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Background: Individuals with sickle cell disease (SCD) are susceptible to infective condi-
tions that predispose them to hemolysis and anemia. Folic acid is recommended as 
a preventative measure against anemia in SCD patients; however, there is scarce literature 
on the implications of this practice.
Patients and Methods: Plasma concentrations of folate were measured in acutely ill 
pediatric SCD patients presenting with malaria or bacteremia and compared with those of 
SCD patients in steady state, or acutely ill non-SCD patients with confirmed malaria.
Results: The proportion of individuals with high (>45.3 nmol/L) folate concentrations was 
29.5% (13/44), 18.2% (8/44), 33.3% (6/18), and 0% in the SCD-malaria, SCD steady state, 
SCD bacteremia, and the non-SCD malaria groups, respectively. The proportion of SCD 
patients with high folate levels did not vary significantly at steady state and during confirmed 
malaria (p = 0.216), and during acute bacteremia (p = 0.20). The median (interquartile range) 
plasma folate levels were 34.50 (24.40–52.00 nmol/L), 33.40 (15.83–60.85 nmol/L), 30.85 
(24.68–39.65 nmol/L), and 13.30 (10.03–17.18 nmol/L), respectively, in the SCD malaria, 
SCD bacteremia, SCD steady state, and the non-SCD malaria sub-groups. The median folate 
levels of SCD steady state, SCD malaria, and SCD bacteremia sub-groups differed signifi-
cantly (p < 0.0001) when compared with non-SCD patients, but the levels in the SCD 
bacteremia and malaria groups were not significantly different from the SCD steady state 
group.
Conclusion: Elevated levels of plasma folate were found in a high proportion of pediatric 
SCD patients. The implications of such elevated folate levels in pediatric SCD patients are 
unknown but may suggest a need for review of current recommendations for prophylactic 
doses of folic acid in SCD patients.
Keywords: folate, sickle cell disease, malaria, bacteremia

Introduction
Individuals with sickle cell disease (SCD) have grossly reduced erythrocyte half- 
lives and are at increased risk of chronic hemolytic anemia1 and folate deficiency.2 

Affected persons are expected to have higher needs for folate supplementation 
compared to non-SCD individuals. Accordingly, the World Health Organization 
(WHO) recommends folic acid supplementation to prevent anemia in persons with 
SCD. The rationale for routine supplementation with folic acid in the management 
of SCD patients includes maintenance of effective erythropoiesis, compensation for 
increased requirements,3 and reduction of endothelial cell damage.4 This notwith-
standing, folate supplementation has been associated with adverse consequences 
such as masking of vitamin B12 deficiency,5 increased or reduced natural killer 
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cytotoxicity among women with a diet low (< 233 µg/d) or 
high (>400 µg/d) in folate, respectively,6 and increased 
inflammation.7 Moreover, there is scarce literature on the 
potential effect of folic acid supplementation on important 
clinical outcomes in SCD patients.8

In endemic areas, malaria is the most common cause of 
acute crises in SCD patients and is associated with a worse 
outcome as compared to non-SCD patients. There is con-
flicting evidence on the role of folate supplementation in 
the context of malaria in SCD patients: high dietary folate 
has been shown to increase parasite replication in animals, 
and to aid in vitro growth for survival of malaria 
parasites,9 while other studies have demonstrated 
a protective effect of folate deficiency against malarial 
infection.10 In humans, pregnant women consuming high- 
folate diets have low malaria infection rates,11 while folate 
deficiency has also been implicated in susceptibility to 
malaria.12,13

There are no reports on whether currently recom-
mended or prescribed doses of folic acid maintain folate 
levels within therapeutic levels, or whether variations in 
folate levels occur during acute infections in SCD patients. 
In this study therefore, we measured plasma folate con-
centrations in SCD patients in steady state and compared 
these with folate levels in acutely ill SCD patients with 
either parasitologically confirmed malaria or culture- 
positive bacteremia. We compared the folate levels in 
these SCD patient groups with those of acutely ill non- 
SCD patients with confirmed malaria.

