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Abstract

Introduction: Illicit substance use and HIV infection cause haematological derangements. Anaemia characterized by a
reduction in the quality and quantity erythrocytes is the most common disorder in both HIV-positive persons and illicit
substance users.

Objective: To describe anaemia burden, types, and its association with HIV in injectable substance users in Mombasa,
Kenya.

Methods: This descriptive case-control study evaluated red cell indices and morphology in 494 adults. The primary out-
come was anaemia. The association of anaemia with HIV in injection substance users was determined using the chi-square
test.

Results: The participants included 275 injection substance users (ISU), (HIV-positive, n=62 and HIV-negative, n=213); and
219 non-injection substance users (nonlSU), (HIV-positive, n=33 and HIV-negative, n=186). Overall, 49% were anaemic
with anaemia burden significantly differing across the groups, X2(3, N=494) =12.1, p=0.0070. Anaemia burden was higher
in HIV-positive ISU compared to HIV-negative ISU (odds ratio (OR) = 1.59, 95% confidence interval (Cl): 0.85, 2.96); and
HIV-positive nonISU compared to HIV-negative nonlSU (OR = 0.37, 95% confidence interval (CI): 0.17, 0.79). Most of
the anaemia was dimorphic in both HIV-positive (ISU, 67% and nonlSU, 52%) and HIV-negative (ISU, 43% and nonISU,
55%) participants.

Conclusion: Infection with HIV is associated with increased risk of anaemia in injectable and non-injectable substance us-
ers. Majority of the anaemia was dimorphic suggestive of multiple aetiologies. Establishing the related aetiologies is essential
for the effective treatment of anaemia. The accurate evaluation of thin blood films remains an essential tool in diagnosing
an array of haematologic disorders and as a reference for further tests and patient management.
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ciated with life-threatening medical conditions such
as anaemia, substance dependence and blood-borne
infections such as the human immunodeficiency virus
(HIV), the hep- atitis B virus (HBV) and the hepati-
tis C virus (HCV)*#-" In 2018, the UNODC teported
that 450,000 deaths in 2015 were directly attributable to
substance use’. Illic- it substance use is also implicated
in the soaring HIV burden and HIV disease progres-
sion®. Statistics from the UNODC in 2018 showed that
12.5% of illicit in- jection substance users were positive
with HIV by the end of 2017". In addition, HIV trans-
mission rates are higher in illicit substance users com-
pared to the gener- al population®. Furthermore, people
who inject drugs (PWID) constitute 30% of new HIV
infections in the world”"". The undetlying factors in-
fluencing the HIV burden include sharing hypodermic
needles, flashing blood and  high-risk sexual practices
amongst substance users1''.

Illicit substance use and HIV infection are implicated
in hematologic derangements'’. Anaemia is the most
frequent hematologic manifestation in both the HIV
positive”” and illicit substance users'. Whereas studies
implicate anaemia as the prevalent hematologic disor-
der, little is known about the burden and types of anae-
mia in injectable substance users. Anaemia in HIV-pos-
itive persons is life threatening as it is associated with
enhanced HIV disease progression and increased mor-
tality and morbidity*. Substance use is also associated
with haematological derangements including anaemia.
Some of the interventions undertaken to manage and
treat anaemia have yielded little or no results even af-
ter prolonged management/treatment’*2. This neces-
sitated the need to understand the types of anaemia
for effective management and treatment. The World
Health Organization (WHO) laboratory guidelines rec-
ommend the establishment of haemoglobin concentra-
tion and the evaluation of use of complete blood count
(CBC) in diagnosing anaemia'. This method is prone
to bias as the blood parameters are altered with varia-
tions in plasma volume without changes in the erythro-
cyte mass'’, as well as the body’s ability to compensate
for blood loss during the onset of anaemia'’. Moreovert,
CBC does not amply reveal the morphological changes
in blood cells, which are important in elucidating prima-
ry and secondary blood disorders and their pathophysi-
ology. To overcome these drawbacks, we combined the
CBC and the microscopic examination of thin blood
films to adequately diagnose and characterize anaemia
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in HIV infected injection and non-injection substance
users.

