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Abstract
Objective—Some studies suggest that HIV infection progresses slowly in patients with sickle
cell disease (SCD). The authors aimed to determine the relationships between SCD and HIV
infection.

Methods—National Hospital Discharge Survey data from adult Africane–Americans in the
period of 1997–2009 were analysed. The comorbidities of SCD with HIV infections in hospital
discharges were analysed. Multiple logistic regression was used to test the association between
SCD and HIV. For comparative purposes, the relationships of SCD with hepatitis B virus (HBV)
and hepatitis C virus (HCV) were also assessed.

Results—423 431 records were divided into two time periods 1997–2003 (53% of records) and
2004–2009 (47% of records). The frequency of HIV diagnosis was lower in patients with SCD
(1.5% vs 3.3% in patients without SCD). In logistic regression, SCD diagnosis was associated
with an OR of 0.24 (95% CI 0.18 to 0.32) for HIV diagnosis in the first period and with an OR of
0.31 (95% CI 0.22 to 0.42) in the second period. In contrast, SCD was associated with higher risk
of HCV (OR=2.01, 95% CI 1.56 to 2.59 in the first period and OR=2.12, 95% CI 1.71 to 2.63 in
the second period). SCD was also associated with a higher risk of HBV (OR=1.15, 95% CI 0.72 to
1.83 in the first period and OR=1.82, 95% CI 1.24 to 2.68 in the second period).

Conclusions—The lower risk of HIV comorbidity, but not HCV and HBV, with SCD is
consistent with the possibility that SCD has a unique effect in altering the risk of HIV infection or
progression. Investigation of how the haemolytic and immunological changes of SCD influence
HIV might lead to new therapeutic or preventive approaches.

INTRODUCTION
The Centers for Disease Control estimated that 1.1 million adults and adolescents were
living with HIV infection in the USA in 2006 and that 46% of them were Africane–
American. In 2008, the prevalence of HIV infection for the population aged ≥13 years was
estimated to be 469 per 100 000 overall and 1819 per 100 000 in Africane–Americans. The
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HIV prevalence for Africane–American men was six times the rate for white men and the
rate for Africane–American women was 18 times the rate for white women.1 Sickle cell
disease (SCD) is the most common inherited blood disorder in the USA, affecting
approximately 90 000 people, 90% of them Africane–American.2

Several studies suggest that SCD may influence the course of HIV infection and
progression. The prevalence of HIV seropositivity in patients with SCD who were
transfused in the 1970s and 1980s was reported to be lower than in haemophiliacs receiving
transfusions,3 although this difference could plausibly be due to exposure to blood products
from more donors in the haemophiliacs. A cohort of SCD patients infected with HIV from
five centres in the USA had slower HIV progression based on viral load and CD4+ cell
count than matched HIV-positive patients without SCD when followed for a median of 12
years (range 2–13 years).4 In another study in the USA, none of 686 HIV patients with SCD
died during hospitalisation compared with 3.1% of 62 004 HIV patients without SCD.5 A
recent report from the Republic of Congo6 indicated that the frequency of HIV among 127
patients with SCD was lower than among 3390 blood donors7 (0.9% vs 5.4%; p=0.022). In
contrast, the prevalence of HIV among patients with SCD (0.8%, 95% CI 0.4% to 1.4%) in
Brazil8 was not lower than that in the general adult population as reported in a separate
source (0.6%, 95% CI 0.5% to 0.8%).9

The purpose of the present study was to determine whether SCD diagnosis is associated with
lower rate of concurrent HIV diagnosis in Africane–American adults who are hospitalised,
based on data collected in the USA. This is the first population-based study with adequate
sample size that tests if SCD could protect from HIV. A small study suggested that SCD
may be associated with protection from HIV protection, but this is by no means established.3

SCD is associated with upregulated inflammatory and haemolytic pathways; if these
responses provide protection from HIV, it is very important to do further research and
identify the mechanism. This could open the door to new therapeutic or preventive strategies
for HIV. The relationship of SCD with hepatitis C virus (HCV) infection and hepatitis B
virus (HBV) infection was also examined for comparative purposed.

