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1 | INTRODUCTION

Background: The prevalence of sickle cell trait is extremely high in sub-Saharan Africa.
Recent studies have reported the impact of sickle cell carriers on renal function.
However, data on renal abnormalities in children with sickle cell trait in this part of the
world are unknown. In this report, we assess the glomerular function of children with
sickle cell trait (SCT).

Methods: A case control study was conducted to assess the glomerular function in 43
Congolese children with sickle cell trait (Hb-AS) matched for age to 65 children with
sickle cell anemia in steady state (Hb-SS) and 67 normal controls (Hb-AA).

Results: There was a significant difference in the blood pressure levels between the
Hb-AS group vs Hb-SS group (P<.05). The estimated glomerular filtration rate (eGFR)
corrected for body surface area was increased in Hb-AS group compared to Hb-AA
group, but there was no significant difference between the two groups (P=.48). At the
same time, the eGFR was decreased, but no significantly so, in the Hb-AS group com-
pared to the Hb-SS group (P=.19). The proportion of children with Hb-AS (16.3%) who
had hyperfiltration was higher compared to the proportion (6.1%) found in the Hb-AA
group, but lower compared to the proportion found in the Hb-SS group (30%).
However, in both situations, the difference was not statistically significant. No case of
proteinuria was detected in children with Hb-AS.

Conclusion: It appears that at least one of six children with SCT had hyperfiltration.
The findings could form a basis for further studies on this renal physiology among SCT

individuals in Africa.
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that the presence of Hb-AS confers a resistance to severe forms of
malaria.*?
In the world, it is estimated that 300 million of people have the

Sickle cell trait (SCT) is a physiological condition in which individu-
als have one copy of normal beta globulin gene and another copy of
sickle variant gene. This situation leads to the production of hetero-
zygous Hb-AS.' SCT occurs commonly in the malarial regions with

intense transmission.* This geographical location is due to the fact

Michel Ntetani Aloni wrote the first draft of the manuscript.

sickle cell trait (SCT). In 2010, 5 476 407 (IQR: 5 290 779-5 679 288)
heterozygous AS neonates were born in the world.? Different migra-
tions have promoted the expansion of the gene in other parts of the
world.® In United States, the sickle cell trait varies from 7% to 10%
among African descendants.*? The higher concentration of this sickle
cell trait is found in Africa, in the Mediterranean region and the Middle
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West. 10 sub-Saharan Africa accounts for about 64% of newborns trait
carriers.?

In the Democratic Republic of Congo (DRC), the prevalence of SCT
is extremely high and the sickle hemoglobin beta globin gene is carried
by 25%-30% of the population.!’ Recent population-based studies
have calculated the prevalence of SCT to range from 17% to 23% in
Congolese neonates and the incidence to be approximately 489 745
(IQR: 455 733-524 014) newborns per year.>1%13

Sickle cell trait is considered as an asymptomatic condition with
no increased morbidity and mortality in individuals.'>*> The chil-
dren with Hb-AS living in endemic malaria area have some resistance
to falciparum malaria infection.*®'” However, recent studies have as-
sociated complications due to the presence of the hemoglobin 5.182
To these complications, the kidney is also an organ of considerable im-
pact on the clinical course of individuals with SCT.?*2% A recent study
in the United States showed that the SCT may be associated with
the higher risk of kidney disease in young adult African Americans,
suggesting a genetic predilection.?”-?® Individuals with SCT are at high
risk due to inadequate detection of renal complications in the general
population.

Despite this high prevalence of the SCT in the general population
and the renal high risk in sub-Saharan Africa, information about renal
complications in pediatric population with SCT are unknown. This sit-
uation presents the opportunity to investigate the early detection of
these renal complications especially in children with SCT and if possible,
their prevention in our midst. In this report, we assess and compare the
glomerular function of children with SCT compared to normal children
(Hb-AA) and children with Sickle Cell Anemia (SCA) in steady state (Hb-
SS) living in Kinshasa, DRC.

2 | MATERIALS AND METHODS

2.1 | Ethical consideration

Since all participants were minors, their legal guardians provided
consent for their study participation. This consent procedure was re-
viewed and approved by the National Ethical Committee of the Public
Health School of the University of Kinshasa, Kinshasa, DRC.