Materials and methods Study design and study site
This descriptive clinical case-control study was con-
ducted as part of a wider study investigating the so-
cio-demographic, nutritional and microbiologic deter-
minants of HIV infections among injection substance
users in Mombasa County''. Further information about
the study area has been previously published'®.

Study population

The study population comprised of 494 adults (males,
n=329 and females, n=165) aged between 18 and 65
years. The study subjects were grouped as follows: 1)
HIV-positive injection substance users (HIV+ISU,
n=062); 2) HIV-negative injection substance users (HIV-
ISU, n=213); 3) HIV-positive non-injection substance
users (HIV + nonISU, n=33) and 4) HIV-negative
non-injection substance users (HIV-nonISU). Injection
substance users were individuals having visible needle
scars and having reported using an injection substance
at least once in the previous month. Participants were
classified as either HIV-seropositive (cases) or HIV-se-
ronegative (controls) using the DetermineTM HIV test
kit. All the HIV-positive participants recruited into this
study had not been previously initiated to antiretroviral
therapy. A detailed description of the sampling tech-
niques and study population have been published'’.

Ethical considerations

Ethical approvals for the study were obtained from the
Kenyatta University (Protocol KU/R/COMM/51/32-
4) and the Masinde Muliro University of Science and
Technology (Protocol MMU/COR: 403012-vol2[8])
institutional review board (IRB). All the respondents
were exhaustively educated as per the internationally
recommended guidelines" and written informed con-
sent obtained prior to enrolment.

Collection of blood samples

Venous blood samples were collected from the free-
ly consenting participants by a certified phlebotomist
using a Vacutainer assembly into 5ml EDTA vacutain-
erTM tubes (BD, Franklin Lakes, USA). Blood was col-
lected between 8.00am and 10.00am to obtain strictly
comparable values and control for diurnal variations
in blood parameters®. All laboratory tests wete pet-
formed within the hour of sample collection to main-
tain sample integrity.
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Experimental procedures Erythrocyte indices
Complete Blood Counts (CBC) were obtained using
the quantitative BC-3200 Mindray auto-haematolo-
gy analyser (MindrayTM Inc., Mahwah, USA) as out-
lined in the Centres for Disease Control guidelines®.
The erythrocyte indices: 1) red blood cell count (RBC,
x1012/L); 2) haemoglobin concentration (Hb, g/dL);
3) haematocrit (HCT, %); 4) mean corpuscular volume
(MCV, fL); 5) mean corpuscular haemoglobin (MCH,
pg); 6) mean corpuscular haemoglobin concentration
(MCHC, g/dL); and 7) the red cell distribution width
(RDW, %) were recorded. The RBC, HB and HCT
were used to determine the severity of anaemia. MCV,
MCH, MCHC, RDW together with findings from the
examination of peripheral blood films for red cell mor-
phology were used to type the anaemia.

Preparation and examination of thin blood film
(BF) for red cell morphology

Duplicate thin blood films were made on new micro-
scope slides (Thermo-ScientificTM) to prevent cell ag-
gregation and stain precipitation. The prepared films
were Leishman stained™. Briefly, the freshly prepared
blood films were thoroughly air-dried and fixed in ab-
solute methanol for 2 minutes. Afterwards, the blood
films were flooded with undiluted Leishman stain for
a few seconds. The stain was then diluted with buff-
ered water (pH. 6.8) and left to stand for 10 minutes
for differentiation. The stained blood films were then
washed off under a gentle stream of running tap wa-
ter to remove excess stain. The back of the slide was
wiped, and the blood films placed standing on a drain-
ing rack to dry. Once dried, two independent blinded
hematologists assessed the blood films for erythrocyte
morphology and recorded their findings on a standard
RBC morphology form.

Slides with extreme variations in the results of the two
haematologists were re-read by a third independent
haematologist. Ten per cent (n=50) of the read slides
were randomly selected and the results confirmed by a
pathologist.

Assessing anaemia Anaemia burden

Anaemia was defined as haemoglobin (Hb) concen-
tration less than 13.0g/dL and 12.0g/dL in males and
females, respectively””. The burden of anaemia was
defined as the ratio of the occurrences of anaemia to
the number of sampled individuals within each study

group.

