D6*4 (1846 G>A, rs3892097), and the less 

frequent CYP2D6*6 allele (1707delT, rs5030655) have 
been documented (5,6). For instance, the CYP2D6*4 
allele was observed at a frequency of 14% in an urban 
admixed population from Aragua, a nonmalaria state, 
and in Amerindian populations at frequencies of 
4.2%–42.5% from Zulia (nonmalaria state) and 1.7%–
5.45% from Bolivar (malaria state). The CYP2D6*6 al-
lele was observed at frequencies ranging from 0.3% to 
1.2% in 2 urban admixed populations (5,6).

Malaria patients’ response to primaquine treat-
ment is contingent on the level of CYP2D6 activity. 
In cases where CYP2D6 activity is low, probability 
of treatment failure is higher (4). Because CYP2D6 is 
necessary for primaquine metabolism, we determined 
the genotype of the most common CYP2D6*4 variant 
and a less common CYP2D6*6 variant with null ac-
tivity and predicted the metabolizer phenotype in a 
sample of Mestizo persons with suspected P. vivax 
malaria from malaria-endemic Sucre state, Venezu-
ela. We also evaluated the response to the standard 
treatment with primaquine.

The Study
We conducted this study by using a sample of 96 
patients (60 men and 36 women) exhibiting malaria 
symptoms. The patients were unrelated to each other 
and >18 years of age. We recruited the patients in De-
cember 2022 from 4 health centers in the city of Cu-
maná, municipality of Sucre, Sucre state, Venezuela 
(Figure). We collected peripheral blood samples from 
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We determined CYP2D6*4 and CYP2D6* genotypes 
and metabolizer phenotypes in 96 patients with sus-
pected malaria in Venezuela and found intermediate or 
poor metabolizer phenotypes in ≈25% of cases. Nine of 
44 malaria patients had Plasmodium vivax recurrence. 
Public health authorities should evaluate the benefits of 
increasing total doses of primaquine for treatment.
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the patients after they provided informed consent 
as approved by the Instituto de Investigaciones Bio-
médicas, Universidad de Carabobo Bioethics Com-
mittee (approval no. CBIIB-UC/2022-2).

We performed microscopic malaria diagnosis 
and validated positive results by using PCR (3). We 
extracted genomic DNA as previously described (7) 
and conducted genotyping in accordance with previ-
ously outlined methods (5). If we observed no nucleo-
tide change in the 2 allelic variants analyzed, we des-
ignated the allele as CYP2D6*1. 

We predicted metabolizer phenotype by using 
the activity score (AS) system (8).  In brief, we as-
signed values to the identified alleles ranging from 0 
for no-function alleles (*4, *6) to 2 for normal-function 
alleles (*1). The AS value of a given genotype is the 
sum of the assigned values for each allele. We des-
ignated patients with AS of  0 as poor metabolizers, 
AS of 1 as intermediate metabolizers, and AS of 2 as 
normal metabolizers (8,9).

Among 96 participants, 44 (45.83%) were ma-
laria positive. As expected, P. vivax malaria was 

predominant; 43 (97.72%) of the 44 malaria-positive 
patients were infected with P. vivax, and 1 (2.27%) 
was infected with P. falciparum. Of the 44 malaria-
positive patients, 30 (68.18%) were men and 14 
(31.81%) were women, which we anticipated: men 
have a higher malaria risk than women because 
their occupations are more likely to involve out-
door work, like fishing. The patients received stan-
dard oral primaquine treatment (0.25 mg/kg/d for 
14 days) (3). On day 28, we evaluated patients for 
malaria recurrence, which was characterized by fe-
ver and parasitemia (10).

We compared samples from the 52 malaria-
negative participants and the 44 malaria-positive 
participants and found similar genotype profiles. 
CYP2D6*1*1 was the predominant genotype, which 
indicated a normal metabolizer phenotype. We saw 
a percentage of 75% in the 96 patients with the CY-
P2D6*1*1 genotype across both nonmalaria and ma-
laria patients (Table). The other 25% of analyzed geno-
types manifested as intermediate or poor metabolizer 
phenotypes, among which the CYP2D6*1*4 genotype 

