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ABSTRACT

Background: Renal manifestations of sickle cell anaemia range from functional abnormalities to
gross anatomic alterations of the kidneys. As people with sickle cell anaemia (SCA) grow older,
the kidneys may progress to end-stage renal disease if proper monitoring of renal function is not
done.

Aim: The aim of this study is to determine the serum and urine sialic acid levels in SCA patients
and correlate with plasma urea and creatinine.

Methods: Venous blood and fresh urine samples were collected from participants and the
standard Ehrlich method was used in the analysis of serum and urine sialic acid. The modified
Jaffe method was used in the analysis of plasma and urine creatinine and the Urease Berthelot
method for plasma urea.

Results: A total of 98 respondents participated in the study consisting of 68 SCA patients and 30
control subjects. The mean age was 28.35 + 0.42 years for SCA subjects and 33.12 + 1.14 years
for control subjects and most of the SCA subjects were females (M:F = 1 : 1.6). The serum sialic
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those with normoalbuminuria.

detecting early onset of sickle cell nephropathy.

acid (SSA) level was 1.88 + 0.96 mmol/L for SCA subjects and 1.93 + 0.67 mmol/L for controls and
it was found to be non-significantly (P =0.81) higher in SCA subjects with microalbuminuria (1.89 £
0.07 mmol/L) than in those with normoalbuminuria (1.86 £ 0.10 mmol/L). However, the mean urine
sialic acid creatinine ratio (USACR) was higher in SCA subjects (169.39 + 13.59 mmol/mol) than in
the control subjects (60.52 + 3.39 mmol/mol) and this was statistically significant (P< 0.05). Also,
the mean USACR was significantly (P < 0.05) higher in SCA subjects with microalbuminuria than in

Conclusion: Serum sialic acid (SSA) is low while USACR is high in SCA patients. Hence,
monitoring of serum and urine sialic acid in patients with sickle cell anaemia will be important in

Keywords: Serum Sialic Acid (SSA); Urine Sialic acid Creatinie Ratio (USACR); Sickle Cell Anaemia

(SCA); Albumin Creatinine Ratio (ACR).

1. INTRODUCTION

Sickle cell anaemia ( SCA ) is a genetic life-long
blood disorder characterized by red blood cells
that assume an abnormal rigid, sickle shape.
SCA is particularly common among people
whose ancestors come from sub-Saharan Africa,
India, Saudi Arabia and Mediterranean countries
[1]. Frequency of the carrier state determine the
prevalence of SCA at birth. For example, in
Nigeria, 24% of the population are carriers of the
mutant gene and prevalence of SCA is about
2%. Hence in Nigeria alone, about 150,000
children are born annually with sickle cell
anaemia [1]. Globally, sickle cell trait affects
approximately 5.5 million neonates and 312
thousand neonates were born with sickle cell
anaemia in 2010 [2]. In the coming decades, this
worldwide burden is expected to markedly
increase [3]. Sickling decreases the cells’
flexibility and results in a risk of various
complications one of such is renal insufficiency
[4]. As more patients with SCA reach the third
and fourth decades of life, the incidence of
clinically apparent renal insufficiency will
increase [5]. Renal manifestations of SCA can
range from haematuria and abnormal tubular
function to massive proteinuria and end stage
renal disease [6]. Proteinuria particularly
albuminuria, is the hallmark of glomerular injury
which progress to sickle cell nephropathy.
Microalbuminuria which is used to define chronic
kidney disease is known as albumin excretion
rate = 30 mg/24 hrs or albumin-creatinine ratio
(ACR) =30 mg/g (3.0 mg/mmol) [7]. Early
detection therefore, of microalbuminuria by
screening allows for intervention aimed at
preventing or slowing the progress of sickle cell
nephropathy.

Sialic acid, a generic term for a family of
acetylated derivatives of neuraminic acid, is an

essential component of glycoproteins and
glycolipids [8]. Sialic acid-rich glycoprotein is
found mainly in cell membranes and elevated
levels may indicate excessive cell membrane
damage, but more specifically for cells of
vascular tissue. Damage to vascular tissue leads
to ischaemia which most affects the small blood
vessels, particularly in the retina, kidneys, heart
and brain [9]. In addition, sialic acid contributes
to the maintenance of the negative charge of the
renal glomerular basement membrane [10]. Sialic
acids are found in the glomeruli, and the tubules
and their leakage into the urine has been
suggested to be a marker or an indicator of injury
to the nephrons and renal papilla [11].

