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Abstract
Objective: Deficiency in G6PD is the most common enzymopathy worldwide. It is frequently found in individuals
of African descent in whom it can lead to hemolytic crises triggered by the use of certain antimalarial medications
and infection. The prevalence of G6PD deficiency and its contribution to morbidity in West Africa is under-studied. To
understand the prevalence of glucose-6-phosphate dehydrogenase (G6PD) deficiency in West African blood donors.
Results: We evaluated the G6PD status and infectious disease screening tests of 1001 adult male Cameroonian blood
donors (mean age 31.7 ± 9.8 years). The prevalence of G6PD deficiency was 7.9%. There was no difference in levels of
hemoglobin or ABO subtype between those who were G6PD-normal compared to those that were deficient. Interestingly, G6PD-normal vs. deficient blood donors were less likely to have screened positive for hepatitis C virus (p = 0.02)
and rapid plasma reagin (indicative of syphilis, p = 0.03). There was no significant difference in hepatitis B sAg, HIV-1,
or HIV-2 reactivity between those with vs. without G6PD sufficiency. These data suggest that G6PD deficiency is common among West African male blood donors and may be associated with specific infectious disease exposure.
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Introduction
Glucose-6-phosphate dehydrogenase (G6PD) deficiency
is the most common human enzymopathy, affecting
upwards of an estimated 400 million people worldwide
[1, 2]. Population screening in regions where the prevalence of G6PD deficiency is 3–5% or greater (in males) is
recommend by the World Health Organization (WHO)
[3]. Due to cost and lack of infrastructure, this has yet
to become regular practice in many parts of the world.
The regional prevalence of G6PD deficiency in Africa,
ranges from 15 to 26% [4]. G6PD deficiency contributes
to hyperbilirubinemia and jaundice in newborns, putting
infants at risk for acute bilirubin encephalopathy within
the first few days of life that may result in subsequent
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death or kernicterus spectrum disorder. Kernicterus
spectrum disorder is manifest by hearing deficits, behavior problems, and long-lasting neurologic damage [5].
G6PD deficiency can also cause morbidity in persons
receiving antimalarials such as dapsone or primaquine,
by causing hemolysis and hemoglobinuria [6, 7]. These
factors contribute to the overall public health burden in
this condition.
Glucose-6-phosphate dehydrogenase deficiency is
reported to confer partial resistance to malaria in deficient males as well as in heterozygous females, explaining
its higher prevalence in malaria-endemic regions [1, 8,
9]. In this study, we determined the prevalence of G6PD
deficiency in over 1000 male Cameroonian blood donors
using the fluorescent spot test. Donors also underwent
standard screening for syphilis, hepatitis B virus (HBV),
hepatitis C virus (HCV), HIV-1, and HIV-2. We evaluated the donor screening results for associations with
G6PD deficiency.
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Main text
Subjects studied

We assessed the prevalence of G6PD deficiency and its
association with infectious disease screening Cameroonian blood donors at Mbingo Baptist Hospital (Mbingo,
Cameroon). Per the previously established Mbingo Baptist Hospital blood donation system, potential donors
underwent a standardized donation process between January 2016 and July 2017. A standardized questionnaire
eliminated donors with recent illness, recent blood donation, intravenous drug use, history of jaundice or hepatitis, history of known sexually transmitted infection, or
known significant comorbidities (known blood disease,
cancer, gastrointestinal bleeds, diabetes, thyroid disease,
or kidney disease). Potential donors underwent a series
of screening tests, including those for anemia and ABO
blood typing. Donors were screened for infections using
commercially available detection systems. Syphilis detection was done via rapid plasma reagin test (RPR, ACON
Laboratories, San Diego, CA), hepatitis B surface antigen
using an enzyme immunoassay (EIA, ACON Laboratories, Healthmate rapid hepatitis C viral antigen test (DFI
Co. Ltd., Gimhae, Korea), HIV-1 and HIV-2 were determined using Alere Determine (Waltham, MA) or First
Response HIV1-2-0 (Premier Medical Corporation, Denver, CO). ABO testing was performed via standard serological reactivity assays.
Glucose‑6‑phosphate dehydrogenase assay

