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Sickle cell anaemia (SCA) patients have a high risk of infection. We retrospectively inves-
tigated the prevalence of infection among SCA patients from Bahia, Brazil. A total of 1415
SCA patients were studied between 1995 and 2009: 190 (13.4%) had hepatitis C virus (HCV),
67 (4.7%) had human T-lymphotropic virus type I (HTLV-I), 44 (3.1%) had hepatitis B virus
(HBV), 40 (2.8%) had Chagas’ disease, 11 (0.8%) had human immunodeficiency virus (HIV),
and 5 (0.4%) had syphilis. Patients with HCV infection had a higher risk of hospitalisa-
tion (OR=1.52, 95% Cl: 1.07-2.17, P=0.020), bone disorders (OR=1.94, 95% Cl: 1.15-3.27,
P=0.011), stroke (OR=2.17, 95% Cl: 1.12-4.14, P=0.017), painful crisis (OR=1.61, 95% Cl:
1.17-2.22, P=0.004) and leg ulcers (OR=1.61, 95% Cl: 1.04-3.03, P=0.031). Patients with
HBV infection had a higher risk for bone disorders (OR=4.90, 95% Cl: 2.08-11.54, P<.010),
stroke (OR=3.01, 95% Cl: 1.29-6.04, P=0.007), painful crisis (OR=3.51, 95% Cl: 1.62-7.63,
P<0.001), acute chest syndrome (ACS) (OR=2.66, 95% Cl: 1.34-5.28, P=0.004), leg ulcers
(OR=6.60, 95% Cl: 3.37-12.91, P<.001) and vaso-occlusive crisis (OR=6.34, 95% Cl: 1.96-
20.66, P<0.001). Patients with HTLV-I infection had a high risk for bone disorders (OR = 2.94,
95% Cl: 1.28-6.74, P=0.011), respiratory failure (OR=2.66, 95% Cl: 1.26-5.51, P=0.012), leg
ulcers (OR=3.27, 95% Cl: 1.69-6.11, P<.001), painful crisis (OR=1.82, 95% Cl: 1.07-3.13,
P=0.025) and ACS (OR=1.85, 95% Cl: 1.10-3.41, P<.047). SCA patients with HCV infection
had increased triglycerides and low-density lipoprotein cholesterol (P=0.036; P=0.027),
iron serum (P=0.016) and ferritin (P=0.007). These results reveal important roles for these
infections in SCA patients’ clinical outcomes, and studies are warranted to determine the
mechanisms utilised by these agents and their involvement in disease severity.
© 2010 Royal Society of Tropical Medicine and Hygiene. Published by Elsevier Ltd.
All rights reserved.

1. Introduction

Sickle cell anaemia (SCA) is a public health and social
problem in Brazil, which has a heterogeneous population
due to several waves of immigration, resulting in cultural,
socioeconomic and ethnic diversity among its different

* Corresponding author. Laboratorio de Patologia e Biologia Molecular, geographic regions.l

Centra de Pesquisas Gongalo Moniz, Fundagao Oswaldo Cruz (FIOCRUZ),
Salvador, Bahia, Brasil; Rua Valdemar Falcao, 121, Candeal - Salvador-BA-

Brasil.

E-mail address: mari@bahia.fiocruz.br (M.S. Goncalves).

Salvador is the largest city in Bahia, a state located in
Northeast Brazil, with a population of 2.7 million people.
In Salvador, 86% of the local population is of African origin;
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the frequency of sickle cell heterozygotes ranges from 4.5
to 14.7%.2

Sickle cell anaemia patients have a heterogeneous clin-
ical outcome, presenting acute and chronic complications
that are modulated by genetic, environmental and socio-
economic factors.34 Patients with SCA require frequent
blood transfusions and are at high risk for infections such
as hepatitis; the frequent transfusions cause an increase
in serum iron levels that contribute to the generation of
reactive oxygen species (ROS), resulting in SCA severity.?
In addition, patients with haemoglobinopathies, bleeding
disorders, chronic renal failure on haemodialysis, onco-
haematological diseases and acute bleeding are subject to
multiple blood transfusions and have an increased risk of
transfusion-transmitted infections.®

Before 1992, hepatitis C virus (HCV) infection was
a major problem among patients with hereditary
haemoglobinopathies, however, after 1992, the intro-
duction of serological screening for anti-HCV antibodies
at Brazilian blood banks has contributed to better control
of HCV infection spread and a significant decrease in this
infection.”

