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Azithromycin Reduces Markers of Vascular Damage in
Pediatric Patients With Sickle Cell Disease

Peter N. Uchakin® ® ¢ Vishwas S. Sakhalkar®, Francis C. Daned, Olga N. Uchakina?,
Jatayah N. Sheed®, William T. Uphouse®, Om V. Sakhalkarf

Abstract

Background: Immunomodulatory effects of macrolides in chronic
inflammation are well known. In this study, we tested our hypothesis
that azithromycin (AZT) can decrease inflammation in pediatric pa-
tients with sickle cell disease (SCD).

Methods: The use of AZT as an anti-inflammatory agent was evalu-
ated in double-blind, placebo-controlled, cross-over study for 8
weeks of treatment with 8 weeks of washout. Blood samples were
collected before (PRE) and after (POST) each 8-week treatment pe-
riod. Repeated measures analysis of variance (ANOVA) with post
hoc multiple comparison procedures and Chi-square test were used
for statistical analysis of the data. Complete blood count, distribution
of the lymphocyte subsets, and plasma levels of markers of vascular
damage were analyzed.

Results: A significant decrease in the number of leucocytes and
granulocytes was observed in AZT group following treatment.
An opposite dynamic was observed in placebo group; numbers of
granulocytes significantly increased at POST interval. All markers
of vascular damage were reduced in AZT group at POST interval
with overall significance (P = 0.026). The most prominent signifi-
cant changes were observed in levels of myeloid-related protein 8/14
(MRP8/14), lipocalin A (NGAL), matrix metalloproteinases (MMP)
9, and insulin-like growth factor-binding protein (IGFBP) 4. Plasma
level of C-reactive protein (CRP) was significantly decreased in AZT
group as well.
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Conclusions: Data suggested that AZT may be beneficial in manage-
ment of microvascular injury in SCD.
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Introduction

Sickle cell disease (SCD) is the world’s most common he-
moglobinopathy that perhaps originated as nature’s defense
against malaria. SCD is a spectrum condition that caused by
the single mutation (GAG—GTG and CTC—CAC) in the
beta-globin locus on chromosome 11. Results of such muta-
tion lead to production of the defective hemoglobin S, which
polymerizes following its deoxygenation and sickling of eryth-
rocytes. Change in the shape of the erythrocytes results in the
loss of their elasticity, and thus, increases risk of occlusion in
the microvasculature, as well as their hemolysis with release of
free hemoglobin, which acts as scavenger of nitric oxide. Sick-
ling is also associated with increased dehydration of erythro-
cytes, decreased antioxidant capacity, elevated exposure of
phosphatidylserine, formation of microparticles, which may
stimulate coagulation cascade [1-7].

Hydroxyurea (HU) is the only approved medication to
ameliorate SCD until recently and the only well studied drug
for treatment of SCD. However, it is important to take into
consideration that HU is a chemotherapeutic agent, has exten-
sive side effects and is often associated with mucosal and cu-
taneous ulcerations [8-10], which may also expose tissues to a
number of opportunistic pathogens.

Intense systemic inflammation from intravascular hemol-
ysis and vaso-occlusions may lead to many acute and chronic
complications such as acute pain episodes, stroke, acute chest
syndrome (ACS) and predispose patients to a variety of pul-
monary complications. While routine bacterial infections can
be treated with third-generation cephalosporins (cefotaxime
or ceftriaxone), macrolides (azithromycin (AZT) or erythro-
mycin) are recommended for coverage of atypical microbes in
the patients with SCD [11]. Although bacteriostatic and bac-
tericidal properties of macrolides are well established, their
ability to modulate host immune response is less known. Anti-
inflammatory properties of the macrolides and AZT have been
shown before [12-16]. Furthermore, the antiviral properties of
AZT have been demonstrated in vitro as well [17, 18]. The

Articles © The authors | Journal compilation © | Hematol and Elmer Press Inc™ | www.thejh.org
178 This article is distributed under the terms of the Creative Commons Attribution Non-Commercial 4.0 International License, which permits
unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited


https://crossmark.crossref.org/dialog/?doi=10.14740/jh827&domain=pdf&date_stamp=2021-07-17

Uchakin et al

| Hematol. 2021;10(4):178-186

exact mechanisms of its actions remain unclear. In this study,
we tested our hypothesis that AZT can lower chronic vascular
inflammation seen in pediatric patients with SCD.