Approximately 200 µL of whole blood from each donor
was frozen within 4 h of collection at − 70 °C in a low
temperature freezer which was monitored daily. Samples
were thawed one time, which was at the time of assay.
G6PD deficiency was determined using the Beutler fluorescent spot test [10]. The fluorescent spot test works
on the principle that NADPH, which is produced from
NADP in a reaction catalyzed by G6PD, fluoresces under
long-wave ultra-violet light. A fluorescent spot indicates
G6PD activity is present [10]. All samples were run in
batch at the end of the study.

Results and discussion
We screened a total of 1512 donors over 18 years and
identified 7.1% as G6PD-deficient (Fig. 1). The cohort of
blood donors was predominantly male (74%, n = 1001).
It is well known that most all enzymatic tests for G6PD
deficiency can give false negative results in females due
to X-linked heterozygosity and random X inactivation
[11, 12]. Therefore, the remainder of our analyses focused
on the cohort of 1001 male blood donors. We found the
prevalence of G6PD-deficiency in males to be 7.9%. This
result is in line with historic publication of prevalence

Fig. 1 Flow diagram of blood donor screening

of G6PD deficiency in Cameroon with Bernstein el al
reporting 6.4% and 5.7% [13, 14]. There have been mixed
publications that show G6PD prevalence can decrease
with age, suggesting reduced health fitness in those that
are G6PD-deficient, though this has not been confirmed
in large studies [11, 15, 16]. The mean age of G6PD-deficient blood donors in our study was 32.8 years compared
to 31.6 years in G6PD normal donors (p = 0.27). Among
G6PD-deficient donors, there was no difference in prevalence of deficiency by age quartile (Chi square p = 0.69,
Table 1).
Evaluation of hemoglobin (Hgb) concentration between
G6PD normal (14.8 g/dL) and G6PD-deficient donors
(14.9 g/dL)(Fig. 2a, p = 0.52) revealed no significant difference. This may be expected given that the African
G6PD variant (A−) is often a WHO class III (retaining
10–60% residual activity), and hemolysis and anemia are
often preceded by a “trigger”, i.e. infection, medication,
drugs, specific foods (fava beans being the prototype) [1].
There were also no differences in the distribution of ABO
or Rhesus factor between deficient and normal groups
(Fig. 2b).
Interestingly, infectious disease screening tests showed
that G6PD-deficient donors had a significantly higher
prevalence of hepatitis C virus (HCV) and rapid plasma
reagin (RPR) positivity as compared to normal donors
(p = 0.024 and 0.034, respectively, Fig. 2c). There was no
difference in HepBsAg or HIV-1 reactivity. There were
no HIV-2 positive, G6PD-deficient males. An association
between syphilis and hepatitis C exposure has not been
described in the literature [11], although two studies
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Table 1 G6PD prevalence in male Cameroonian blood
donors
n

G6PD deficient

Rate (%)

Cohort

1512

95

7.1

Males

1001

79

7.9

Males, 18–29.9 years

474

38

8.0

Males, 30–39.9 years

296

21

7.1

Males, 40–49.9 years

159

15

9.4

Males, 50–59.9 years

56

5

8.9

Males, > 60 years

16

0

0.0

have shown an association between G6PD deficiency and
increased clinical severity of hepatitis A and E [17, 18].
Whether this was related to G6PD-associated red cell fragility or an innate immune system defect was not known.
Note, we determined that the mean Hgb for those with
G6PD deficiency and HCV reactive was 15.1 g/dL versus
with G6PD deficiency and HCV non-reactive was 15.2 g/
dL (p = 0.90) consistent with a prior report that G6PD