2.2 | Study design and population

The study was conducted in two health facilities in Kinshasa, the
University Hospital of Kinshasa (Division of Division of Haemato-
Oncology and Nephrology, Department of Paediatrics) and the Sickle
cell center of Yolo. These hospitals provide most of the non-private
pediatrics beds in Kinshasa for sickle cell patients.

Children aged 3-18 years with sickle cell trait were selected among
the family of patients with sickle cell disease regular monitoring in
these two health facilities. For each case, at least one normal child
(Hb-AA) and homozygous sickle cell child (Hb-SS) matched for age,
sex, and place of residence were recruited into the study. All sickle cell
children (Hb-SS) were free of pain for at least 30 days not hospitalized
or transfused for at least 100 days prior the study.

The following clinical and laboratory information were collected
and analyzed: (i) demographic characteristics, (i) blood pressure, (iii)

creatinine, uric acid, and urea, and (iv) proteinuria.

2.3 | Dataand sample collection

The following formula was used to estimate the minimum size of
the study population: n=Z%pq/d?. n=sample size; Z=confidence level
at 95% (1.96); p=proportion of the target population with microal-
buminuria. There was no previous renal data in pediatric population
with SCT in Africa. However, the chronic kidney disease prevalence
of 1.5%, found recently among high school students of Kinshasa, was
the reference value for this study.?’ g=proportion of the target popu-
lation without the characteristic of the study population (0.985) and
d=degree of accuracy (0.05). The minimum sample size was estimated
at 22 children. Each child with SCT was matched with one or two con-
trol AA-child and one or two control SS-child for age and place of
residence.

2.4 | Laboratory analysis

Children were excluded by appropriate clinical and laboratory investi-
gations when they presented prior known proteinuria, hypertension,
diabetes, HIV, HCV, renal, and cardiovascular diseases. We also excluded
children with previous blood transfusion in the 3 months prior to the
study.

Five 10 mL of blood sample were collected in all subjects. Sickle
cell screening was performed using isoelectric focusing (IEF) tech-
nique with the Multiphor Il apparatus (GE Healthcare, Little Chalfont,
England) at the Laboratory of Haematology of Centre Médical Monkole
of Kinshasa. The separation of different hemoglobin (F, A, S, and other
types of hemoglobin) was obtained after application on thin-layer
home-made agarose gel containing ampholytes pH 6-8 (ref.2117-003;
Pharmalyte pH 6.7-7.7; GE Healthcare).

Five milliliters of blood were drawn in EDTA tubes by venipuncture
in lithium heparin specimen bottles. The plasma separated from the
blood by centrifugation was used for estimation of creatinine using
the endpoint Jaffe reaction, uric acid using Folin method, and urea
using diacetylmonoxime. No dietary restrictions were imposed. These
tests were performed in the Clinical Biochemistry Laboratory of the
University Hospital of Kinshasa.

2.5 | Diagnosis of renal dysfunction

The diagnosis of glomerular dysfunction was defined as the pres-
ence of at least one of these following criteria: (i) the diagnosis of
hyperfiltration, (ii) diagnosis of renal failure, and/or (iii) presence
of positive dipstick. The diagnosis of chronic kidney disease was
defined as an estimated glomerular filtration rate (eGFR) <90 mL/
min/1.73 m2.%°

Blood pressure (BP) was measured in the sitting position after
5 minutes of relaxation and was measured twice in left arm using a

calibrated sphygmomanometer for pediatric patients (WelchAllyn,
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Hechingen, Germany) at heart level, by trained personnel. The defi-
nition of normal BP, hypertension, or hypotension had been based on
age- and height-specific percent'iles.31

Normal BP was defined as average systolic and diastolic BP
below the 90th percentile for age, gender, and height. Hypertension
was defined as average systolic or average systolic or average di-
astolic BP greater than the 95th percentile for age, gender, and
height. Hypotension was defined as BP<5th percentile for age and
height.

For estimated glomerular filtration rate determination, creatinine
clearance standardized to body surface area (BSA) was calculated for
children (<20 years) using formula of Schwartz 1976°2; Creatinine clear-
ance, mL/min/1.73 m*=(0.55xheight, cm)/(serum creatinine, mg/dL).

Body surface area (BSA; m?) was calculated using the DuBois and
DuBois formula: 0.007184xbody weight (kg)*?*xheight (cm)’?.2

Hyperfiltration was defined as a GFR >140 mL/min/1.73 m?2.34

Children were considered to have renal insufficiency if their total
serum creatinine concentrations were greater than upper limits of nor-
mal for age and sex established by Schwartz et al.*? in 1976.