Materials and Methods

Subjects

The anti-inflammatory properties of AZT were evaluated in a
24-week double-blind crossover, placebo-controlled study. In-
clusion criteria were: age 6 - 18 years who are able to swallow
pills, diagnosis of SCD (HbSS, HbSC, HbSBO0 thalassemia)
by hemoglobin electrophoresis, and steady-state health with
no history of any acute illness in the past 1 month. Exclusion
criteria were: hospital admission in the past 3 months, vaso-oc-
clusive crisis in the past 3 months, history of blood transfusion
in the past 3 months, and receiving AZT in the past 2 months.

Ethical issues and informed consent

This study was conducted in compliance with the ethical
standards of the responsible institution on human subjects as
well as with the Helsinki Declaration. The Navicent Health
Institutional Review Board approved the study. Informed con-
sent forms were given and explained to the parents or legal
guardians of the children prior to enrollment into the study.

Experimental procedure

One 250 mg capsule of AZT or placebo was given orally for 8
weeks to children under 30 kg and two capsules were given to
children over 30 kg thrice weekly, then switched following 8
weeks washout. Subjects did not receive any other medication
other than folic acid and standard HU therapy.

Peripheral blood was collected at four intervals: before
(PRE) and after (POST) each 8-week AZT or placebo treat-
ment. Twenty pediatric patients (age (mean + standard deviation
(SD)): 12.1 £ 2.9 years) of both genders completed the study.

All blood samples were collected at the physician office
during scheduled visits via venipuncture. Complete blood
count (CBC), plasma level of C-reactive protein (CRP) and
blood chemistry were performed at the clinical laboratory at
Navicent Health Medical Center. Samples designated for im-
mune analyses were placed on ice immediately upon collec-
tion in the outpatient clinic, and transferred to the research
laboratory within 60 min for subsequent assessment.

Assays

White blood cells

Whole blood was used to determine the distribution of white
blood cells subsets with flow cytometry. Lymphocyte phenotyp-
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ing was accomplished by direct immunofluorescence labeling
of cell surface antigens with mouse anti-human monoclonal
antibodies conjugated to different (peridinin chlorophyll pro-
tein (PerCP)/cyanine 5.5 (Cy5.5), fluorescein isothiocyanate
(FITC), phycoerythrin (PE), allophycocyanin (APC), PE/Cy7,
APC/Cy7) fluorochromes using procedures recommended by
the manufacturer (BioLegend, San Diego, CA, USA). Along
with physical parameters (forward scatter/side scatter (FS/
SS)) PerCP labeled anti-cluster of differentiation (CD)45 anti-
bodies (Abs) were used for leukocyte gating of granulocytes,
monocytes, lymphocytes, as well as lymphocyte subsets T
cells (CD3"), T helper cells (CD3"CD4"), T cytotoxic cells
(CD3*CD8"), T natural killer (CD3-CD56%), and natural killer
(NK) cells (CD3-CD56"). Samples were analyzed on a BD
FACSCalibur cell analyzer (Beckman Coulter, Brea, CA, USA).

Markers of the vascular damage (VD)

The remainder of the whole blood samples were centrifuged,
plasma removed, and then frozen at -80 °C until subsequent
batch analysis of the systemic level of the markers of VD. Con-
centrations of the myoglobin (Myo), myeloid-related protein
8/14 (MRP8/14), lipocalin A (NGAL), matrix metalloproteinas-
es (MMP) 2 and 9, osteopontin (OPN), myeloperoxidase (MPO),
serum amyloid A (SAA), insulin-like growth factor-binding
protein (IGFBP) 4, intercellular adhesion molecule (ICAM)
1, vascular cell adhesion molecule (VCAM) 1, and cystatin C
(Cys) were measured by flow cytometry using LEGENDplex
bead-based immunoassay (BioLegend, Ssan Diego CA, USA).
Acquired raw data were analyzed using LEGENDplex Data
Analysis Software v.7 (VigeneTech, Carlisle, MA, USA).