METHODS
The National Center for Health Statistics at Centers for Disease Control has conducted the
National Hospital Discharge Survey since 1965. This survey recruits discharge records from
random samples of non-institutional hospitals, excluding Federal, military and Veterans
Administration hospitals, located in the 50 States and the DC. Only short-stay hospitals
(hospitals with an average length of stay for all patients of <30 days) or those whose
specialty is general (medical, surgical or paediatric) are included in the survey. For each
discharge record, up to seven medical diagnostic codes were recorded. The International
Classification of Diseases, 9th Revision, Clinical Modification (ICD-9-CM) was used for
coding the diagnoses.10

This study used National Hospital Discharge Survey data from 1997 to 2009. Analysis was
restricted to adult (≥20 years) Africane–American individuals. Different comorbidity
categories were classified according to the ICD-9-CM codes (see table 1 in online
appendix). Each patient was assigned to these categories if any of the seven diagnoses had
the corresponding ICD-9 code, so each patient could have more than a single diagnosis.

Statistical analysis
The year 1997 was chosen for the start of this study as this approximately coincides with the
introduction of Highly Active Antiretroviral Therapy (HAART) for HIV11 and Food and
Drug Administration (FDA) approval of hydroxyurea12 for SCD. Data were divided into
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two periods to determine whether observed relationships could be confirmed in consecutive
time periods. Each period covered approximately 50% of the samples. Logistic regression
analysis was applied to assess the relationship of SCD diagnosis at discharge with HIV,
HCV and HBV diagnoses at discharge. Since exploratory analysis indicated that the risks of
HIV infection and SCD varied according to certain demographic variables, adjustment was
made for the effects of these variables including age (categorised in decades) in analyses.
HIV diagnosis was different according to some of the general diagnostic categories, so a
model was built to adjust for demographic variables as well as general category of disease as
potential confounders. Applying survey weight did not change the results, so unweighted
results are presented in the Results section.

RESULTS
From 1997 to 2009, 423 431 records from adult Africane–American patients were available.
We divided these records into two periods, an early period (1997–2003) including 53% of
the records and a later period (2004–2009) including 47% of the records (table 1).

The frequency of SCD diagnosis was stable, approximately 1.5%. The frequency of HIV
diagnosis had two increases, one from 1997 to 1999 and the second from 2006 to 2008. In
2009, the frequency of HIV diagnosis decreased from 3.5% to 2.1%. HCV frequency
continuously increased from 1997 to 2004 and then declined from 2007. HBV diagnosis was
stable during the study periods, approximately 0.5% (figure 1).

In both study periods, patients with SCD were of younger age (figure 2A). The median
(IQR) age was 31 (25–40) years in patients with SCD versus 51 (37–68) years in other
diagnoses (p<0.0001). SCD frequency was higher among men than women aged <40 years.
SCD frequency was not different by gender over 40 years of age (figure 2A).

SCD and HIV comorbidity
In the earlier period, the frequency of HIV diagnosis peaked in the 30–39 years of age group
in both genders. In the later period, this peak happened in the 40–49 years of age group in
both genders (figure 2B). In the earlier study period, the frequency of HIV diagnosis was
lower among patients with concurrent SCD up to 60 years of age. In the later period, HIV
diagnosis was lower among patients with concurrent SCD up to 50 years of age (figure 2C).

In both study periods, the overall frequency of HIV diagnosis was lower among patients
who had concurrent SCD diagnosis (approximately 1.5%) than in patients without SCD
diagnosis (approximately 3.3%). Sickle cell diagnosis was associated with an OR of 0.46
(95% CI 0.35 to 0.60) for concurrent HIV diagnosis in the earlier period and with an OR of
0.43 (95% CI 0.32 to 0.59) in the later period.

The frequency of HIV diagnosis differed according to the presence or absence of other
comorbidities in both study periods. HIV frequency was higher in patients with a diagnosis
of other infectious disease as well as other haematological, mental, respiratory and skin
diseases (see figure 1 in online appendix). Therefore, we adjusted for other comorbidities in
our analyses. In both study periods, the prevalence of HIV differed according to geographic
region (higher in the northeast and south areas) and marital status (higher in single and
divorced or separated individuals). Therefore, we also performed an analysis that adjusted
for these variables in addition to the broad diagnostic categories.