Patients and Methods
Study Site
The study was conducted at the Pediatric Emergency Unit 
and Pediatric Sickle Cell Clinic of the Department of 
Child Health, Korle Bu Teaching Hospital (KBTH), 
Accra, Ghana. The Department of Child Health in KBTH 
provides service to children from birth to age 12 years, and 
over 35,000 children are seen in the general and sub- 
specialty clinics annually. The Pediatric Sickle Cell 
Clinic provides acute and follow-up care for children 
with SCD. It is held once a week with an average weekly 
attendance of 60–70. The Department has a “walk in” 
policy for children with SCD with an acute illness. These 
children are assessed in the outpatient clinic or emergency 
room 24 hours a day. All SCD patients attending the 
Pediatric Sickle Cell Clinic are routinely put on folic 
acid, 5 mg daily.

Study Population and Recruitment
Acutely ill children of known SCD status presenting to the 
Pediatric Emergency Department or Pediatric Sickle Cell 
Clinic of KBTH were referred to the study team, where 
they were examined and recruited if study criteria were 
fulfilled and if written informed consent was obtained 
from the accompanying parent or guardian. Inclusion cri-
teria for the study were: child of confirmed SCD genotype 
aged between 6 months to 12 years with an acute febrile 
illness (history of fever within the past 72 hours, or an 
axillary temperature ≥ 37.5°C, at presentation). A detailed 
medical history and clinical examination was performed, 
and a preliminary working clinical diagnosis was made 
based on the presenting symptoms, signs, and evaluation 
assessment. SCD children in steady state visiting the clinic 
for scheduled evaluations and whose blood films were 
negative for malaria parasites on the day of visit were 
recruited as a comparison group. In addition, a group of 
acutely ill non-SCD children (Hb genotype, AA) with 
confirmed Plasmodium falciparum malaria were recruited 
from the adjoining primary care facility (Korle Bu 
Polyclinic) as a further comparison group. The inclusion 
and exclusion criteria for the non-SCD (HbAA) children 
were the same as for the SCD children apart from hemo-
globin genotype.

After completion of initial study procedures, venous 
blood was obtained for routine hematological and micro-
biological investigations. Appropriate treatment was 
immediately initiated according to departmental 
guidelines.

Laboratory Investigations
Malaria Microscopy
Thick and thin blood smears were prepared from an EDTA 
blood sample and stained with Giemsa for identification 
and quantification of Plasmodia species. Asexual malaria 
parasitemia (expressed as parasites per microliter of whole 
blood) was determined by counting the number of asexual 
stage parasites relative to 200 white blood cells (WBC), 
and multiplied by the measured WBC count. A slide was 
declared negative if no parasites were seen in at least 100 
oil immersion high-power fields on the thick smear. Each 
slide was read independently by two microscopists, and 
approximately 10% of all slides were read by a third 
expert microscopist who was independent of the study. In 
those with confirmed malaria, microscopy was repeated 14 
days later.
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Hematological Analyses
The hemoglobin level, total white blood cell (WBC), and 
differential counts were measured by means of an auto-
mated hematology analyzer (Sysmex KX-21N, Sysmex 
Inc, USA).

Blood Culture
Blood culture was done using a fully automated BACTEC 
9240 blood culture system (Becton Dickinson Diagnostic 
Instrument Systems, Sparks, Md). A positive reading indi-
cates the presumptive presence of viable microorganism. 
Positive cultures were flagged by an indicator light on the 
front of the BACTEC instrument. Vials stayed in the 
BACTEC for at least 5 days before declaring a negative 
result.

Folate Assay
Blood samples collected in standard gel tubes were imme-
diately centrifuged and stored at 2–8°C, until analysis for 
folate levels. Folate levels were measured by use of 
Elecsys Folate III assay reagent kit on an Elecsys 2010 
analyzer (Roche Diagnostic Limited, Switzerland), accord-
ing to the manufacturer's protocol. This method is based 
on competitive test principle using folate-specific natural 
folate binding protein (FBP), in which folate present in 
a sample competes with the added biotin-labeled folate for 
binding sites on the FBP (labeled with ruthenium com-
plex). The reference range was 4.5–45.3 nmol/L.14

Ethical Considerations
The study was approved by the Ethical and Protocol 
Review Committee, University of Ghana Medical School 
(MS-Et/1-P.5.4/2009–2010). Informed consent was 
obtained from parents or guardians of all recruited partici-
pants. The study was conducted in accordance with the 
Declaration of Helsinki.

Statistical Analysis
Median folate levels in various groups were compared 
using Kruskal–Wallis one-way analysis of variance 
(ANOVA) followed by Dunn’s multiple comparisons test. 
For repeated folate levels (within the same group), paired 
t-test was used to compare folate levels. Group proportions 
were compared with chi-square test. A p < 0.05 was an 
indication of statistically significant difference. Data were 
analysed using R version 3.6.3 (R Core Team, 2020) and 
GraphPad Prism Version 6.