Research has shown that the concentration of
sialic acid in serum is elevated in pathological
states when there is tissue damage, tissue
proliferation and inflammation. Studies have also
indicated that vascular permeability is regulated
by sialic acid moieties [12]. The aim of this study
is to determine serum sialic acid levels in sickle
cell anaemia patients and correlate it with plasma
urea and creatinine as well as microalbuminuria.
This study therefore intends to screen for serum
sialic acid (SSA) and urine sialic acid (USA) in
sickle cell anaemia patients with and without
microalbuminuria.

2. PATIENTS AND METHODS

This study was carried out in the Department of
Biochemistry University of Benin and the Sickle
cell Centre of the Ministry of Health Benin City,
Edo State, Nigeria. A written informed consent
was obtained from each volunteer. Ethical
clearance was obtained from the research and
ethical committee of the Ministry of Health Benin
City, Edo State. SCA patients were those
between the ages of 18 and 60 years attending
the sickle cell clinic while the control subjects
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were non-SCA subjects of the same age limit.
SCA patients were grouped into those with
microalbuminuria and those without
microalbuminuria based on ACR = 3.0 mg/mol.

2.1 Sample Collection

In the morning (at about 9:00am) of their
appointment at the Sickle Cell Centre, fresh urine
specimen were collected from participants into
sterile bottles and wused for immediate
determination of urinary albumin/creatinine ratio
and urinary sialic acid. In addition, 7.0 ml of
venous blood was obtained from the cubital
fossa using 10.0 ml syringe. About 4.0 mis of
blood was dispensed into lithium heparin bottle
for plasma urea and creatinine estimation while
3.0 mls of the specimen was centrifuged at 3000
g after allowing it to clot. Plasma / serum was
then harvested and stored at 2 - 8®C for about
48 hrs before being analyzed for plasma urea
and creatinine and serum sialic acid.

2.2 Biochemical Analysis

Plasma urea was estimated by urease -
Berthelot method as outlined by Weatherburn
[13], urine and plasma creatinine by the modified
Jaffe’s method as outlined by Spierto et al. [14],
urine albumin was analysed by the Lowry
method and serum and urine sialic acid were
analysed using the Standard Ehrlich method
[15].

2.3 Data Analysis

Data analysis was done using the statistical
package for social science (SPSS) version 16.0.
Continuous data were presented as mean =+
standard error of mean (SEM). Comparison of
two independent variables was done using
regression coefficient correlation and analysis of
variance (ANOVA) was applied for comparison
between different groups. The confidence limit
was 95% and the P — value was considered
significant at a value less than 0.05.’

3. RESULTS

A total of 98 respondents participated in the
study. The number of SCA patients were 68 (26
males and 42 females) while the controls (non-
sickle cell anaemia) were 30 consisting of 15
males and 15 females. Fig. 1 shows the
frequency of age distribution of patients with and
without microalbuminuria. Of the SCA patients

with microalbuminuria 31(59.6%) and 10 of the
patients without microalbuminuria (62.5%) were
between the ages 18 — 27 years. Both groups
have 2 patients in the age class of 38 — 47 years.

Fig. 2 shows serum sialic acid concentration in
SCA patients and in controls. The SCA patients
had lower levels of serum sialic acid (SSA) (1.89
+ 0.07 mmol/L) in those with microalbuminuria
and 1.86 %+ 0.10 mmol/L in those without
microalbuminuria as compared to the control
group (1.93 £ 0.67 mmol/L).

The serum sialic acid (SSA) level from the study
was found to be 1.93 + 0.67 mmol/L for control
subjects and 1.88 + 0.96 mmol/L for the SCA
patients (Table 1). The results also showed that
the ACR was 2.19 + 0.10 mg/mmol and 4.50 +
0.24 mg/mmol for control subjects and SCA
patients respectively, while plasma urea was
3.33 + 0.16 mmol/L for control subjects and 6.43
+ 0.54 mmol/L for SCA patients. The plasma
creatinine was found to be 73.98 £ 2.95 pmol/L
for subjects and 86.70 £ 6.03 pmol/L for SCA
patients. The mean SSA was found to be
significantly (P=.04) lower in the SCA
respondents when compared to the controls
while the ACR and plasma urea were
significantly (P<.05) elevated in the SCA patients
than in the controls. Also, urinary sialic acid
creatinine ratio (USACR) was found to be
significantly higher (P< .05) in SCA (169.39
13.59 mmol/mol) than in controls (60.52 + 3.39
mmol/mol) (Table 1).