The human T-lymphotropic virus type I (HTLV-I) was
identified in 1978 as the aetiological agent of adult T-
cell leukaemia and HTLV-l-associated myelopathy/tropical
spastic paraparesis.8 Although HTLV-I infection has a high
distribution worldwide, the virus is endemic in West and
Central Africa, Japan, the Caribbean Basin, South America
and isolated areas elsewhere.?

Since 1990, several studies have described the occur-
rence of HTLV-I/II infection in Brazil, and HTLV-I blood
donor screening has been mandatory since 1993.1° The
median seroprevalence in Brazilian blood donors has been
estimated to be 0.46%, with a heterogeneous geograph-
ical distribution: a lower rate is found in the Southern
region, and increasing rates occur towards the Northern
and Northeastern regions. Based on data from blood dona-
tions and a population-based study, Brazil might have the
largest absolute number of HTLV-seropositive individu-
als in the world, approximately 20-30 times more than
the United States or Europe.!! In addition to the previous
related infections, there have been some reports about the
presence of infections prone to be acquired after receiving
multiple blood transfusions and their role in the clini-
cal outcome of SCA patients. In this retrospective study,
we aimed to investigate the prevalence of transfusion-
transmitted infections among SCA patients to establish
their possible association with the severity of the disease.

2. Material and methods

This study was designed as a retrospective study and
included a total of 1415 SCA patients. Data collection
covered the years between 1995 and 2009. Participants
were patients who attended the outpatient clinic of the
Foundation of Haematology and Haemotherapy of Bahia
(HEMOBA) in Brazil.

The study was approved by the Goncalo Moniz
Research Centre of the Oswaldo Cruz Research Founda-
tion (FIOCRUZ) Human Research Board, and all patients
or guardians provided written informed consent in accor-

dance with the Declaration of Helsinki of 1975, as revised in
2000. Clinical information was collected from the patients’
charts and their physicians.

Patients were considered to have had a blood transfu-
sion if they received a red blood cell (RBC) concentrate or
any other blood derivative since the time of registration at
HEMOBA or when they reported any transfusions at other
health centres.

All haematological and biochemical analyses were per-
formed in the Clinical Analyses Laboratory of the Faculty
of Pharmacy/Federal University of Bahia (PHAR-UFBA) and
the Pathology and Molecular Biology Laboratory of the
Goncalo Moniz Research Center-FIOCRUZ. Serological tests
were performed at HEMOBA and confirmed at PHAR-UFBA.

The biochemical analyses of lipid, hepatic and renal
metabolism, serum iron and lactate dehydrogenase were
measured by immunochemistry assay (A25 system, BioSys-
tems SA, Barcelona, Spain). Serum ferritin was measured
by immunoassay using an Access® 2 Immunoassay Sys-
tem X2 (Beckman Coulter, Fullerton, CA, USA). C-reactive
protein, alpha 1-antitripsin and antistreptolysin-0 were
measured by immunochemistry (Immage® 800 system,
Beckman Coulter).

Haematological analyses were performed using an
electronic cell counter Coulter Count T-890 (Coulter Cor-
poration, FL, USA). The haemoglobin (Hb) profile and HbF
levels were investigated by high-performance liquid chro-
matography (HPLCA/ARIANT I; Bio-Rad, CA, USA).

3. Statistical analysis

Baseline characteristics were summarised as means
and proportions of selected variables. The distribu-
tion of quantitative variables was determined using the
Kolmogorov-Smirnov test. Bivariate correlation analyses
were conducted to determine any correlations between
pairs of variables using Spearman’s rho correlation. The
parametric ANOVA test confirmed by the Bonferroni post
hoc test and the nonparametric Kruskal-Wallis test were
used to compare means among two Or more groups
of interval variables that were normally distributed and
not normally distributed, respectively. The interactions
between specific categorical clinical variables were tested
for significance using a x2 test corrected by Yates’s x2 and
Fisher’s exact tests, taking into account the expected fre-
quency in the table cells.

The statistical analysis was developed to test dependent
variables associated with hospitalisations, bone disorders,
stroke, pain crisis, leg ulcers, respiratory failure and the
prevalence of infection. The cause of hospital admission
and all demographic, epidemiological and clinical infor-
mation and management were collected from hospital
records. This information included age, gender, genotype,
time of hospitalisation, clinical follow-up, use of blood
transfusion and pattern of clinical evolution.