Results
Recruited Participants
A total of 146 participants were included; these comprised 84 
acutely ill patients with confirmed P. falciparum malaria, of 
which 44 were SCD patients and 40 were non-SCD (HbAA) 
patients; 44 were SCD children in steady state visiting the 
clinic for routine scheduled appointments (with a negative 
blood smear as well as negative malaria rapid diagnostic test 
[RDT] result on day of recruitment), and 18 SCD patients with 
an acute febrile illness, who were found to have a positive 
blood culture. Bacteria isolated were: Salmonella spp, n = 5; 
Staphylococcus aureus, n = 4; Enterococcus faecalis, n = 3; 
Enterobacter spp, n = 2; Streptococcus viridans, n = 2; 
Streptococcus pneumoniae, n = 1; and Klebsiella spp, n = 1.

Presenting Symptomatology and Baseline 
Clinical and Laboratory Parameters
In the SCD malaria sub-group, the predominant presenting 
symptoms were fever, pain syndrome, headache, chills/ 
rigors, general malaise, jaundice, vomiting, and dark 
urine; while fever, pain syndrome, and cough were pre-
dominant in the SCD bacteremia group; and fever, vomit-
ing, headache, abdominal pain, and loss of appetite 
occurred more frequently in the non-SCD malaria sub- 
group. The main presenting symptoms are shown (Table 
1). A selection of baseline clinical and laboratory para-
meters of the recruited patients, showing lower hemoglo-
bin and higher white blood cell and platelet counts in the 
SCD sub-groups, is shown (Table 2).

Median Folate Levels Among the 
Different Clinical Sub-Groups
The data showed significantly overall comparatively high 
median serum folate levels in the SCD patients with 
malaria (median; interquartile range [IQR]), 34.50; 24.-
40–52.00 nmol/L versus 33.40; 15.83–60.85 nmol/L in 
SCD patients with acute bacteremia, and only slightly, 
non-significantly lower median (with IQR) levels in the 
SCD in steady state group (30.85; 24.68–39.65 nmol/L). 
The lowest median levels were observed in the non-SCD 
(HbAA) patients with acute malaria sub-group (13.30; 
10.03–17.18 nmol/L), as shown in Figure 1.

There was no significant difference in the median (IQR) 
folate levels between SCD in steady state and SCD patients 
with acute falciparum malaria, versus SCD patients with 
acute bacteremia (p > 0.05). The median (IQR) folate levels 
of the SCD participants sub-groups (SCD in steady state, 
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SCD patients with acute falciparum malaria, and SCD 
patients with acute bacteremia) differed significantly (p < 
0.0001) on comparison with non-SCD patients with malaria. 
The median (IQR) folate levels in the SCD patients with 
acute falciparum malaria on Day 14 (when malaria parasi-
temia had cleared) had reverted to levels comparable to 
those of the SCD at steady state. There was an appreciable 
difference between the median (IQR) folate levels in the 
SCD patients with acute falciparum malaria on Day 14 
compared to Day 0 as shown in Figure 2; however, the 
difference did not attain statistical significance (p = 0.07). 
A summary of the median folate levels in the various sub- 
groups is shown in Figure 1.

Proportion of Individuals with High Folate 
Levels Among the Different Clinical 
Sub-Groups
The proportion of individuals with high (> 45.3 nmol/L) 
folate concentrations in the different clinical sub-groups 

was 29.5% (13/44), 18.2% (8/44), 33.3% (6/18), and 0%, 
respectively, in the SCD-malaria positive on Day 0, the SCD 
steady state, the SCD bacteremia, and the non-SCD (HbAA) 
groups. The proportion of SCD patients with folate levels > 
45.3 nmol/L did not vary significantly at steady state and 
during confirmed malaria on Day 0 (p = 0.216), and during 
acute bacteremia (p = 0.20). None of the participants had 
folate levels below the normal reference range. The propor-
tion of SCD malaria patients, 22.6% (7/31), with high folate 
levels (as well as median folate levels) 14 days later was 
comparable to that of the SCD steady state participants.

Hematological Indices in Sub-Groups with 
Elevated or Normal Folate Levels
A summary of selected hematological and other parameters in 
those with elevated versus normal folate in the groups are as 
shown in Table 3. The correlation coefficient (95% CI) 
between folate and hemoglobin was −0.09 (−0.24 to 0.07) 
(p = 0.288).