Anaemia severity
Anaemia severity was classified based on haemoglobin
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concentration according to the world health organiza
tion (WHO) guidelines: mild anaemia (Hb11.0- 12.9g/
dL and Hb 110-11.9¢g/dL in males and females respec-
tively), moderate anaemia (Hb 8.0-10.9g/dL) and se-
vere anaemia (Hb<8.0g/dL)".

Anaemia types

The cytometric classification of anaemia was conduct-
ed using erythrocyte indices (MCV, MCHC and MCH)
and erythrocyte morphology (e.g.,, pigmentation, pen-
cil cells, poikilocytosis, spherocytosis etc). For exam-
ple, macrocytic anaemia, (MCV>1001l); microcytic
anaemia, (MCV<80fl); normocytic anaemia, (MCV
80f1-10011); hyperchromic anaemia, (MCHC>36g/dL);
hypochromic anaemia, (MCHC<31g/dL) and normo
chromic anaemia, (MCHC 31g/dL-36g/dL)*. These
classifications were confirmed to be consistent with
Leishman-stained blood film readings. Erythrocyte
morphologies associated with anaemia were catego-
rized as follows:

Dimorphic anaemia: Prescence of dimorphic eryth-
rocytes i.e., observation of an admixture of erythrocyte
populations in the blood smear (e.g. hypochromic mi-
crocytes with either normochromic normocytes or hy-
pochromic/normochromic macrocytes)** with double
peaks in the red blood cell distribution graph® as as-
sociated with combined iron deficiency and nutritional
macrocytic anaemia.

Anaemia of inflammation: Prescence of rouleaux,
tear-drop cells and poikilocytes in the blood smear and
normal RDW (11.6-13.4%) with either 1) normal (80-
100fl) or reduced (<80fl) MCV; 2) normal (25-33pg)
or reduced MCH (<25pg); and 3) normal (31-36g/dL)
or reduced MCHC (<31g/dL); as presented in patients

with anaemia of inflammation??’.

Anaemia of vitamin deficiency: Prescence of hypo-pig-
mented microcytes with narrow-elongated erythrocytes
(pencil cells, reduced MCHC (<31g/dl), reduced MCV
(<80fl), elevated RDW (>13.4%) as observed in iron
deficiency anaemia®.

Secondly, presence of oval-macrocytes, megaloblasts,
poikilocytosis and neutrophil hyper-segmentation in
blood smears with elevated MCV (>110f) and RDW
(>13.4%) in CBC profiles as observed in patients with
confirmed vitamin B12 / folate deficiency anaemia®.

Haemolytic anaemia: Prescence of schistocytes, ba-
sophilic stippling, nucleated erythrocytes, spherocyto-
sis, reticulocytosis, polychromasia with half-ghost cells

African Health Sciences, Vol 22 Issue 1, March, 2022



and erythrocytes with “bitten out” margins, and sick-
le cells in the blood smear’. Additionally, we assessed
the full blood count for reduced MCV (<80fl), nor-
mal MCV (80-1001]), raised MCH (>33pg) and MCHC
(>36g/dL) as seen in haemolytic anaemia®. Extensive
spherocytosis with reduced MCV and elevated MCH
was used as a marker of autoimmune haemolytic anae-
mia while extensive schistocytosis with normal MCV
was used as a marker of microangiopathic haemolytic
anaemia.

Body mass index (BMI)

Anthropometric measures were obtained from each
study participants at enrolment as per the Centres of
Disease Control guidelines”. Height (m) was meas-
ured to the nearest 0.1 cm using the Health-o-meter
PORTROD wall mounted height rod (Health O me-
ter®, McCook, USA). Study participants were weighed
in kilograms (kg) using a portable digital weight scale
(Rich forth Electronics Co., Fuzhou, China). The BMI
was calculated using the height and weight measure-
ments of the study participants using the formula:

Weight(Kg)
BMI(Kg/m®) = o htm)

BMI < 18.5 was classified as underweight.

Statistical analysis

Statistical analyses were conducted in GraphPad Prism
Version 6.01 (©2012GraphPad Software, Inc.). We
used Chi-square test to determine the association be-
tween anaemia and HIV infection in injectable and
non-injectable substance users. The continuous varia-
bles such as weight and height were compared across
the groups using a one-way ANOVA test. Erythrocyte
measures were compared using non-parametric ANO-
VA (Kruskal-Wallis Test) followed by Dunn’s post-hoc
corrections for multiple comparisons to control for the
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overall type-I error. All tests were two-tailed and p val-
ues <0.05 was considered statistically significant.