Statistics

Data from the AZT-treated (AZT) and placebo control (CTRL)
groups at each 2-month trial were combined following study
completion for statistical analysis. All statistical analyses were
accomplished with IBM SPSS Statistics for Windows, version
26 (IBM Corp., Armonk, NY., USA), SigmaPlot version 13
(Systat Software Inc., San Jose, CA, USA) and Jamovi version
1.6.23 (The jamovi project, Sydney, Australia). Mixed-model re-
peated measures analysis of variance (ANOVA) was used after
determining that distributions conformed to the requirements of
normality and homogeneity. Appropriate post hoc multiple com-
parison procedures (Student-Newman-Keuls Method) were used
for statistical analysis of the collected data. For the assessment of
relative interval-dependent (percent to PRE) dynamics, absolute
units of measure were normalized with logl10 and square root
transformation. Continuous measures were expressed as means +
standard error of the mean (SEM). Differences between categori-
cal data were analyzed with the Chi-square (y?) test.

Results

There were no significant differences between groups in age (P
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Table 1. Demographic Data of the Subjects

AZT group CTRL group P value
Age (mean + SD) 10.7+3.3 10.6 £3.2 0.978
Gender (F/M), n 7/5 3/5 0.361
Diagnosis (Hb (SB+/SC/SS)), n 2/4/6 1/1/6 0.499

AZT: azithromycin; CTRL: placebo control; F: female; M: male; SD: standard deviation.

=0.978), gender (P = 0.361), and phenotype of the SCD (P =
0.499, Table 1 and Supplementary Material 1, www.thejh.org).
No signs of infections were observed or reported during the
duration of the study.

A significant (P = 0.023) decrease in the absolute count
of leukocytes was observed in patients of AZT group at POST
interval. In contrast, absolute number of leucocytes in periph-
eral blood of CTRL group significantly (P = 0.007) increased
at POST interval compared to PRE interval. Those changes
reflected a significant decrease in the percentage and absolute
numbers (P = 0.031) of neutrophils in AZT group and their
significant (P = 0.034; P = 0.04 correspondingly) increase in
CTRL group at POST interval. Such changes were associated
with a significant (P = 0.04) increase in percentage of lym-
phocytes in AZT group. A decrease in this parameter in CTRL
group was registered but did not reach statistical significance.
Slight but significant (P = 0.006) decrease in the percentage
of monocytes was observed in CTRL group. No significant
changes in AZT group were registered for this parameter (Ta-
ble 2).

No significant changes were observed in the number of
erythrocytes.

Subsequently, we evaluated the distribution of the ma-
jor lymphocyte subsets in plasma of the patients. Percent-
age of pan T cells (CD3") and their major subsets of helper
(CD3"CD4" Th) and cytotoxic (CD3*CD8* Tc) T cells was
significantly (P = 0.033; P =0.016 correspondingly) higher in

AZT group following the treatment. However, readjustment to
the total number of lymphocytes showed increase in the abso-
lute numbers of pan CD3" and T helper subset was higher in
CTRL group at POST interval. No changes were observed in
the distribution of the NK (CD3-CD56") and TNK (CD3"56")
cells in either group (Table 3).

These changes were accompanied by a significant (P =
0.022) decrease in the plasma level of CRP in AZT group (0.33
+ 0.07 vs. 0.18 £+ 0.04 mg/L). No significant changes (about
4% decrease) were registered in the lactate dehydrogenase
(LDL) level in AZT group.

Plasma levels of all studied parameters of VD, were de-
creased in AZT group at different degree with overall signifi-
cance (P =0.026). A 2 (group) x 2 (time: PRE vs. POST) x 12
(VD marker) mixed-model analysis of variance (ANOVA) was
used to determine: 1) if there was a change between studied
intervals; 2) if that change was consistent between the AZT
and control groups; and 3) if that change was consistent for
the different markers. Data were presented as percent differ-
ence between PRE and POST intervals (Fig. 1). Specifically,
significantly lower plasma levels of MRP8/14, NGAL, SAA,
IGFBR4, and MMP9 were observed in AZT group (Fig. 2).

Subsequently, we evaluated the distribution of patients
in each group whose plasma levels of any marker of VD has
decreased at POST interval. Data were analyzed with ¥? test
with Yates correction for continuity and presented as percent-
age of patients with lowered VD markers relative to the to-

Table 2. Relative Distribution and Absolute Numbers of the Major Populations of White Blood Cells in Peripheral Blood in Patients
Treated With Azithromycin (AZT) and Placebo Control (CTRL) Groups

AZT CTRL
PRE POST PRE POST

LEU

x 103 cells/uL 9,633.3 +£1,252.0 7,618.3 £973.7* 9,025.0 +1,653.8 10,562.5 + 1,277.4*
GR