Discussion
In this study, elevated levels of plasma folate were observed in 
the SCD patient sub-groups. The observed high levels of folate 
in this study are consistent with findings from another study in 
SCD patients15 and are likely a result of “over-supplementa-
tion” (dietary intake plus daily intake of folic acid). Although 
the full implications of elevated folate levels are yet to be 
determined, high plasma folic acid levels have been shown to 
be correlated inversely with natural killer cell cytotoxicity,16 

thus, further studies of prospective design may be needed to 
determine the potential contributory role of such elevated 
folate levels on infection status in SCD patients.

The possibility of a higher requirement for folate due 
to hemolysis, or an effect of oxidative stress imposed by 
the infecting pathogen, could account for the overall folate 
levels in the SCD malaria sub-group, especially as the 
median folate values in this sub-group on Day 14 (when 
parasitemia had cleared) was higher and comparable to the 
steady state sub-group.

Patients with SCD have decreased erythrocyte half-life 
and higher erythropoiesis rates,17 necessitating higher diet-
ary intake of macro- and micronutrients. Folate metabo-
lism is essential for the proper functioning of all living 
cells,18 and folate deficiency disproportionately inhibits 
development and propagation of rapidly proliferating 
cells.19 A high folate intake, on the other hand, may be 
associated with deleterious effects, including effects on 

Table 1 Presenting Symptoms in the Acutely Ill Groups

Symptom SCD 
Malaria 
(n = 44)

SCD 
Bacteremia 
(n = 18)

Non-SCD 
Malaria 
(n = 40)

Fever 33 25 37

Pain 
syndrome

27 22 17

Headache 10 4 21

Chills/rigor 9 2 1
Jaundice 7 2 0

Vomiting 4 3 32
Dark urine 4 0 0

Cough 3 8 6

General 
malaise

5 0 6

Loss of 

appetite

3 2 11

Coryza 1 2 2

Priapism 1 0 0

Diarrhea 0 0 1
Dizziness 1 0 1

Convulsion 0 0 3

Skin rash 0 2 0
Sore throat 1 0 0

Collapse 1 0 0

Notes: Majority of participants presented with more than one symptom; therefore, 
data are not 100% cumulative. Fever = temperature ≥ 37.5 °C; Pain syndrome in 
SCD groups in order of occurrence = lower limb pain, 12; upper limb pain, 9; 
abdominal pain, 8; hip/waist pain, 6; rib/sternum pain, 4; back pain, 3; generalized 
bone pain, 2; pain on walking, 2; neck pain, 1; unspecified joint pain,1. All complaints 
of pain in non-SCD group = abdominal pain.
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embryonic development,20 organ injury,21 and, under cer-
tain circumstances, the risk of carcinogenesis.22

SCD patients with acute malaria have significantly 
elevated oxidative stress,23 which may derive from the 
immune activation by reactive oxygen species against 
the malarial parasite,24 and oxidative stress reduces 
intestinal absorption of dietary folic acid.25 It is consid-
ered, on the other hand, that, because reticulocytes are 
richer in folate than are matured erythrocytes, compen-
satory erythrocytosis and reticulocytosis associated with 
hemolysis would be expected to result in high intraery-
throcytic folate levels,26 which would be contrary to the 
observations from this study. It has also been suggested 
that, since folate (and other B-group vitamins) facilitate 
DNA repair especially in the presence of oxidative 

stress,27 and folate depletion reduces proliferation of 
cells from hematopoietic lineages involved in the immu-
nological response to infection,19,28 the overall effect of 
the observed lower folate levels in SCD patients with 
acute infection is uncertain, especially as folate supple-
mentation may lead to downregulation of both intestinal 
and renal folate uptake processes. Other observations 
suggest that reference values of folate, which is estab-
lished essentially for HbAA (non-SCD) individuals, may 
be inadequate to establish folate status of patients with 
diseases characterized by rapid erythrocyte turnover, 
including SCD patients.29 The full implications of the 
observed elevated folate levels may thus be difficult to 
determine, and further prospective studies of the effect 
of lower doses of oral folic acid supplementation, and 