All children provided a first morning fresh mid-stream urine sample
to detect proteins. Standard urine dipstick screening was performed
using Combur® 10 (Roche Diagnostics Gmbh, D-68298 Mannheim,
Germany). Patients with urine samples positive for blood, white blood
cells, or nitrites were excluded. Children were considered to have
proteinuria if three consecutive urinalyses were at least 1+ positive
for protein. If proteinuria by dipstick was positive, the measurement
of 24-hour quantitative urinary protein was obtained using Esbach
method and was collected from each participant.®

Hyperuricaemia was defined as a serum concentration as more
than 6.5 mg/100 mL.%¢

2.6 | Data management and statistical analysis

Statistical analysis was performed using the statistics software SPSS
for windows (15.0 SPSS, Chicago, USA). Data are represented as
means+SD when the distribution was normal and median with range

TABLE 1 Characteristics of the study population
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when the distribution was not normal. The analysis of Student’s t-test
was used for comparisons of means. Categorical variables were com-
pared using Fischer’s exact test. A P value <.05 was considered sig-
nificant. Patients with Hb-AS and without microalbuminuria in both
HIV-infected patients and HIV-negative group were compared using
Student’s t-test or U Mann-Whitney test for continuous variables,

and chi-square or Fisher’s exact tests for categorical data.

3 | RESULTS

3.1 | Baseline characteristics of participants

In all, 175 children, of whom 43 heterozygous for the B-globin S gene
mutation (Hb-AS), 67 children with normal Hb (Hb-AA), and 65 chil-
dren suffering from SCA in steady state (Hb-SS), were enrolled in the
study. The demographic and baseline clinical characteristics of the
participants are shown in Table 1. Distributions of age, sex, weight,
height, and BMI use were similar in the three groups.

3.2 | Blood pressure

In this cohort, there was no significant difference in the systolic and
diastolic blood pressure levels between the Hb-AS group vs Hb-AA
group (Table 2).

Hypertension was a rare event and was found in one of the chil-
dren with Hb-AS and no case was found in the Hb-AA and Hb-SS

groups.

3.3 | Glomerular filtration

3.3.1 | Creatinine

Creatinine was lower, but not significantly so, in the Hb-AS group than
in the Hb-AA group. Creatinine was higher in the Hb-AS group than in
children with Hb-SS, but the difference between the two groups was
not significant (Table 3).

Variables Hb-AS, n=43 Hb-AA, n=67 Hb-SS, n=65 P
Age (y) 7.4+3.6° 6.7+3.2 7.3+3.3° 44
Weight (kg) 22.8+9.4 21.3+8.4 19.2+6.1 .70
Height (cm) 118.6+23.5 114.8+21.1 112.8+18.5 .37
BMI (kg/m?) 15.7£2.6 15.6+£1.9 14.9+2.1 .07

BMI, body mass index.

?Age range: 2-13 y.

TABLE 2 Blood pressure according Hb status
Variables Hb-AS, n=41 Hb-AA, n=67 Hb-SS, n=61 Hb-AS vs Hb-AA Hb-AS vs Hb-SS
Systolic BP (mm Hg) 100.6£11.0 97.3+11.9 94.9+9.7 0.30 0.03
Diastolic BP (mm Hg) 59.8+8.5 55.8+8.3 55.8+8.3 0.16 <0.001

BP, blood pressure.
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TABLE 3 Biological profile of the glomerular function in the study population

Variables Hb-AS, n=43 Hb-AA, n=67
Creatinine (mg/L) 0.54+0.12 0.57+0.12
eGFR (mL/min/1.73 m?) 120.0+20.5 113.7+24.5
Uric acid (mg/dL) 3.8+1.4 3.5+1.1
Urea (mg/dL) 20.9+8.6 22.9+10.1

eGFR, estimated glomerular filtration rate.

3.3.2 | Creatinine clearance

The eGFR corrected for BSA was increased in Hb-AS group compared
to Hb-AA group, but there was no significant difference between the
two groups. At the same time, the eGFR was decreased, but no signifi-
cantly so, in the Hb-AS group compared to the Hb-SS group, (Table 3).

The proportion of children with Hb-AS (16.3%, n=43) who had
hyperfiltration was higher compared to the proportion (6.1%, n=67)
found in the Hb-AA group, but lower compared to the proportion
found in the Hb-SS group (30%). However, in both situations, the dif-
ference was not statistically significant.