deficiency is not associated with an increased risk of
hemolysis [19]. The mean Hgb for those with G6PD deficiency and RPR reactive was 15.3 g/dL versus G6PD deficiency and RPR non-reactive was 15.1 g/dL (p = 0.74).
The associations between G6PD and blood donation
infection disease screening were surprising and previously undescribed in the literature. Though, there have
been case reports and small case series that G6PD deficiency can exacerbate infections and clinical presentation [17, 18, 20–23]. For example, Au et al. and Gotsman
et al. both reported more severe clinical presentations
of patients with Hepatitis E virus (HEV) and Hepatitis
A virus (HAV), respectively [17, 18]. Similarly, Jain et al.
reported significantly higher levels of indirect bilirubin
and longer hospital stay in patients with G6PD deficiency
with acute viral hepatitis (HAV or HEV) compared to
those that did not have G6PD deficiency [22]. While
these cases represent increased severity of disease presentation, a mechanism of increased infection risk is not
known.
Theoretically, the pathophysiology of G6PD deficiency
may contribute to potential immune dys-regulatory

Fig. 2 Hematologic parameters and infectious disease screening amongst G6PD normal and deficient blood donors. a Mean hemoglobin
concentrations if Cameroonian blood donors. Show are the means and standard deviations. b Distribution of ABO blood type in Cameroonian
blood donors. c Rate of infectious disease screen positivity in G6PD normal and deficient males Cameroonian blood donors. p-values were
generated using a Chi square analysis
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relationships between G6PD deficiency and infection.
The activity of G6PD is an essential step in the production of NADPH and reduced glutathione protecting
erythrocytes from free radicals and associated oxidative
stress. White blood cells also utilize NADPH-regulated
pathways (among others) that contribute to the bactericidal respiratory burst. Prior studies have shown that leukocytes or neutrophils from patients with severe (class I)
G6PD deficiency have decreased reactive oxygen species
(ROS) production, potentially contributing to increased
susceptibility to infectious disease [24, 25]. Supporting
this mechanism, Siler et al. showed that in three siblings
with severe G6PD deficiency, there was reduced NADPH
oxidase activity in their granulocytes and reduced NETosis, contributing to susceptibility to bacterial infection [26]. It should be noted that the African type of
G6PD deficiency if often a milder form (Class III) than
the severe G6PD deficiency (Class I). Finally, RostamiFar et al. similarly showed that the prevalence of G6PD
deficiency in infants with sepsis (n = 76) was higher than
that of non-septic neonates (n = 1214) at 10.9% and 2.9%,
respectively (p = 0.03) [21]. Sepsis mostly consisted of
Gram-positive bacteria in the G6PD deficient group
(62.5%) while Gram negative bacteria were more common the G6PD normal group (55.9%).
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Limitations
Limitations include the fact that it was a cross-sectional
study and from a single site where confirmatory testing
of infections was not routinely performed. Additionally,
testing is based on prior exposure and antibody responsiveness. An alternative explanation for the associations observed in this study could be a higher antibody
response generated in G6PD deficient donors after exposure. For these reasons, our findings need to be repeated
in other centers and populations to confirm validity but
suggest a previously undescribed link between G6PD
deficiency and infectious disease screening in adult male
blood donors that may be important for future public
health inquiries.

Received: 13 December 2018 Accepted: 25 March 2019

Abbreviations
G6PD: glucose-6-phosphate dehydrogenase; WHO: World Health Organization; HIV: human immunodeficiency virus; HBV: hepatitis B virus; HCV: hepatitis
C virus; RPR: rapid plasma reagin; EIA: enzyme immunoassay; ROS: reactive
oxygen species.
Authors’ contributions
SML, SC, and AA performed assays. EH, SEC, TMS critically edited the manuscript, SML and AK built the data tables, TCL designed the assays and authored
the manuscript. All authors read and approved the final manuscript.
Author details
1
Nationwide Children’s Hospital, The Ohio State University, Columbus, OH,
USA. 2 Mbingo Baptist Hospital, Mbingo, Cameroon. 3 Division of Global
Pediatrics, Department of Pediatrics, University of Minnesota, Minneapolis,