Table 2 Baseline Demographic and Clinical Characteristics in Clinical Sub-Groups

Parameters SCD with Positive Blood 
Smear for Malaria

SCD with Positive Blood 
Culture

SCD in Steady State Non-SCD with Positive 
Blood Smear for Malaria

Age (years)** 6.17 (4.76, 7.99) 4.39 (3.26, 5.9) 6.84 (5.93, 7.89) 7.83 (6.73, 9.11)

Weight (kg) 25.19 ±11.16 

24.00 (20.38, 27.00)

17.13 ±7.87 

14.50 (11.50, 29.00)

19.36 ±6.49 

18.50 (13.00, 23.50)

22.72 ±9.57 

21.50 (18.00, 27.25)
Temperature (°C) 36.84 ± 6.07 

37.90 (36.80, 38.52)

38.09 ± 1.03 

38.00 (37.80, 38.60)

37.82 ± 1.19 

37.45 (37.02, 39.10)

38.87 ± 0.78 

38.80 (38.40, 39.55)

Parasite Density 
(/µL) **

10,012.22 ± 24,134.36 
1400.00 (96.00, 5680.00)

23,186.67 ± 34,921.95 
6120.00 (3100.00, 34,740.00)

- 57,558.1 ± 117,546.31 
25,440.00 (13,600.00, 36,000.00)

Hemoglobin (g/dL) 6.22 ± 2.21 

5.90 (4.90, 7.00)

7.71 ± 2.01 

7.65 (6.02, 8.75)

8.03 ± 1.86 

7.80 (7.05, 8.82)

10.34 ± 1.62 

10.60 (9.80, 11.60)
WBC count (/µL) 23.26 ± 17.69 

17.10 (11.40, 29.60)

27.86 ± 28.64 

16.70 (10.47, 29.53)

13.53 ± 4.22 

13.50 (11.00, 16.30)

7.53 ± 2.59 

7.40 (6.10, 8.50)
Platelets (/µL) 276.35 ± 155.86 

241.00 (177.75, 349.00)

302.12 ± 169.98 

230.50 (193.00, 400.50)

429.84 ± 213.52 

388.00 (276.00, 524.25)

120.05 ± 78.52 

106.00 (45.00, 186.00)

Folate (nmol/L) 39.52 ± 24.21 
32.50 (24.30, 44.30)

37.46 ± 21.76 
33.40 (17.48, 57.58)

90.26 ± 199.63 
30.85 (24.82, 39.55)

14.97 ± 6.93 
13.20 (10.90, 16.80)

Notes: Data are Mean ± SD upper panels; and Median (IQR), lower panels. **Geometric mean (95% CI). SCD with malaria, SCD patients with confirmed malaria; SCD 
control, steady state sickle cell disease patients without malaria; Non-SCD, patients without sickle cell disease and with confirmed malaria.

Figure 1 A box plot showing the distribution of baseline folate levels (log base 10) 
in the various groups: Non SCD, patients without sickle cell disease and confirmed 
malaria; SCD with positive blood C/S, SCD patients with a positive blood culture; 
SCD positive for malaria, SCD patients with confirmed malaria; SCD control, SCD 
patients in steady state. The box represents the interquartile range with median 
folate levels. The bars represent the maximum and minimum levels.

Figure 2 A box plot showing the distribution of folate (log base 10) at presentation 
(Day 0), and at follow-up on Day 14, among SCD patients with confirmed malaria. 
SCD positive for malaria, SCD children with confirmed malaria on Day 0; SCD 
positive for malaria on Day 14, SCD children with confirmed malaria on Day 14. 
The box represents the interquartile range with median folate levels. The bars 
represent the maximum and minimum levels.
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the potential long-term effects of high folate levels in 
SCD patients receiving daily folic acid supplementation, 
are required.

In conclusion, the findings of this study showed 
elevated levels of plasma folate in this pediatric SCD 
population, suggesting that folate levels in SCD patients 
might be too high with current practice of folic acid 
supplementation. The findings also show that response 
of folate level to malaria or bacteremia might differ 
between SCD and non-SCD patients. These elevated 
folate levels may raise safety concerns in the light of 
scarcity of data on potential dose-related adverse effects 
related to folic acid intake. The long-term implications 
of these findings of elevated folate levels in pediatric 
SCD patients is difficult to determine but indicate 
a need to conduct studies in other regions, and may 
suggest a need for review of current recommendations 
regarding prophylactic doses of folic acid in SCD 
patients. Information on the correlation between reticu-
locyte counts and folate levels would have strengthened 
the data and is a limitation.
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