Table 2 shows mean SSA, ACR and USACR in
the different age classes in SCA subjects. The
results showed a non- significant statistical
difference in SSA (P= 0.28), and ACR (P=0.56);
with mean values in the second decade (1.81 £
0.07 mmol/L and 4.42 + 0.28 mg/mmol) being
lower than in the third decade (2.05 + 0.11
mmol/L and 4.83 + 0.58 mg/mmol) and a
decrease in the fifth decade (1.83 + 0.21 mmol/L
and 3.40 £+ 0.34 mg/mmol). However, there was
a numerical increase in mean USACR through
the second (163.96 + 17.28 mmol/L) to the fifth
(193.38 £ 18.95 mmol/L) decade.

Table 3 shows some biochemical characteristics
of SCA  patients  with and  without
microalbuminuria. The plasma ACR and USACR
were significantly higher (P<.05) in those with
microalbuminuria (5.34 + 0.26 mg/mmol and
197.06 £ 18.09 mmol/mol) than in those without
microalbuminuria (2.63 +* 0.10 mg/mmol and
108.77 + 7.88 mmol/mol). However there were



Onovughakpo-Sakpa et al.; JAMMR, 26(11): 1-9, 2018; Article no.JAMMR.42188

no significant differences (P> .05) in the plasma
urea and creatinine and SSA between those with
microalbuminuria (6.70 £ 0.69 mmol/L, 85.15 +
6.19 pymol and 1.89 £0.07 mmol/L respectively)
and those without microalbuminuria (5.82 + 0.69
mmol/L, 90.16 = 13.99 mmol/L and 1.86 + 0.10
mmol/L).

Table 4 showed that in SCA subjects with
microalbuminuria, there was a significant
correlation  between USACR and SSA
(r =43, P =.001) while there was a non -
significant correlation between USACR and
plasma urea (r =25, P=.10) and creatinine
(r=.14, P =.34), and ACR (r=.27, P=.08).

35

31 (59.6%)
30

25

20

15 14 (26.9%)

It was observed that there was a significant
(P<.05) increase in mean fractional excretion of
sialic acid in SCA subjects (0.78 + 0.08%) than in
the control (0.29 + 0.04%). However there was a
non significant (P=.07) increase in mean
fractional excretion of sialic acid in SCA without
microalbuminuria (1.04 + 0.18%) and in those
with microalbuminuria (0.67 £ 0.07%) [Table 5].

Figs. 3, 4, 5 and 6 show the relationship between
USACR and plasma urea and creatinine, ACR
and SSA in SCA patients. There was a positive
correlation between USACR and plasma urea
(r=.27. P=.03; Fig. 3), and creatinine (r= 0.13,
P<.05; Fig. 4) as well as ACR (r =.43, P <.05;
Fig. 5) and SSA (r =.37, P< .05; Fig. 6).
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Fig. 1. Age group distribution of SCA patients based on ACR
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Fig. 2. Mean serum sialic acid concentration in the different study groups

A — Control (non sickle cell anaemia subjects; n = 30)

B — Sickle cell anaemia subjects (n = 68)

C — Sickle cell anaemia subjects with microalbuminuria ( n = 52)

D — Sickle cell anaemia subjects without microalbuminuria (n = 16)
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Table 1. Plasma urea and creatinine, ACR, SSA and USACR in subjects (non SCA) and SCA

patients
Subjects (non-SCA anaemia) SCA patients p-value
patients(n=30) (n=68)
Plasma urea (mmol/L) 3.33+0.16 6.43 £ 0.54 <0.001
Plasma creatinine (umol/L ~ 73.98 £ 2.95 86.70 £ 6.03 0.06
SSA (mmol/L) 1.93 £ 0.67 1.88 £ 0.96 0.04
ACR (mg/mmol) 2.19+0.10 450+0.24 <0.001
USACR (mmol/mol) 60.52 + 3.39 169.39+ 13.59  <0.001
Table 2. Mean SSA, USA, USACR, Urinary albumin and ACR in the different age classes in SCA
patients
18 - 27 28-27 38 -47 48 — 57 P value
N =42 N= 17 N=4 N=5
SSA 1.81+0.07 2.05+0.11 2.00+ 0.09 1.83+0.21 0.283
(mmol/L)
USACR 163.96+£17.29  175.76£22.90 185.00+23.18 193.38+18.95 0.942
(mmol/mol)
ACR mg/mmol 4.42 +0.28 4.83 +0.58 4.48 +1.11 3.40+0.34 0.555

Table 3. Biochemical characteristics of SCA patients with and without microalbuminuria