Acknowledgements
Not applicable.
Competing interests
The authors declare that they have no competing interests.
Availability of data and materials
The datasets used and/or analysed during the current study are available from
the corresponding author on reasonable request.
Consent for publication
Not applicable.
Ethics approval and consent to participate
This study was approved by the Cameroon Baptist Convention Institutional
Review Board (IRB) and the Committee on the Use of Human Subjects in
Research at the University of Minnesota. All methods were performed in
accordance with the relevant guidelines and regulations of both institutions
and conducted according to the principles expressed in the Declaration of
Helsinki. No identifying information nor samples drawn above and beyond
the standard volume were obtained for this study. Both IRB’s agreed that
individual informed consent was not required for this study.
Funding
Not applicable.

Publisher’s Note

Springer Nature remains neutral with regard to jurisdictional claims in published maps and institutional affiliations.

References
1. Cappellini MD, Fiorelli G. Glucose-6-phosphate dehydrogenase deficiency. Lancet. 2008;371(9606):64–74.
2. Nkhoma ET, Poole C, Vannappagari V, Hall SA, Beutler E. The global prevalence of glucose-6-phosphate dehydrogenase deficiency: a systematic
review and meta-analysis. Blood Cells Mol Dis. 2009;42(3):267–78.
3. Glucose-6-phosphate dehydrogenase deficiency. WHO Working Group.
Bull World Health Org. 1989; 67(6):601–11.
4. Howes RE, Piel FB, Patil AP, Nyangiri OA, Gething PW, Dewi M, Hogg MM,
Battle KE, Padilla CD, Baird JK, et al. G6PD deficiency prevalence and
estimates of affected populations in malaria endemic countries: a geostatistical model-based map. PLoS Med. 2012;9(11):e1001339.
5. Le Pichon JB, Riordan SM, Watchko J, Shapiro SM. The neurological
sequelae of neonatal hyperbilirubinemia: definitions, diagnosis and
treatment of the kernicterus spectrum disorders (KSDs). Curr Pediatr Rev.
2017;13(3):199–209.
6. Luzzatto L, Seneca E. G6PD deficiency: a classic example of pharmacogenetics with on-going clinical implications. Br J Haematol.
2014;164(4):469–80.
7. Kheng S, Muth S, Taylor WR, Tops N, Kosal K, Sothea K, Souy P, Kim S, Char
CM, Vanna C, et al. Tolerability and safety of weekly primaquine against
relapse of Plasmodium vivax in Cambodians with glucose-6-phosphate
dehydrogenase deficiency. BMC Med. 2015;13:203.
8. Luzzatto L. G6PD deficiency: a polymorphism balanced by heterozygote
advantage against malaria. Lancet Haematol. 2015;2(10):e400–1.
9. Uyoga S, Ndila CM, Macharia AW, Nyutu G, Shah S, Peshu N, Clarke GM,
Kwiatkowski DP, Rockett KA, Williams TN, et al. Glucose-6-phosphate
dehydrogenase deficiency and the risk of malaria and other diseases in
children in Kenya: a case-control and a cohort study. Lancet Haematol.
2015;2(10):e437–44.