In multiple logistic regression and adjusting for age, gender, geographic location, marital
status and other comorbidities (including infectious, neoplasm, endocrine, haematological,
mental, nervous, cardiovascular, respiratory, digestive, genitourinary, skin, musculoskeletal

Nouraie et al. Page 3

Sex Transm Infect. Author manuscript; available in PMC 2013 November 01.

$w
aterm

ark-text
$w

aterm
ark-text

$w
aterm

ark-text



disease and injuries), SCD was associated with an OR of 0.24 (95% CI 0.18 to 0.32) for
concurrent HIV diagnosis in the earlier period and with an OR of 0.31 (95% CI 0.22 to 0.42)
in the later period (table 2).

SCD and comorbidity with HCV and HBV
To determine if the observed decreased association of SCD and HIV was a general
observation for viral infections or unique to HIV, we also examined the comorbidities of
SCD and HCV and of SCD and HBV.

In the earlier study period, the frequency of HCV diagnosis was higher among patients with
concurrent SCD up to 50 years of age. In the later period, HCV diagnosis was more frequent
in patients with concurrent SCD up to 60 years of age (figure 2A in online appendix). In
both study periods, the overall frequency of HCV diagnosis was higher among patients who
had concurrent SCD diagnosis (2.0% vs 1.3% in patients without SCD diagnosis in the early
period and 3.1% vs 2.3% in the later period). In bivariate analysis, SCD diagnosis was
associated with an OR of 1.49 (95% CI 1.16 to 1.91) for concurrent HCV diagnosis in the
earlier period and with an OR of 1.32 (1.08 to 1.63) in the later period. In multiple logistic
regression after adjusting for age, gender, geographic location, marital status and other
comorbidities, SCD was associated with an OR of 2.01 (95% CI 1.56 to 2.59) for concurrent
HCV diagnosis in the earlier period and with an OR of 2.12 (95% CI 1.71 to 2.63) in the
later period (table 3, a).

In the earlier period, the frequency of HBV diagnosis was higher among patients with SCD
up to age of 40 years, and then, HBV was more frequent in patients without the diagnosis of
SCD. In the later period, the diagnosis of HBV was more frequent in patients with
concurrent SCD up to age of 50 years (figure 2B in online appendix). In both study periods,
the overall frequency of HBV diagnosis was higher among patients who had SCD (6.0% vs
0.4% in patients without SCD for the earlier period and 0.9% vs 0.4% in the later period). In
the earlier period, SCD was not associated with significantly higher frequency of HBV. In
the later period, and after adjustment for age, gender, geographic location, marital status and
other comorbidities, SCD was associated with an OR of 1.82 (95% CI 1.24 to 2.68) for
concurrent HBV diagnosis (table 3, b).

DISCUSSION
While Africane–Americans represent approximately 13% of the US population,13 they
account for almost half of people living with HIV in the USA. In 2009, in adult Africane–
American men, the main route of transmission was male-to-male sexual contact, followed
by heterosexual contact and injection drug use; in women, heterosexual contact and injection
drug use were the most important transmission routes.14

In this study, we found that SCD among Africane–American hospital discharges was
associated with lower rate of HIV comorbidity. This effect was consistent for two periods of
study, one of 7 years duration and the other of 6 years duration. The younger age of patients
with SCD was a potential major confounder, so adjustment for age was necessary in our
analyses. The observed effect of SCD on HIV comorbidity was even more significant after
adjustment for confounders. In striking contrast, SCD was associated with a higher risk of
HCV and HBV comorbidities in this database. This is consistent with a unique effect of the
immunological or haemolytic changes of SCD on HIV versus other viral infections.

It is also conceivable that a lower chance of exposure to HIV through sexual activity or
intravenous drug abuse could explain the lower risk of HIV comorbidity in patients with
SCD. SCD is associated with a delay in sexual maturation1516 and lower sexual activity.1718
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However, adjusting for marital status and the diagnosis of drug abuse did not affect the
inverse relationship between SCD and HIV in the present study. We did not have
information about sexual activity. Marital status is rather an inaccurate measure of sexual
activity. It is therefore possible that the strength of the observed association has been
overestimated due to residual confounding.