SCA patients with SCA patients without p-value
microalbuminuria microalbuminuria (ACR < 3.5
(ACR23.5 mg/mmol, n=47) mg/mmol, n = 21)
Plasma urea 6.70 £ 0.69 5.82 £ 0.69 0.43
(mmol/L)
Plasma creatinine 85.15+6.19 90.16 £ 13.99 0.75
(umol/L)
ACR (mg/mmol) 5.34 + 0.26 2.63+0.10 0.001
SSA (mmol/L) 1.89 £ 0.07 1.86+ 0.10 0.81
USACR (mmol/mol) 197.06 + 18.09 108.77 + 7.88 <0.001

Table 4. Correlation between USACR and clinical parameters in SCA patients with
ACR 2 3.5 (n =47)

Biochemical parameter R - value P — value
Urea (mmol/L) 0.249 0.10
Creatinine (umol/L) 0.14 0.34
ACR (mg/mmol) 0.265 0.08
SSA (mmol/L) 0.433 0.00

Table 5. Mean fractional excretion of sialic acid in the various study groups in SCA patients
and subjects patients

Mean fractional excretion of sialic acid in the various study groups (%) P — value
Study (n =68) 0.783 + 0.077 Subjects (n =30) 0.289 + 0.038 < 0.001
ACR 2 3.0 (n=52) 0.670 + 0.073 ACR < 3.0 (n=16)1.037 £ 0.180 0.070
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Fig. 4. Relationship between urinary sialic acid creatinine ratio and plasma creatinine in sickle
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4. DISCUSSION

This study showed that serum sialic acid in SCA
patients was lower than in the controls. This is
supported by Ekeke and Ibeh who studied sialic
acid in sickle cell disease in Port Harcourt,
Nigeria and concluded that the loss of sialic acid
in erythrocyte membrane is reflected in a
removal of sialic acid from the circulation [16].
This study also showed a non-significant
increase in serum sialic acid in patients with
microalbuminuria than in those  without
microalbuminuria. According to Yokoyama et al.,
raised serum sialic acid concentration precedes
onset of microalbuminuria, therefore sialic acid a
marker of acute phase response may be an early
signal of increased risk of vasculopathy [17].

The normal plasma urea and creatinine in the
SCA patients as observed in previous studies
implies that using plasma urea and creatinine as
markers of renal impairment is unrealistic in SCA
patients [18,19]. The finding that urinary sialic
acid excretion was higher in SCA patients with
microalbuminuria than those without
microalbuminuria could be due to the fact that
sialic acid is filtered by renal glomeruli but not
absorbed by human kidney epithelial cells as
reported by Seppala et al. [20].

This study found that urinary sialic acid excretion
increased with age in SCA patients. However
previous studies by Fang-Kircher in non-sickle
cell anaemia patients, reported a decrease in
urinary sialic acid excetion with increasing age in
spot urine as well as 24 hr urine in adults and
children [21]. This increase in urinary sialic acid
with age found in this study may be associated

with age related nephropathy present in SCA.
According to Ataga et al. [22] proteinuria is age-
dependent in sickle cell disease. When assessed
either as microalbuminuria or macroalbuminuria,
proteinuria occurs in up to 27% of patients in the
first three decades and up to 68% of older
patients.

The finding that high plasma urea and creatinine
levels were associated with increased urinary
sialic acid excretion show that the presence of
increased urinary sialic acid excretion is
associated with progression of renal dysfunction
in SCA patients. This also suggests that
increased urinary sialic acid excretion could be
an index of the degree of glomerular damage
and could be used as a diagnostic tool. It serves
as a sensitive early indicator of the adverse
effects of SCA on the kidney and is a reliable
predictor of renal course.

This study showed a significant increase in mean
fractional excretion of sialic acid in SCA patients.
According to Seppala et al. [20] parts of excreted
sialic acid are drawn from the renal cells
themselves or from cells of the urinary tract
and various types of renal cells have been
reported to synthesize free and bound sialic acid.
There was also an increase in mean fractional
excretion of sialic acid in non-albuminuric SCA
patients than in those with microalbuminuria [20].
This could be due to the presence of progressive
renal insufficiency in patients with
microalbuminuria. The study also revealed that
SSA and urinary sialic acid excretion are
associated with microalbuminuria.
Microalbuminuria and increased sialic acid
excretion indicates the presence and progression
of renal insufficiency.
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5. CONCLUSION

In conclusion, regular monitoring of SSA, urinary
sialic acid and ACR is advocated in SCA patients
to delay progression of renal dysfunction to end
stage renal disease.
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