Results

Baseline characteristics

The baseline characteristics of the study participants
are presented in Table 1. A total of 494 adults (males,
n=329 and females, n=165) were recruited into the
study. The number of participants that were substance
users significantly differed by gender, X2 (3, N =
494)=120.4, p <0.0001. One-way analysis of variance
showed that the effect of age was not significant across
the study groups I (3, 490) =2.551, p=0.055.

Participant’s height (m) and differed across the study
groups I (3, 490) =10.22, p<0.0001). Similarly, weight
(kg) also differed across the groups F (3,490) = 9.39,
p<0.0001 being higher in HIV-ISU compared to
HIV+nonISU (p<0.0025), HIV-ISU (p<0.0001) and
HIV+ISU (p<0.0001). Evaluation of the BMI showed
that 32% of the HIV+ISU were underweight com-
pared to 47% of the HIV-ISU X2 (1, N = 275) =4.5,
p =0.0343. However, 49% of the HIV+nonlISU were
underweight compared to 23% of the HIV-nonISU X2
(1, N = 219) =9.7, p <0.0019.

Approximately 73% of HIV+ISU reported to have
used injectable substances for more than a year
compared to 67% HIV-ISU X2 (1, N = 275)
=0.7,p=0.4172. Amongst the non-injectable substance
users, 21% HIV + non ISU and 22% HIV-non ISU re-
ported to have used substances for more than year X2
(1, N = 58)=1.4, p =0.2404.

Assessment of the frequency of substance use showed
that 79% of HIV+ISU reported to use the substances
more than once daily compared to 94% of HIV-ISU
X2 (1, N = 275) =13.7, p =0.0002. In contrast, 21% of
HIV+nonISU and 26% of HIV-nonISU reported to
have used the substances more than one daily X2 (1, N
=70) =0.5, p =0.4755.
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Table 1: Age, height, and weight of the study

participants
Non-Injection
Substance Users Injection Substance Users
HIV-nonISU, HIV+nonISU, HIV-ISU, HIV+ISU,
Characteristics n=186 n=33 n=213 n=62 p-Value
" Gender, n (%) '
Females 103 (55) 17(52) 14(7) 31(50) <0.0001
Males 83 (45) 16 (49) 199 (93) 31(50)
Demographic, M(IQR)
Age, yrs. 31.2(11.9) 34.2 (14.7) 31.7(9.1) 30.6 (6.3) 0.055
Height (meters) 1.6 7(0.11) 1.67 (0.13) 1.71 (0.09) 1.69 (0.14) <0.0001
Weight (kg) 61 (12.3) 52 (14.0) 54 (9.0) 54 (8.5) <0.0001
BMI<18.5, n (%) 42 (23) 16 (49) 101 (47) 20 (32)
BMI>18.5, n (%) 144 (77) 17 (51) 112 (53) 42 (68)
Duration of use
>1 year, n (%) 41 (22) 7 (21) 143 (67) 45 (73)
<I year, n (%) 7 (4) 309 70 (33) 17 27)
Frequency of use
>1 daily, n (%) 48 (26) 7 (21) 201 (94) 49 (79.0)
<1 daily, n (%) 12 (7) 3(9) 12 (6) 13 (21.0)

Dataare presented as number (n) and proportion (%) of
subjects for gender, BMI, duration, and frequency of
substanceuse. Age, height,and weight are presented as
median (interquartile range, IQR). IQR=the difference
between the 75" and 25"quartile. Gender was compared
across the study groups using the Chi-square test while
demographic data analysed using one-way ANOVA.
Significant p-values are in bold. HIV+ISU+, HIV-
positive injection substance users; HIV-ISU+, HIV-
negative, injection substance users; HIV+ISU-, HIV-
positive non-injection substance users; HIV-ISU-, HIV-
negative non-injection substance users.