In this series, none of the children with Hb-AS or Hb-AA had renal
insufficiency (<90 mL/min/m?). Only eight (12.3%) of the children with
Hb-SS had renal insufficiency (<90 mL/min/m?).

3.3.3 | Proteinuria

In this series, no case of proteinuria was detected in children with
Hb-AS or Hb-AA, and only one case of proteinuria was detected in a
child with Hb-SS.

3.4 | Uricacid

Uric acid levels were higher, but not significantly so, in children with
Hb-AS than in Hb-AA subjects. At the same time, uric acid levels were
significantly lower in the Hb-AS than in the Hb-SS group (Table 3).

A higher proportion (7.0%) of subjects with hyperuricemia was
found among children with Hb-AS compared to (1.5%) children with
Hb-AA. A similar proportion (7.7% for Hb-SS vs 7.0% for Hb-AS) of
subjects with hyperuricemia was found between the two groups of

children. No case of gout was found in the three groups.

3.5 | Urea

Urea levels were lower, but not significantly so, in children with Hb-AS
than in Hb-AA subjects. Urea levels were significantly lower in the Hb-
AS than in Hb-SS group.

4 | DISCUSSION

The present study is the first attempt to describe and to investigate
the renal abnormalities of the SCT in the pediatric population in

sub-Saharan Africa. Several types of renal complications have been

Hb-SS, n=65 Hb-AS vs Hb-AA Hb-AS vs Hb-SS
0.50+0.13 041 0.24
130.5+34.1 0.48 0.19
4.4+1.3 0.62 0.02
15.3+8.3 0.50 0.006

reported in children with SCT.¥” We studied glomerular function in
children with SCT in our midst. An assessment of renal complications
from SCT is required because about 18 million people in the DRC are
SCT carriers and vulnerable to present these kidney injuries.

Systolic and diastolic BP levels systolic blood pressure of chil-
dren with Hb-AS were similar to those with normal hemoglobin (Hb-
AA). These results are in line with previous observations reported by
Adams-Campbell in Nigeria that found no significant difference of
blood pressure between the children with Hb-AA and children with
Hb-AS.%® Compared to children with Hb-SS, systolic and diastolic BP
levels systolic blood pressure were higher in children with Hb-AS and
showed significant difference between both groups. Our findings are
in line with the literature that considers SCA as a possible physio-
pathological condition to explain the lower blood pressure in patients
with the disease. The etiology of the lower blood pressure in SCA re-
mains unclear. The literature suggests that the compensatory systemic
vasodilatation to increase oxygen delivery may be a possible explana-
tion of this condition in SCA pat‘ients.39 However, further studies are
needed to deeply investigate this assumption in pediatric population.

Hypertension was a rare event in our series. Only one child with
Hb-AS was found to be hypertensive for diastolic BP. There is a gap
in epidemiologic data about hypertension in pediatric population with
SCT. In a previous study conducted in adult population, the pres-
ence of the gene S was discussed as a possible marker to explain the
higher blood pressure in African descendants compared to Caucasian
descendants in United States.>®

The serum creatinine is influenced by muscle mass and GFR. In this
study, Hb-AS was compared for age, weight, height, and BMI with the
two groups. In our series, creatinine tended to be lower in children
with Hb-AS than in Hb-AA subjects, but higher than in children with
Hb-SS. In these both cases, there was no statistically significant differ-
ence in contrast to three previous studies conducted in Saudi Arabia,
in Irag and in Brazil in their series that found a significant difference in
children with SCT compared to the other groups.®”4%*! Additionally, it
is important to specifically note the higher level of creatinine reported
in the Iragi study (0.8+0.1 mg/dL vs 0.5+0.1 mg/dL). This difference
could be associated with factors influencing creatinine such as genetic
predisposition but should also be related to variations in diagnostic
techniques.

As the children with Hb-AS tend to have high eGFR compared to
children with Hb-AA, the serum creatinine is lower than expected and
may further lowered by particular renal mechanisms in SCT. A polym-
erization of erythrocytes with hemoglobin S may be due to the ex-

treme hypoxemia, acidosis, hypertonicity, and the dehydration of the
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erythrocyte with an increase in the concentration of HbS in the renal
medulla. These conditions may transform silent SCT into a syndrome
resembling to SCA.*?*3 |n addition, specific genetic factors may be dis-
cussed in SCT condition and in African population such as apolipopro-
tein L1 (APOL 1), apolipoprotein L4 (APOL 4), and non-muscle myosin
heavy chain 9 (MYH9) gene risk variants.*?***4” Consequently, this
tendency was decreased compared to corresponding values in Hb-AA
group. Thus, an interpretation of serum creatinine must be sensitive to
this factor. Values at the upper end of the normal range should raise
the index of suspicion for reduced renal function.