The data analysis was performed using EPlinfo 6.04
(CDC, Atlanta, Georgia, USA), the Statistics Data Analysis
(STATA) SE 10 (StataCorp, Texas, USA) and GraphPad 7
Prism 5.0 (GraphPad Software, Inc., La Jolla, CA, USA). A
P-value of less than 0.05 was considered statistically sig-
nificant.
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Table 1
Prevalence of different types of infections in 1415 patients with sickle cell
anaemia

Infection Infected Non-infected
n (%) n (%)
Chagas’ disease 40 (2.8) 1375(97.2)
Hepatitis B virus 44 (3.1) 1371 (96.9)
Hepatitis C virus 190 (13.4) 1225 (86.6)
Human immunodeficiency virus 11(0.8) 1404 (99.2)
Human T-lymphotropic virus type I 67 (4.7) 1348 (95.3)
Syphilis 5(0.4) 1410 (99.6)
4. Results

A total of 1415 SCA patients were included in the study:
48.2% were women, and the mean age was 23.65 years.
Haematological analyses showed that 267 (18.9%) patients
had hepatitis B virus (HBV), HCV, human immunodefi-
ciency virus (HIV), Chagas’ disease, syphilis and HTLV-I
infections (Table 1). The overall rate of infection was 9.75%
(138) for males and 9.11% (129) for females.

Clinical data analysis between infected and non-
infected SCA patient groups revealed statistical significance
for acute chest syndrome (OR: 1.76, 95% Cl: 1.22-2.53,
P=0.002), bone disorders (OR: 2.83, 95% Cl: 1.60-4.98,
P<0.001), hospitalization (OR: 1.37, 95% Cl: 1.02-1.86,
P=0.046), leg ulcers (OR: 2.47,95% Cl: 1.61-3.79,P<0.001),
painful crisis (OR: 1.59, 95% Cl: 1.20-2.10, P<0.001), stroke

(OR: 1.64, 95% Cl: 1.01-2.67, P=0.047) and vaso-occlusive
episodes (OR: 1.40, 95% Cl: 1.04-1.90, P=0.029) (Table 2).

We found a significant association between the occur-
rence of HCV infection and the risk of hospitalisation (OR:
1.52, 95% Cl: 1.07-2.17, P=0.020), stroke (OR: 1.94, 95%
Cl: 1.15-3.27, P=0.011), bone disorders (OR: 2.17, 95% Cl:
1.12-4.14,P=0.017), leg ulcers (OR: 1.74,95% Cl: 1.06-2.84,
P=0.029) and painful crisis (OR: 1.61, 95% Cl: 117-2.22,
P=0.004) (Table 3).

HBV infection was significantly associated with bone
disorders (OR: 4.9, 95% Cl: 2.08-11.54, P<0.001), stroke
(OR: 3.01, 95% Cl: 1.29-6.04, P=0.007), painful crisis (OR:
3.51, 95% Cl: 1.62-7.63, P<0.001), acute chest syndrome
(OR: 2.66,95% Cl: 1.34-5.28, P=0.004), leg ulcers (OR: 6.60,
95% Cl: 3.37-12.91, P<0.001), and vaso-occlusive episodes
(OR: 6.34, 95% Cl: 1.96-20.66, P<0.001) (Table 3).

Human T-lymphotropic virus type I infection was sig-
nificantly associated with bone disorders (OR: 2.94, 95%
Cl: 1.28-6.74, P=0.011), leg ulcers (OR: 3.27, 95% Cl: 1.69-
6.11, P<0.001); painful crisis (OR: 1.82, 95% Cl: 1.07-3.13,
P=0.025), acute chest syndrome (OR: 1.85, 95% CI: 1.10-
3.41, P=0.047) and respiratory failure (OR: 2.66, 95% Cl:
1.26-5.51, P=0.012). Patients with Chagas’ disease had a
risk of leg ulcers (OR: 4.47, 95% Cl: 2.12-9.43, P<0.001)
(Table 3).

We compared haematological and biochemical
data between patients who were not infected and
were infected with HCV. Compared to non-infected