% 53.5+4.2 449 + 4.0* 432+59 51.4+3.7*

x 103 cells/uL 5,275.0 £1,054.7 3,566.7 £ 491.8%* 4,062.5+841.3 5,437.5 £ 663.0%*
LY

% 393+£40 47.1 £3.4% 48.7+5.9 43.1+3.7

x 103 cells/uL 3,566.2 +£426.0 3,692.2 +£704.7 4,448.7 +1,184.9 4633.4 £ 859.2
MO

% 6.5+0.9 7.7+13 6.7+0.4 53+£0.5*%

x 103 cells/uL 642.8 +£123.7 582.3+117.1 626.3 +141.8 570.2 +103.3

Data were presented as mean * standard error of the mean (SEM). *Statistical significance (P < 0.05) between PRE and POST intervals. LEU: leu-

kocytes; GR: granulocytes; LY: lymphocytes; MO: monocytes.
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Table 3. Relative Distribution of the T Cell Subsets in Peripheral Blood of Patients Treated With Azithromycin (AZT) and Placebo

Control (CTRL) Groups

AZT CTRL
PRE POST PRE POST
CD3" (%) 57.5+£2.7 62.3 +1.9% 60.7+3.2 62.1+2.2
CD3-CD56" (%) 11.5+19 109+ 1.4 87+1.1 9.8+ 1.0
CD3*CD4" (%) 66.3+1.6 68.6 £ 1.3* 66.4+1.8 66.3 £ 1.8
CD3"CD8&" (%) 254=+1.6 28.7+ 1.6* 26.7+£2.2 251+2.4

Data were presented as mean + standard error of the mean (SEM). *Statistical significance (P < 0.05) between PRE and POST intervals. CD: cluster

of differentiation.

tal number of the patients in the group. A significantly higher
number (91.7%) of patients in AZT group compared to CTRL
group had decreased levels of MRP8/14, with the next highest
numbers being 83.3% for the SAA and MMP9, and 75% for
NGAL (Fig. 3). Further analysis showed that overall the AZT
group included significantly (P = 0.003) more patients with
decreased levels of VD markers compared to the CTRL group.

Discussion

In this study we evaluated the use of AZT to lower the inflam-
matory response due to non-infectious etiology viz. intravas-
cular hemolysis, the major factor responsible for inflammatory
damage in SCD. While the underlying mechanisms of such
properties of AZT and other macrolides are unclear it is impor-
tant to accumulate sufficient information for future research.
It will allow for evaluation of possible cellular and molecular
mechanisms for the treatment of many diseases that are often
associated with and cause significant and sometimes fatal yet
preventable damage due to systemic inflammation. Under-
standing these mechanisms might also help improve treatment
of inflammation-mediated illnesses. Our results do not de-

finitively explain exact mechanisms of AZT action but rather
show some of the outcomes of AZT treatment, and thus, will
help to narrow down the future direction(s) in this research.

Vascular endothelium plays a significant role in the devel-
opment of systemic inflammation. In this study, we observed
changes in a number of parameters that reflect the systemic
inflammation and state of the immune system.

Despite observed statistical significance in the distribution
of the T cell subsets, they are rather small, and their clinical
significance should be interpreted very conservatively.

The most apparent and clinically significant finding of
this study is that AZT use leads to a decrease in the number
of neutrophils, decrease in levels of several markers of VD:
CRP, MRP8/14, NGAL, SAA, IGFBP4, and MMP9. All those
markers of systemic inflammation are well known. They are
released by the tissues as well as by the circulating and resident
leucocytes.

The role of studied markers in the pathogenesis of the VD
has been demonstrated previously [19-24]. Endothelial inflam-
mation and damage due to intravascular hemolysis result in
the activation of inflammatory cascade and release of inflam-
matory markers, leading to a vicious cycle that causes several
pathophysiological manifestations of SCD. AZT was studied
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Figure 1. Dynamics of changes in plasma levels of all studied markers of vascular damage in patients treated with azithromycin
(AZT) and placebo control (CTRL) groups. Data were analyzed with mixed-model repeated measures analysis of variance (ANO-
VA) and presented as a percent difference between PRE and POST intervals. MRP: myeloid-related protein; NGAL: lipocalin A;
MMP: matrix metalloproteinase; IGFBP: insulin-like growth factor-binding protein; OPN: osteopontin; MPO: myeloperoxidase;
SAA: serum amyloid A; ICAM: intercellular adhesion molecule; VCAM: vascular cell adhesion molecule; Cyst: cystatin.
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Figure 2. Dynamics of changes in plasma levels of specific markers of vascular damage that revealed statistical significance
in patients treated with azithromycin (AZT) and placebo control (CTRL) groups. Data was analyzed with mixed-model repeated
measures analysis of variance (ANOVA) followed by the pairwise multiple comparison procedures (Holm-Sidak method). *Statis-
tical significance between PRE and POST intervals. MRP: myeloid-related protein; NGAL: lipocalin A; MMP: matrix metallopro-
teinase; IGFBP: insulin-like growth factor-binding protein; SAA: serum amyloid A.