The eGFR was increased in Hb-AS group compared to Hb-AA
group and decreased compared to Hb-SS group without significant
difference (P>.05). The study conducted in Iraq by al-Naama et al.*!
found significant difference in eGFR between the groups of children
with Hb-AS and normal controls with Hb-AA. In this Iraqi study, the
mean age of study population is comparable to our series (7 years).
We therefore speculate that BMI and associated genetic factors such
as a-gene mutation status, HbF level, co-inheritance of p-thalassaemia
in these population may significantly affect measured parameters and
may explain this difference.

In this study, glomerular dysfunction is found to be pronounced.
Hyperfiltration was present in 17% of children with Hb-AS and in 30%
of children with Hb-SS. Different studies reported similar observa-
tions.*®% The hyperfiltration may be caused by a polymerization of
hemoglobin S in the renal medulla.*>*® Quantification of inulin clear-
ance in a timed urine collection and nuclear medicine based techniques
such as iohexol or technetium-99-m-labeled diethylenetriaminepen-
taacetic acid (DTPA) remain the optimal method for assessing renal
function in the clinical setting and the two methods provide accurate
similar results.’*">® However, these techniques are costly and time-
consuming, their feasibility for clinic-based screening of renal function
is limited. Furthermore, these two procedures are not available in the
DRC. The lack of the appropriate diagnostic tools remains a challenge
for assessing renal function of children in resource-limited settings.
Creatinine-based estimating formulas such as the Schwartz formula in
pediatric population are less expensive and relatively easy to obtain,
in our midst. The Schwartz formulas are noninvasive estimation of
GFR and had similar correlation coefficients with the DTPA-GFR (0.3).
However, these estimations have some limitations when compared
with gold standard techniques. Increased creatinine secretion due to
hyperfiltration or tubular dysfunction may overestimate the GFR.>*
Additionally, another bias may be an above-normal proximal tubular
secretion of creatinine and decreased muscle mass found in children
suffering from SCA.>®

Persistent proteinuria should be considered as a precursor of
progression to advanced stages in chronic renal failure. Proteinuria
detected by dipstick was found in one child with Hb-SS cohort. This
child showed clinical and laboratory evidence of secondary nephrotic
syndrome. For technical reasons, we were not able to measure mi-
croalbuminuria or ratio of albumin to creatinine at the time of the
study as proposed by various authors. Non-availability of appropriate
diagnostic tools remains a bottleneck to be addressed when the prev-
alence of proteinuria in children with SCT in resource-limited settings
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should be assessed. The true prevalence of proteinuria was proba-
bly less than what was indicated in our result especially as the renal
inability to concentrate urine occurs usually in children with SCT.1C
In this condition, reagent strip analysis probably underestimates the
presence of proteinuria in this study; microalbuminuria was not done
to confirm that proteinuria was present in children tested negative
for proteinuria with a dipstick method. In previous studies, the prev-
alence of proteinuria significantly increased when microalbuminuria
was assessed.’’

In this study, uric acid levels of children with Hb-AS were similar
compared to children with Hb-AA, but significantly lower compared to
children with Hb-SS. This difference between children with Hb-AS and
children with Hb-SS may be explained by hemolysis process, leading
to increased bone marrow activity and renewal of nucleic acids in Hb-
SS subjects.56 Our observation is similar to reports from Saudi Arabia
and Irag. %4

Urea level was similar between children with Hb-AS and Hb-AA.
This observation is not in line with the results reported by al-Ali in
Saudi Arabia and Al-Naama in Iraq.*%*! This difference could be asso-
ciated with factors influencing urea level such as genetic predisposi-
tion but should also be related to variations in diagnostic techniques.
However, this value was slightly lower in children with Hb-SS than in
children with Hb-AS. This trend has also been reported from a previ-
ous study in Irag.**

5 | CONCLUSION

In this study, it appears that one on six children with SCT had hy-
perfiltration which is a major indicator of renal function disturbance.
Glomerular hyperfiltration occurs early before decreased creatinine
clearance and the appearance of microalbuminuria. We do neither
know the consequence of this hyperfiltration, nor do we know if the
estimating equations adequately predict hyperfiltration in this setting.
The hyperfiltration reported here did not meet statistical significance.
A limitation was the use of Schwartz equation to estimate GFR which
is well known to overestimate GFR. However, the findings from this
study are quite important and could form a basis for further studies

on this renal physiology among SCT individuals in sub-Saharan Africa.