We could not rule out the effect of other potential biases in this study. Any factor that could
change the chance of hospital admission could affect our interpretation. HIV, HBV or HCV
comorbidities could increase the severity of disease and risk of hospital admission in
patients with SCD.58 This could partially explain the effect of SCD on higher HBV and
HCV rate of comorbidities but could not predict the lower rate of HIV diagnosis in patients
with SCD. We were not able to identify repeat admissions. SCD,19 HBV and HCV
infections20 are associated with higher rate of hospital readmission, which could
overestimate the association between SCD diagnosis and these infections in hospital records.
The observed frequency of HIV diagnosis in hospital discharges is 3%, which is higher than
1.8% expected from the Africane–American (aged ≥13 years) statistics. We have studied
adult patients who could partially explain this higher prevalence. HIV diagnosis is also
associated with increased risk of hospital readmission,21 which will increase the estimated
prevalence of HIV infection in hospital discharge records and may bias the observed
association.

Interindividual variability has been reported in the response to HIV infection. This includes
susceptibility to infection by HIV, transmission of HIV and HIV disease progression.22

While more than 90% of infected people progress to AIDS if untreated, long-term non-
progressors, who have <2000 copies of virus per millilitre without antiretroviral therapy, and
elite controllers, who have <50 copies per millilitre without therapy, remain naturally
resistant to the disease. Natural human susceptibility could potentially be determined by a
number of factors, including chemokines, cytokines, HIV co-receptors, immune responses
and innate antiviral resistance.23

Several mechanisms might explain an ameliorating effect of SCD on the course of HIV
disease. (1) Chronic haemolysis upregulates haeme oxygenase-1.24-26 Upregulation of
haeme oxygenase-1 was recently shown to block HIV-1 infection in macrophages and T
cells treated with haemin.2728 Haemin administration also significantly reduced viral load in
HIV-infected humanised mice.27 Suppression of HIV-1 by haemin was reversed by
protoporphyrin, an HO-1 inhibitor.28 (2) Hypoxia related to anaemia and vaso-occlusive
episodes may contribute to inhibition of HIV.29-31 Our previous molecular studies showed
that HIV-1 transcription is inhibited in cells cultured under lower oxygen conditions.30 (3)
Higher expression of inflammatory cytokines32 may be associated with enhanced innate
immunity and protection from HIV infection.33 For example, IL-10, a TH-2 cell cytokine
that is increased in SCD,3234 inhibits HIV-1 replication in macrophages.35 (4) HIV
transcription is inhibited when cellular iron is reduced with iron chelators3637 or when the
iron export protein ferroportin is overexpressed.38 Iron chelators deregulate cellular
activities of CDK2 and CDK9, which are critical for HIV-1 transcription.3637 HIV-1 is also
induced in primary cells treated with hepcidin. Thus, reduced hepcidin production and lower
intracellular labile iron levels in SCD39 might lead to the inhibition of HIV replication.3637

(5) Duffy Antigen Receptor for Chemokines-negative status40 and CCR5 blockage23 could
slow HIV progression. Lower expression of Duffy Antigen Receptor for Chemokines41 and
CCL5 (also known as RANTES) in patients with SCD42 could also explain lower HIV
progression in these patients. (6) Hydroxyurea, widely used in patients with SCD to reduce
vaso-occlusive episodes, is a virostatic drug against HIV.43
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SCD was associated with increased risk of HBV, a condition associated with injection drug
use and risky sexual behaviour, and HCV, which is transmitted mainly by injection drug
use.44 The frequency of both infections has been reported to be higher in patients with
SCD.4546 HIV, HCV and HBV infection also could be transmitted by contaminated blood,
even though there is minimal risk in recent years. The higher frequency of HCV in patients
with SCD may be related to transfusion of blood products prior to the availability of blood
screening. Despite the common transmission routes, the higher rate of HCV and HBV in
SCD diagnosis is in contrast to the lower rate of HIV in our analysis. This could indicate a
specific protection against HIV infection and progression or different routes of exposure
between these infections among patients with SCD. In our data, higher risk of HCV and
HBV comorbidities among patients with SCD are limited to younger age groups. Higher
frequency of HBV and HCV diagnosis among younger age could reflect the importance of
other admission diagnosis in older ages. These comorbidities increase the severity of disease
in sickle cell anaemia8 so they may decreases the chance of survival in patients with SCD.
The apparent increase in HCV diagnosis during the study period could reflect the effect of
introduction of serological test for HCV and also increasing inpatient care and treatment
indication for HCV.