X?ll;t/szis of medical history and infection among 1415 patients with sickle cell anaemia
Clinical Data Infected Non-infected OR (CI) P-value
n (%) n (%)
Acute chest syndrome EZS ;?i]&?') ;;g (11.3) 1.76 (1.22-2.53) 0.0022
Avascular necrosis ;ZS ;5(5'7) ?37(;0) 0.89(0.40-2.03) 0.7862
Bone disorders Ei)s ;3“(8'0) ?37(30) 2.83(1.60-4.98) <0.0012
Bone pain ;ZS ;giw'” ;zg (10.9) 0.98 (0.64-1.51) 0.936
Cholelithiasis ;ZS 25(2'” ?gg.zy 1.42 (0.63-3.20) 0.3982
omsmeton M 360 800w
Hospitalisation ;‘;S ;;“ (64.4) ;‘32 (56.9) 1.37 (1.02-1.86) 0.046
Leg ulcer E‘ZS 3%]3'7) ?(7)3(2'” 2.47 (1.61-3.79) <0.0012
Painful crisis ;ZS ;;0 (64.9) g?‘; (538) 1.59 (1.20-2.10) <0.001
Renal failure ;ZS ;(512(3 8) fgﬁ 1 1.25 (0.61-2.56) 0.5432
Renal lithiasis ;ZS 25%3) 1353'4) 1.70 (0.65-4.43) 0.275°
Retinopathy ;ZS ;ég.&;) 138(;'6) 0.47 (0.11-2.01) 0.306"
ifil:};ﬂc sequestration Eis :2‘3;1(11-8) ;g‘]l (13.0) 0.89 (0.60-1.36) 05922
Stroke ;ZS ;gég'z) ?gﬁ 8) 1.64(1.01-2.67) 0.047°
g;f:;c‘l’ecscmswe ;ZS é? (74.0) ;gl (67.0) 1.40 (1.04-1.90) 0.029°

2 %2 test (Yates's corrected); P Fisher’s exact test
OD: Odds Ratio; Cl: Confidence Interval
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Table 3
Analysis of medical history and specific infections among 1415 patients with sickle cell anaemia
Clinical Data Infected Non-infected OR (CI) P-value
n (%) n (%)
Hepatitis C virus
Hospitalisations Yes 106 (67.1) 556 (57.3) 1.52(1.07-2.17) 0.020?
No 52 415
Stroke Yes 20(10.6) 70(5.7) 1.94 (1.15-3.27) 0.0112
No 169 1149
Bone disorders Yes 15(8.1) 45(3.9) 2.17 (1.12-4.14) 0.0172
No 171 1113
Leg ulcer Yes 22 (11.6) 86 (7.1) 1.74 (1.06-2.84) 0.0292
No 167 1133
Painful crisis Yes 125 (66.1) 668 (54.8) 1.61(1.17-2.22) 0.004°
No 64 551
Hepatitis B virus
Bone disorders Yes 7(16.3) 52(3.8) 4.9 (2.08-11.54) <0.001°
No 36 1311
Stroke Yes 7(16.3) 83 (6.1) 3.01(1.29-6.04) 0.007°
No 36 1280
Painful crisis Yes 35(81.3) 756 (55.5) 3.51(1.62-7.63) <0.0012
No 8 607
Acute chest syndrome Yes 12 (36.4) 173 (12.7) 2.66 (1.34-5.28) 0.0042
No 31 1190
Leg ulcer Yes 14 (32.6) 93 (6.8) 6.60 (3.37-12.91) <0.0012
No 29 1270
Vaso-occlusive episodes Yes 40(93) 923 (67.7) 6.34 (1.96-20.66) <0.001°
No 03 440
Human T-lymphotropic virus type |
Bone disorders Yes 7(10.6) 52(3.9) 2.94(1.28-6.74) 0.011°
No 59 1287
Leg ulcer Yes 13(19.7) 95 (7.1) 3.27(1.69-6.11) <0.0012
No 53 1244
Painful crisis Yes 46 (69.7) 746 (55.7) 1.82(1.07-3.13) 0.0252
No 20 593
Acute chest syndrome Yes 14 (21.2) 170 (12.7) 1.85(1.10-3.41) 0.0472
No 52 1169
Respiratory failure Yes 11(16.7) 91 (6.8) 2.66 (1.26-5.51) 0.012b
No 55 1188
Chagas’ disease
Leg ulcer Yes 10 (25.6) 98 (7.2) 4.47 (2.12-9.43) <0.0012
No 29 1270

2 x? test (Yates's corrected); P Fisher’s exact test
OD: Odds Ratio; Cl: Confidence Interval

patients, infected patients had higher concentra-
tions of low-density lipoprotein cholesterol (LDL-C)
(19.544+8.34 vs. 26.39+14.91 mg/dl, P=0.027), triglyc-
erides (96.78 +40.98 vs. 132.23 +74.82 mg/dl, P=0.002),
iron serum (114.75+103.23 vs. 218.40+231.07

mcg/dl, P=0.009) and ferritin (351.254+371.62 vs.
624.22 +1212.74 ng/ml, P=0.007). When we compared
these same variables between patients not infected and
infected with HLTV-I, infected patients had a higher red
blood cell count (2.86+0.66 vs. 3.10+0.68 x 10%/mm?,