ACKNOWLEDGMENTS

The authors thank the parents, children, physicians, nurses, and admin-
istrative staff of Sickle cell center of Yolo and the University Hospital
of Kinshasa, who made this study possible. Special thanks to Mrs
Kapinga and Mr Luzolo of the Hematology Laboratory of University
Hospital of Kinshasa for collection and processing of samples.

AUTHORS’ CONTRIBUTIONS

MNA, FLB, and NMN conceived and designed the study proto-
col; MNA carried out the clinical assessment; MNA, FBL, and NMN
analyzed and interpreted these data. MBE and MNA drafted the



7 | wiLEY

ALONI ET AL

manuscript; NMN, RMN, JLGE, and RNM critically revised the manu-

script for intellectual content. All authors read and approved the final

manuscript. MNA is guarantor of the paper.

CONFLICT OF INTEREST

We declare that we have no conflict of interest.

REFERENCES

1.

10.

11.

12.

13.

14.

15.

16.

17.

18.

Serjeant GR. The sickle cell trait. In: Serjeant GR, ed. Sickle cell disease,
2nd edn. New York: Oxford University Press; 1992:415-425.

Piel FB, Patil AP, Howes RE, et al. Global epidemiology of sickle hae-
moglobin in neonates: a contemporary geostatistical model-based
map and population estimates. Lancet. 2013;381:142-151.

Piel FB, Tatem AJ, Huang Z, et al. Global migration and the chang-
ing distribution of sickle haemoglobin: a quantitative study of tem-
poral trends between 1960 and 2000. Lancet Glob Health. 2014;2:
e80-e89.

Ojodu J, Hulihan MM, Pope SN, et al. Centers for Disease Control and
Prevention (CDC). Incidence of sickle cell trait-United States, 2010.
MMWR Morb Mortal Wkly Rep. 2010;63:1155-1158.

Motulsky AG. Frequency of sickling disorders in U.S. blacks. N Engl J
Med. 1973;288:31-33.

Hanchard NA, Hambleton |, Harding RM, et al. The frequency of the
sickle allele in Jamaica has not declined over the last 22 years. Br J
Haematol. 2005;130:939-942.

Fong C, Lizarralde-Iragorri MA, Rojas-Gallardo D, et al. Frequency and
origin of haplotypes associated with the beta-globin gene cluster in
individuals with trait and sickle cell anemia in the Atlantic and Pacific
coastal regions of Colombia. Genet Mol Biol. 2013;36:494-497.
Huttle A, Maestre GE, Lantigua R, et al. Sickle cell in sickle cell dis-
ease in Latin America and the United States. Pediatr Blood Cancer.
2015;62:1131-1136.

Lervolino LG, Baldin PE, Picado SM, et al. Prevalence of sickle cell
disease and sickle cell trait in national neonatal screening studies. Rev
Bras Hematol Hemoter. 2011;33:49-54.

Tsaras G, Owusu-Ansah A, Boateng FO, et al. Complications
associated with sickle cell trait: a brief narrative review. Am J Med.
2009;122:507-512.

Vandepitte J, Stijns J. Hemoglobinoses in the Congo (Leopoldville) and
Ruanda-Urundi. Ann Soc Belg Med Trop. 1920;1963:271-281.
Tshilolo L, Aissi LM, Lukusa D, et al. Neonatal screening for sickle cell
anaemia in the Democratic Republic of the Congo: experience from a
pioneer project on 31 204 newborns. J Clin Pathol. 2009;62:35-38.
Agasa B, Bosunga K, Opara A, et al. Prevalence of sickle cell disease
in a northeastern region of the Democratic Republic of Congo: what
impact on transfusion policy? Transfus Med. 2010;20:62-65.
Ashcroft MT, Desai P. Mortality and morbidity in Jamaican adults with
sickle-cell trait and with normal haemoglobin followed up for twelve
years. Lancet. 1976;2:784-786.