Figure. Geographic area of 
Sucre municipality from a study 
of CYP2D6 genotype and 
primaquine treatment in malaria, 
Venezuela. Crosses represent 
health center locations in the 
Sucre municipality. Inset shows 
map of Venezuela with Sucre 
state in black.
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showed the highest frequency and had an average of 
17.75% across both groups. That frequency is substan-
tially higher than the low frequency (2.37%) of that 
genotype identified within the population identified 
in Madagascar (11). However, in 5 areas of Brazil, the 
CYP2D6*1*4 genotype exhibited a high frequency 
(35%–50%) (12). That variation can be attributed to 
the different ethnic origins of the genotype, which 
differ across regions. The ancestors of the popula-
tion of Madagascar are believed to be from Asia and 
Africa, whereas the ancestors of the highly hetero-
geneous populations from Venezuela and Brazil are 
thought to be from Spain and Portugal. In addition, 
the CYP2D6*4 genotype frequency within the group 
from Europe is high (13). The metabolizer phenotype 
profile showed notable similarity across both groups; 
75% of patients exhibited a normal metabolizer pro-
file, 20.8% showed an intermediate metabolizer pro-
file, and 4.19% displayed a poor metabolizer profile. 
Those values agree with values observed in ethnicity 
from Europe, thereby providing further substantia-
tion for the initial assertion (13).

P. vivax recurrence was observed in 9 (20.5%) 
patients (6 men and 3 women); 7 exhibited an in-
termediate metabolizer phenotype, and 2 exhibited 
a poor metabolizer phenotype. That phenomenon 
might be attributed to a substantial correlation be-
tween the CYP2D6 alleles with diminished activity, 
such as CYP2D6*4 and *6, and the occurrence of pri-
maquine therapeutic failure in patients infected with 
P. vivax (4). High rates of relapses have already been 
reported in Venezuela (14; J. Huber et al., unpub. 
data, https://www.medrxiv.org/content/medrxiv/
early/2022/05/12/2022.04.19.22274042.full). The re-
currence of P. vivax shown in this study might be pre-
ventable by administering a higher dose (7.0 mg/kg) 
of primaquine instead of the conventional dose (3.5 
mg/kg) (10).

The first limitation of this study is the low num-
ber of patients; thus, our results might not be repre-
sentative of all malaria-infected populations. Second, 
we only conducted patient monitoring on day 28 and 
thus only determined the clinical and parasitologic 
response and not the absence of P. vivax recurrence, 
which requires meticulous monitoring over a period 

of ≈6 months (9); thus, we might have missed recur-
rence that occurred after 28 days.

Conclusions
We estimated that ≈25% of malaria patients had non-
functional alleles that would impair efficacy of pri-
maquine. The corresponding predicted intermediate 
metabolizer phenotype was 20.8% and the poor me-
tabolizer phenotype was 4.19% in a sample of malaria 
patients and nonmalaria patients susceptible to infec-
tion with P. vivax in Sucre, a malaria-endemic state of 
Venezuela. Those data are consistent with the 20.5% 
recurrence rate observed in P. vivax patients. To ef-
fectively treat malaria in the region, we recommend 
that public health authorities evaluate the potential 
benefits of increasing total doses of primaquine (7.0 
mg/kg; 0.5 mg/kg/d) over a period of 14 days as an 
alternative to the current treatment regimen.
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Table. Genotypes CYP2D6*4 and CYP2D6*6 and predicted phenotypes malaria and nonmalaria, Venezuela* 
Genotype Activity score Predicted phenotype Nonmalaria patients, no. (%), n = 52 Malaria patients, no. (%), n = 44 
1*1 2 Normal metabolizer 39 (75) 33 (75) 
1*4 1 Intermediate metabolizer 9 (17.31) 8 (18.19) 
1*6 1 Intermediate metabolizer 2 (3.85) 1 (2.27) 
4*4 0 Poor metabolizer 1 (1.92) 1 (2.27) 
6*6 0 Poor metabolizer 0 1 (2.27) 
6*4 0 Poor metabolizer 1 (1.92) 0 
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The COVID-19 pandemic has caused us 
to reevaluate what “work” should look like. 
Across the world, people have converted 
closets to offices, kitchen tables to desks, 
and curtains to videoconference back-
grounds. Many employees cannot help but 
wonder if these changes will become a 
new normal.

During outbreaks of influenza, corona-
viruses, and other respiratory diseases, 
telework is a tool to promote social dis-
tancing and prevent the spread of disease. 
As more people telework than ever before, 
employers are considering the ramifica-
tions of remote work on employees’ use of 
sick days, paid leave, and attendance. 

In this EID podcast, Dr. Faruque Ahmed, 
an epidemiologist at CDC, discusses the 
economic impact of telework.