Table 4
Haematological and biochemical data of 1415 patients with sickle cell anaemia who were infected with HCV or HTLV-I
Haematological and biochemical data Infected Non-infected P-value
Mean +SD Mean +SD
Hepatitis C virus (HCV)
LDL-C, mg/dl 30.67 +£26.57 19.54+8.34 0.0272
Triglycerides, mg/dl 132.23 +74.82 96.78 +40.98 0.002°
Iron serum, mcg/dl 218.40+231.07 114.75+103.23 0.009P
Ferritin, ng/ml 624.22+1212.74 351.25+371.62 0.007°
Human T-lymphotropic virus type I (HTLV-I)
RBC, x106/mm3 3.10+0.68 2.86+0.66 0.029?
Haemoglobin, g/dl 8.38 £1.46 7.78 £1.49 0.0082
Haematocrit, % 26.40+5.35 24.68 +4.74 0.018"

2 ANOVA; P Kruskal-Wallis Test

LDL-C: Low-density lipoprotein cholesterol; RBC: Red blood cells
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P=0.029), haemoglobin concentration (7.78+1.49 vs.
8.38+1.46 g/dl, P=0.008) and haematocrit concentration
(24.68 +£4.74 vs. 26.40 +5.35%, P=0.018) (Table 4).

In addition, 45 SCA patients who had concomitant HCV
and HTLV-1 infections were statistically more likely to have
ahistory oflegulcers (OR: 3.71,95% Cl: 1.65-8.14,P<0.001).

5. Discussion

The present study retrospectively investigated the
prevalence of transfusion-transmitted infections among a
group of SCA patients. The most prevalent causes of infec-
tion were HCV, HTLV-I, HBV, HIV, Chagas’ disease and
syphilis.

The prevalence of HCV infection among SCA patients
has been previously described to range from 2-30%.7
Moreover, the presence of HCV and iron overload is
directly related to the number of blood transfusions in SCA
patients, contributing to increased iron absorption from
chronic haemolysis and direct liver injury due to tissue
hypoxia during sickle cell-related vascular occlusion.>12
Our results demonstrate that despite the exposure to
blood transfusion-transmitted viruses, the majority of SCA
patients have normal liver function, as measured by stan-
dard biochemical parameters. Interestingly, however, in
SCA patients, the plasma haemoglobin liberated from
destroyed sickle erythrocytes decreases endothelial nitric
oxide (NO) bioavailability, increasing ROS and impairing
downstream homeostatic vascular functions of NO, such as
inhibition of platelet activation and transcriptional repres-
sion of cell adhesion molecules.!314 Our results suggest
that increased LDL-C, triglycerides, iron and ferritin con-
centrations may be related to chronic haemolytic and
inflammatory states, as previous described.!>16

HBV infection was also associated with an increase in
clinical severity among the SCA patients, primarily related
to bone disorders and painful crises. There have been some
reports related to HBV infection in SCA patients, but the
role of the virus in the clinical severity of these patients is
unknown.!7-19

Data are limited about the risk of HTLV-I/II infection in
SCA patients. However, a previous report has pointed to the
use of blood therapy as a major risk factorin acquired HTLV-
I infection.2® The bones of SCA patients are affected by
microinfarction, osteopaenia, osteoporosis, osteomyelitis,
and osteonecrosis.2'~23The relationship between HTLV-I
infection and osteoporosis has been shown by Schachter
et al. (2003), who described that changes in the extra-
cellular matrix of neural tissues are important for bone
mineral deposition.24 According to our results, SCA patients
with HTLV-I infection presented a high prevalence of bone
disorders, suggesting that HTLV-I contributed to clinical
severity. Respiratory failure has been also associated with
HTLV-Iinfection, corroborating our results.2>26 [n addition,
our results suggest an increase in several haematologi-
cal parameters, such as haemoglobin, haematocrit and red
blood cells, which may contribute to worsening of the bone
disorder through an increase in blood viscosity secondary
to the infection.

We only found an association of Chagas’ disease with
leg ulcer occurrence in SCA patients, and we did not find

any association of syphilis or HIV infection with the clini-
cal outcome of SCA patients, although a few reports have
described such associations.27-29

The risk of infections from blood transfusions has
decreased after the introduction of blood donor screening,
mainly for HBV, HBC and HIV. However, additional stud-
ies related to these transfusion-transmitted infections and
their influence on SCA pathogenesis is of biological inter-
est and may contribute to understanding the mechanisms
through which infectious agents interact with SCA, and it
will be important to describe these complex networks of
associations and their influence on the clinical modulation
of the disease.
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