in context of studying its effect on mitigating this specific
mechanism of endothelial and white blood cell inflammatory
response. In SCD patients, hemolysis that is associated with
hypoxia from the vaso-occlusions may lead to the necrosis
and to exposure of the damage-associated molecular patterns
(DAMPs) of damaged tissue to the resident phagocytes, which
would initiate the tissue repair and wound healing. However,
and more importantly, the same damaged tissue will be ex-
posed to the local commensal microbiota. If pathogenic agent
is present and/or the immune system is compromised, such
damaged tissue presents an opening for the pathogen to spread
locally, and in the worst-case scenario, systemically, which
may cause bacteremia/fungemia and even sepsis.

Invasion of the pathogen(s) activates local inflammatory
response, which leads to secretion of the proinflammatory
cytokines such as tumor necrosis factor alpha (TNFa), inter-
leukin 1 beta (IL1pB), IL6, and chemokines (e.g., CXC motif
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chemokine ligand 8 (CXCLS)) for consequent recruitment of
neutrophils and then monocytes/macrophages to the site of in-
fection. The very same proinflammatory cytokines TNFa and
IL1B were shown to stimulate release of IGFBP4 from the lung
fibroblasts in animal model [25]. Its elevated level was also
registered in patients with inflammatory bowel disease, and
commonly managed by corticosteroids and infliximab [26].
Similarly, a TNFa-induced increase in MMP9 was demon-
strated [27, 28]. The critical role of MMP9 in VD was well
shown as well. Wilson et al reported elevated levels of MMP1
and MMP?9 in plasma in patients with ruptured abdominal aor-
tic aneurysm (AAA). Also, they demonstrated that an elevated
level of MMP9 correlated with non-survival from the rupture
surgery. Authors concluded that elevated MMP9 may be con-
sidered as a survival predictor/indicator for AAA [29].

In our study we registered significant decrease of these
inflammatory mediators/markers following use of the AZT.
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Figure 3. Percentage of the patients in azithromycin (AZT) and pla-
cebo control (CTRL) groups whose plasma level decreased at POST
interval compared to PRE. Data were analyzed with x2 test with Yates
correction for continuity. MRP: myeloid-related protein; NGAL: lipocalin
A; MMP: matrix metalloproteinase; IGFBP: insulin-like growth factor-
binding protein; OPN: osteopontin; MPO: myeloperoxidase; SAA: se-
rum amyloid A; ICAM: intercellular adhesion molecule; VCAM: vascular
cell adhesion molecule; Cyst: cystatin.

Another studied marker, MRP8&/14, the decrease of which
we observed following AZT treatment in our study is produced
by activated phagocytes, and its pro-inflammatory role in the in-
nate and adaptive inflammation has been shown [30-38].

Further, both CRP and SAA were identified as reliable
markers of early onset of vaso-occlusive crisis or even within
the prodromal phase of SCD [39]. Tumblin et al reported that
an increase in the circulating level of SAA was registered dur-
ing acute painful episodes, especially among patients with
marked end-organ impairment [40]. It is important to note that
an elevated level of SAA was observed in SCD patients who
had pulmonary arterial hypertension, which is one of the most
significant complications and comorbidity factors of SCD
[41]. Later, both CRP and SAA were evaluated as markers of
inflammation among patients with different types of viral and
bacterial infections, including bacterial pneumonia and severe
bacterial sepsis. Lannergard et al showed that an increase in
the plasma of both markers are well correlated with both vi-
ral and bacterial infections, and that SAA is a more sensitive
marker of systemic infection and can be used as a marker of
inflammation in a number of viral infections [42].
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In 2005, Yip et al saw elevated levels of SAA in the serum
of patients with severe acute respiratory syndrome coronavirus
(SARS-CoV). Furthermore, authors showed that concentration
of SAA was highly correlated with the progression of infec-
tion among four patients, whereas a decrease in the circulating
level of SAA was associated with progressive recovery. On the
other side of the spectrum, a patient had an elevated level of
SAA and a high radiographic score. The patient’s SAA level
continued to rise over the course of the treatment. An increase
in the SAA was parallel to the increase in the occurrence of
opportunistic (e.g., Candida sp., cytomegalovirus (CMV),
methicillin-resistant Staphylococcus aureus (MRSA)) infec-
tions. While subsequent use of antibiotics decreased the level
of SAA, its level and radiographic score remained high until
the patient’s demise [43].