Lauden et al. BMC Res Notes

(2019) 12:195

10. Beutler E, Mitchell M. Special modifications of the fluorescent screening
method for glucose-6-phosphate dehydrogenase deficiency. Blood.
1968;32(5):816–8.
11. Beutler E. G6PD deficiency. Blood. 1994;84(11):3613–36.
12. Beutler E. Glucose-6-phosphate dehydrogenase deficiency: a historical
perspective. Blood. 2008;111(1):16–24.
13. Bernstein SC, Bowman JE, Kaptue Noche L. Population studies in Cameroon: hemoglobin S, glucose-6-phosphate dehydrogenase deficiency
and falciparum malaria. Hum Hered. 1980;30(4):251–8.
14. Bernstein SC, Bowman JE, Noche LK. Interaction of sickle cell trait and
glucose-6-phosphate dehydrogenase deficiency in Cameroon. Hum
Hered. 1980;30(1):7–11.
15. Heller P, Best WR, Nelson RB, Becktel J. Clinical implications of sickle-cell
trait and glucose-6-phosphate dehydrogenase deficiency in hospitalized
black male patients. N Engl J Med. 1979;300(18):1001–5.
16. Petrakis NL, Wiesenfeld SL, Sams BJ, Collen MF, Cutler JL, Siegelaub AB.
Prevalence of sickle-cell trait and glucose-6-phosphate dehydrogenase
deficiency. N Engl J Med. 1970;282(14):767–70.
17. Gotsman I, Muszkat M. Glucose-6-phosphate dehydrogenase deficiency
is associated with increased initial clinical severity of acute viral hepatitis
A. J Gastroenterol Hepatol. 2001;16(11):1239–43.
18. Au WY, Chan SC. Association between glucose 6-phosphate dehydrogenase (G6PD) deficiency and fatal outcome of hepatitis E infection in
middle-aged men. Singapore Med J. 2012;53(2):148–9.
19. Grattagliano I, Russmann S, Palmieri VO, Juni P, Bihl F, Portincasa P, Palasciano G, Lauterburg BH. Low membrane protein sulfhydrils but not G6PD
deficiency predict ribavirin-induced hemolysis in hepatitis C. Hepatology.
2004;39(5):1248–55.

Page 5 of 5

20. Sanna M, Caocci G, Ledda A, Orru F, Fozza C, Deias P, Tidore G, Dore F,
La Nasa G. Glucose-6-phosphate dehydrogenase deficiency and risk of
invasive fungal disease in patients with acute myeloid leukemia. Leuk
Lymphoma. 2017;58(11):2558–64.
21. Rostami-Far Z, Ghadiri K, Rostami-Far M, Shaveisi-Zadeh F, Amiri A, Rahimian Zarif B. Glucose-6-phosphate dehydrogenase deficiency (G6PD) as a
risk factor of male neonatal sepsis. J Med Life. 2016;9(1):34–8.
22. Jain AK, Sircar S, Jain M, Adkar S, Waghmare C, Chahwala F. Increased
morbidity in acute viral hepatitis with glucose-6-phosphate dehydrogenase deficiency. Indian J Gastroenterol. 2013;32(2):133–4.
23. Feily A, Namazi MR. Glucose-6-phosphate-dehydrogenase deficiency
may impart susceptibility to the development of AIDS. Arch Med Res.
2011;42(1):77.
24. Cooper MR, DeChatelet LR, McCall CE, LaVia MF, Spurr CL, Baehner RL.
Complete deficiency of leukocyte glucose-6-phosphate dehydrogenase
with defective bactericidal activity. J Clin Investig. 1972;51(4):769–78.
25. Hsieh YT, Lin MH, Ho HY, Chen LC, Chen CC, Shu JC. Glucose-6-phosphate
dehydrogenase (G6PD)-deficient epithelial cells are less tolerant to infection by Staphylococcus aureus. PLoS ONE. 2013;8(11):e79566.
26. Siler U, Romao S, Tejera E, Pastukhov O, Kuzmenko E, Valencia RG, Meda
Spaccamela V, Belohradsky BH, Speer O, Schmugge M, et al. Severe
glucose-6-phosphate dehydrogenase deficiency leads to susceptibility
to infection and absent NETosis. J Allergy Clin Immunol. 2017;139(1):212
e213–219 e213.

Ready to submit your research ? Choose BMC and benefit from:

• fast, convenient online submission
• thorough peer review by experienced researchers in your field
• rapid publication on acceptance
• support for research data, including large and complex data types
• gold Open Access which fosters wider collaboration and increased citations
• maximum visibility for your research: over 100M website views per year
At BMC, research is always in progress.
Learn more biomedcentral.com/submissions