Causal inferences in a cross-sectional study are limited by many potential biases, including
selection and information bias and lack of temporality. Ideally, a cohort study would collect
data about the incidence of HIV infection in Africane–Americans with and without SCD,
together with data about possible confounding factors and immunological status. Also our
results may not be applicable to other populations with different prevalence of SCD and
HIV, or populations where patients tend to present very late in the course of their illness,
such as is typically the case in most developing countries.

In conclusion, our results show that SCD diagnosis is associated with a lower rate of HIV
comorbidity among adult Africane–Americans discharged from hospital in the USA. A
higher rate of HCV and HBV diagnoses in these patients could indicate that, rather than a
lower exposure rate, an enhanced immune or innate antiviral defence that is effective against
HIV but not other viruses may ameliorate HIV infection in patients with SCD. If this
observation is confirmed in molecular studies, it could potentially provide insights into
protective and therapeutic measures for HIV infection.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Key messages

▶ SCD is associated with lower risk of HIV comorbidity.

▶ SCD increased the risk of HBV and HCV comorbidities.

▶ The protection against HIV infection or progression could be related to
enhanced immune defence in SCD against HIV.
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Figure 1.
The frequency of different diagnoses in hospital discharges. Bars indicate the CI of
frequencies calculated from Poisson distribution.
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Figure 2.
(A) Frequency of sickle cell disease (SCD) diagnosis by age group and gender. Denominator
for each frequency is total number of hospital discharges for the same age group and gender.
(B) Frequency of HIV diagnosis by age group and gender. Denominator for each frequency
is total number of hospital discharges for the same age group and gender. (C) Frequency of
HIV diagnosis by age group and sickle cell diagnosis. Denominator for each frequency is
total number of hospital discharges for the same age group and sickle cell status.
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Table 1

Characteristics of patients by study period

Characteristic Study period

1997–2003 2004–2009

Total number of records 22 5819 197 612

Age group (years), N (%)

 20–29 35 007 (15) 27 355 (14)

 30–39 37 396 (17) 27 447 (14)

 40–49 39 595 (18) 35 562 (18)

 50–59 32 771 (14) 34 774 (18)

 60–69 30 130 (13) 27 920 (14)

 70–79 28 829 (13) 24 291 (12)

 80+ 22 091 (10) 20 263 (10)

Median (IQR) age, years 50 (35–68) 52 (38–68)

Male, N (%) 84 764 (38) 76 704 (39)

Sickle cell diagnosis, N (%) 3370 (1.5) 3147 (1.6)

HIV diagnosis, N (%) 7277 (3.2) 6073 (3.1)

HCV diagnosis, N (%) 3010 (1.3) 4645 (2.4)

HBV diagnosis, N (%) 870 (0.4) 882 (0.5)

Other infectious and parasitic diseases, N (%) 23 387 (10) 21 316 (11)

Neoplasm, N (%) 24 280 (11) 20 607 (10)

Endocrine, nutritional and metabolic
diseases, N (%)

90 246 (40) 92 884 (47)

Other haematological diseases, N (%) 35 494 (16) 32 444 (16)

Mental disorders, N (%) 53 008 (23) 54 546 (28)

Nervous system disease, N (%) 20 727 (9) 22 651 (11)

Cardiovascular diseases, N (%) 116 107 (51) 114 718 (58)

Respiratory diseases, N (%) 49 961 (22) 48 898 (25)

Digestive diseases, N (%) 43 835 (19) 42 811 (22)

Genitourinary diseases, N (%) 44 198 (20) 53 065 (27)

Skin diseases, N (%) 15 271 (7) 15 541 (8)

Musculoskeletal and connective tissue
diseases, N (%)

24 212 (11) 25 842 (13)

Injury and poisoning, N (%) 26 311 (12) 25 609 (13)

HBV, hepatitis B virus; HCV; hepatitis C virus.
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