Nia J, Lam WC, Kleinman DM, et al. Retinopathy in sickle cell trait:
does it exist? Can J Ophthalmol. 2003;38:46-51.

Piel FB, Patil AP, Howes RE, et al. Global distribution of the sickle cell
gene and geographical confirmation of the malaria hypothesis. Nat
Commun. 2010;1:104.

Aidoo M, Terlouw DJ, Kolczak MS, et al. Protective effects of the
sickle cell gene against malaria morbidity and mortality. Lancet.
2002;359:1311-1312.

Bucknor MD, Goo JS, Coppolino ML. The risk of potential thromboem-
bolic, renal and cardiac complications of sickle cell trait. Hemoglobin.
2014;38:28-32.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

Thompson AA. Sickle cell trait testing and athletic participation: a
solution in search of a problem? Hematology Am Soc Hematol Educ
Program. 2013;2013:632-637.

Bleyer AJ, Reddy SV, Sujata L, et al. Sickle cell trait and development
of microvascular complications in diabetes mellitus. Clin J Am Soc
Nephrol. 2010;5:1015-1020.

Caughey MC, Loehr LR, Key NS, et al. Sickle cell trait and incident
ischemic stroke in the Atherosclerosis Risk in Communities study.
Stroke. 2014;45:2863-2867.

Hedreville M, Connes P, Romana M, et al. Central retinal vein occlu-
sion in a sickle cell trait carrier after a cycling race. Med Sci Sports
Exerc. 2009;41:14-18.

Tantawy AA, Adly AA, Ismail EA. Soluble CD163 in young sickle
cell disease patients and their trait siblings: a biomarker for pulmo-
nary hypertension and vaso-occlusive complications. Blood Coagul
Fibrinolysis. 2012;23:640-648.

Kiryluk K, Jadoon A, Gupta M, et al. Sickle cell trait and gross hematu-
ria. Kidney Int. 2007;71:706-710.

Derebail VK, Lacson EK Jr, Kshirsagar AV, et al. Sickle trait in African-
American hemodialysis patients and higher erythropoiesis-stimulating
agent dose. J Am Soc Nephrol. 2014;25:819-826.

Edwards JK. Risk factors: sickle cell trait increases the risk of chronic
kidney disease. Nat Rev Nephrol. 2015;11:65.

Naik RP, Derebail VK, Grams ME, et al. Association of sickle cell trait
with chronic kidney disease and albuminuria in African Americans.
JAMA. 2014;312:2115-2125.

Derebail VK, Nachman PH, Key NS, et al. High prevalence of
sickle cell trait in African Americans with ESRD. J Am Soc Nephrol.
2010;21:413-417.

Bukabau JB, Makulo JR, Pakasa NM, et al. Chronic kidney dis-
ease among high school students of Kinshasa. BMC Nephrol. 2012;
13:24.

KDIGO. clinical practice guideline for the evaluation and management
of chronic kidney disease. Kidney Int Suppl. 2012;2013:1-150.

Pigula FA, Wald SL, Shackford SR, et al. The effect of hypotension
and hypoxia on children with severe head injuries. J Pediatr Surg.
1993;28:310-316.

Schwartz GJ, Haycock GB, Edelmann CM Jr, et al. A simple estimate
of glomerular filtration rate in children derived from body length and
plasma creatinine. Pediatrics. 1976;58:259-263.

DuBois D, DuBois EF. A formula to estimate the approximate surface
area if height and weight be known. Arch Int Med. 1916;17:863-871.
Piepsz A, Tondeur M, Ham H. Revisiting normal (51) Cr-
ethylenediaminetetraacetic acid clearance values in children. Eur J
Nucl Med Mol Imaging. 2006;12:1477-1478.

Hausdorf G. Exact determination of urine proteins, and the worthlessness
of the Esbach and Aufrecht methods. Med Klin. 1950,45:1375-1378.
Cunningham NR, Jensen P. ADHD. In: Kliegman RM, Stanton BF,
Geme Il JW, Schor NF, Behrman RE, eds. Nelson Textbook of Pediatrics.
19th ed. Philadelphia, PA: WB Saunders; 2011.

Sesso R, Almeida MA, Figueiredo MS, et al. Renal dysfunction in pa-
tients with sickle cell anemia or sickle cell trait. Braz J Med Biol Res.
1998;31:1257-1262.