Even without systemic spread of the pathogen, local foci
of inflammation and necrosis may lead to the development
of conditions such as disseminated intravascular coagulation
(DIC) and progress to further tissue damage due to tissue hy-
poxia. Such connection is well known and has been described
previously [44]. DIC of different severity among the SCD pa-
tients is one of the most significant outcomes of the vascular
occlusions [45-47]. Another pathological outcome of such in-
flammation is ACS, which is the leading cause of morbidity
and mortality for patients with SCD [48].

The danger of the development of such “vicious cycles”
is apparent, as without tight control by the endogenous (im-
mune system) or/and exogenous (pharmacological interven-
tion) mechanisms, they may lead to a chronic inflammation,
and if not treated, to a condition known as “cytokine storm”.
The clinical importance and outcomes of such condition can-
not be overstated as it may lead to many life-threatening states
due to multiple organ failure.

Current dataset cannot conclusively explain underlying
mechanisms of decreased circulating levels of CRP, MRP&/14,
NGAL, SAA, IGFBP4, and MMP9, and role of the AZT in it.
It is unclear if: 1) AZT just helps control opportunistic patho-
gens in the damaged tissues, and thus decrease systemic in-
flammation; or 2) AZT also has anti-inflammatory properties
which protect tissues and thus, prevent spread of pathogen.

Different markers of inflammation have different half-
life and different tropism to different tissues, cellular sources,
mechanisms of action (e.g., autocrine, paracrine, and/or endo-
crine), and as a result, will be differently represented in circu-
lation. Thus, it is important to consider that this combination
of all studied parameter at the particular interval reflects rather
a “snap shot” of quite plastic process, especially among the
patients with a number of various comorbidity factors. That
suggests that observed changes likely reflect stable immune
state of decreased systemic inflammation, and thus have pro-
spective clinical significance to the management of SCD or
other systemic inflammatory conditions where damage to the
vascular beds may occur.

Our observations and known antibacterial and antiviral
properties of AZT have potential to reevaluate its clinical use
to mitigate inflammatory reactions, alongside a modest protec-
tion from the opportunistic infections.

One of the limitations of this study is the patient compli-
ance. Of the 23 patients, only 17 (about 74% of all subjects)
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successfully completed the study. Drop-off was due to non-
compliance of follow-up/medication intake, hospitalizations
and transfusions for SCD complications. Previously, Rohan et
al showed that compliance in pediatric patients with chronic
diseases such as cancer could be as low as 40.8% [49], and
could be the result of many objective (e.g., age) [50], as well
as socioeconomic factors [51]. In this study, we attempted to
monitor compliance of the subjects by evaluating the plasma
level of AZT at the POST intervals. Data were analyzed after
completion of the study to maintain double-blind status. How-
ever, due to a combination of several factors such as the phar-
macokinetics of AZT (which predominantly accumulates in
the tissues, where only a very small amount (about 1%) leaks
into the serum) [52, 53], its short (11 - 14 h) plasma half-life,
and time between last administration of the drug and the pa-
tients’ visits when samples were collected, it appears that such
an approach was not sufficient to adequately monitor compli-
ance of the subjects.

Conclusions

As we acknowledged above, underlying cellular and molecu-
lar mechanisms of our observations should be studied further
in details. However, data suggest that anti-inflammatory out-
comes associated with use of AZT may have clinical impor-
tance in the treatment, and perhaps prevention, of the con-
ditions that may potentially lead to inflammatory “vicious
cycles”, and that AZT could be considered for, at least, the
co-treatment of many pathological conditions where other
anti-inflammatory agents may interfere with adequate host
response.

Supplementary Material

Suppl 1. Demographic data of the subjects.
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