Adams-Campbell LL, Nwankwo MU, Ukoli FA, et al. The sickle gene: a
marker for blood pressure? J Natl Med Assoc. 1993;85:385-387.
Rodgers GP, Walker EC, Podgor MJ. Is “relative” hypertension a risk
factor for vaso-occlusive complications in sickle cell disease? Am J
Med Sci. 1993;305:150-156.

Nwankwo MU, Bunker CH, Ukoli FA, et al. Blood pressure and other
cardiovascular disease risk factors in black adults with sickle cell trait
or glucose-6-phosphate dehydrogenase deficiency. Genet Epidemiol.
1990;7:211-218.

al-Naama LM, al-Sadoon EA, al-Sadoon TA. Levels of uric acid, urea
and creatinine in Iraqi children with sickle cell disease. J Pak Med
Assoc. 2000;50:98-102.



WILEY-*7

ALONI ET AL

42. Statius van Eps LW, de Jong PE. Sickle Cell Disease. In: Schrier RW, 51. Aaronson IA, Mann MD. Measurement of glomerular filtration rate
Gottschalk CW, eds. Disease of the Kidney, Vol. 1, 6th edn, 1997: in children using technetium-99 m diethylenetri- amine penta-acetic
2201-2219. acid. S Afr Med J. 1985;67:507-509.

43. Kuypers FA. Hemoglobin s polymerization and red cell membrane 52. Notghi A, Merrick MV, Ferrington C, et al. A comparison of simplified
changes. Hematol Oncol Clin North Am. 2014;28:155-179. and standard methods for the measurement of glomerular filtration

44, GuptaAK,Kirchner KA, NicholsonR, etal. Effects of alpha-thalassemia rate and renal tubular function. BrJ Radiol. 1986;59:35-39.
and sickle polymerization tendency on the urine-concentrating 53. Perrone RD, Steinman TI, Beck GJ, et al. Utility of radioisotopic fil-
defect of individuals with sickle cell trait. J Clin Invest. 1991;88: tration markers in chronic renal insufficiency: simultaneous compar-
1963-1968. ison of 125I-lothalamate, 169Yb-DTPA, 99mTc-DTPA, and inulin.

45. Guasch A, Zayas CF, Eckman JR, et al. Evidence that microdele- The Modification of Diet in Renal Disease Study. Am J Kidney Dis.
tions in the alpha globin gene protect against the development of 1990;16:224-235.
sickle cell glomerulopathy in humans. J Am Soc Nephrol. 1999;10: 54. Schwartz GJ, Furth S, Cole SR, et al. Glomerular filtration rate via
1014-1019. plasma iohexol disappearance: Pilot study for chronic kidney disease

46. Ashley-Koch AE, Okocha EC, Garrett ME, et al. MYH9 and APOL1 are in children. Kidney Int. 2006;69:2070-2077.
both associated with sickle cell disease nephropathy. Br J Haematol. 55. Allon M. Renal abnormalities in sickle cell disease. Arch Intern Med.
2011;155:386-394. 1990;150:501-504.

47. Hicks PJ, Langefeld CD, Lu L, et al. Sickle cell trait is not independently 56. Cerqueira BA, Boas WV, Zanette AD, et al. Increased concentra-
associated with susceptibility to end-stage renal disease in African tions of IL-18 and uric acid in sickle cell anemia: contribution of
Americans. Kidney Int. 2011;80:1339-1343. hemolysis, endothelial activation and the inflammasome. Cytokine.

48. Bodas P, Huang A, O'Riordan MA, et al. The prevalence of hyperten- 2011;56:471-476.
sion and abnormal kidney function in children with sickle cell disease
-a cross sectional review. BMC Nephrol. 2013;14:237.

49. de Paula RP, Nascimento AF, Sousa SM, et al. Glomerular filtration How to cite this article: Aloni MN, Ngiyulu RM, Nsibu CN,
rate is altered in children with sickle cell disease: a comparison be- . o . -
tween Hb SS and Hb SC. Rev Bras Hematol Hemoter. 2013:35: et al. Congolese children with sickle cell trait may exhibit
349-351. glomerular hyperfiltration: A case control study. J Clin Lab

50. Aygun B, Mortier NA, Smeltzer MP, et al. Glomerular hyperfiltration

and albuminuria in children with sickle cell anemia. Pediatr Nephrol.
2011;26:1285-1290.

Anal. 2017;31:€22143. https://doi.org/10.1002/jcla.22143



https://doi.org/10.1002/jcla.22143