Erythrocyte measures in substance users
Erythrocyte measurements are summarized in Table 2.
The median RBC counts significantly differed across
the groups H (3,490) =4.9, p=0.0029. Post hoc analy-
ses using the Dunn’s multiple comparisons test showed
that the medial RBC count was higher amongst the
HIV-ISU compared to the HIV+ISU (p=0.4062).
Similarly, HIV-nonISU exhibited elevated RBC counts
compared to the HIV+nonISU (p=0.1793). Signifi-
cantly high RBC counts was observed amongst HIV-
ISU compared to HIV+nonlISU (p=0.0047).

The medial haemoglobin concentrations were differ-
ing across the study groups H (3,490) =8.6, p=0.0002.
Dunn’s multiple comparisons test showed that hae-
moglobin concentration was higher in HIV-nonISU
compared to HIV+nonISU (p=0.0001). Addition-
ally, HIV+nonISU exhibited significantly lower hae-
moglobin concentration compared to the HIV-ISU
(p=0.0035). However, no significant changes in the
medial haemoglobin concentration were observed
amongst the HIV-ISU and HIV+ISU (p>0.9999).
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The MCV and MCH did not significantly vary across
the study groups. The MCHC however, differed across
the study groups (p<<0.0001) being lower in HIV-ISU
comparative to HIV-nonISU (p<0.0001). The RDW
varied across the study groups (p=0.0024) with in-
creased anisocytosis observed in HIV-nonISU com-
pared to HIV-ISU (p=0.0020).

Anaemia burden and severity

The burden and severity of anaemia are presented in
Table 2. Overall, 49% of the participants were anae-
mic with anaemia burden significantly differing across
the groups, X2 (3, N=494) =12.1, p=0.0070. Anae-
mia burden was higher in HIV+nonISU compared to
HIV-nonlISU (odds ratio (OR) = 0.37, 95% confidence
interval (CI): 0.17-0.79, p=0.0091). Likewise, the bur-
den of anaemia was higher amongst HIV+ISU com-
pared to HIV-ISU (OR = 1.59, 95% CI: 0.85-2.97,
p=0.1742) (Figure 1). Most of the anaemia was mild
(60%) and moderate (35%) (HIV+ISU, 56.7% and
40%, and HIV-nonISU, 33% and 52.4%; HIV-ISU,
66.7% and 32.5%, and HIV-nonISU, 63% and 28.8%),
respectively.
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Table 2. Erythrocyte indices and anaemia

Non-Injection Substance Users

HIV positive non-injection

InjectiubSishstansers; HIV-nonISU,
HI¥érsegative non-injection

Characteristics

HIV-nonISU,

n=186

HIV+

nonlISU, n=33

HIV-ISUsubstandd Visd,
=213

1§

=62 p-value

Indices, median (IQR)
RBC, x10"/L
Hb, g/dL
MCV, fL
MCH, pg.
MCHC, g/dL
RDW, %

Anemia, n (%)
Mild
Moderate
Severe

48(0.9)
12.8(2.5)
84.9 (10.7)
27.3 (4.4)
31.9(2.7)
147 (32)
73 (39)
46 (63)
21(29)
6(8)

40(1.2)
11.6 (3.3)
86.1 (17.3)
27.6 (6.2)
31.5(4.2)
13.9 (2.9)
21 (64)
7(33)
11(52)
3(14)

49(0.8)
12,6 (2.3)
85.2 (8.9)
264 (3.7)
30.7 (3.0)
13.5(2.3)
120 (56)
80 (67)
39 (33)
1()

47(0.7)
12.5(1.8)
85.9 (9.5)
27.0 (4.4)
313(2.7)
14.0 (3.0)
30 (48)
17 (57)
12 (40)
103)

0.0029
<0.0002
0.0726
0.1810
<0.0001
0.0036
0.0023

Data are presented as median (interquartile range, IQR)

for erythrocyte indices; and quantity (n) and proportion

(%) for anaemia. HIV+ISU, HIV positive injection
substance users; HIV-ISU, HIV negative, injection

substance users; HIV+nonISU, HIV positive non-injection
substance users; HIV-nonISU, HIV negative non-injection
substance users; RBC, red blood cell; HB, Haemoglobin;
MCYV, mean corpuscular volume; MCH, mean corpuscular
haemoglobin; MCHC, mean corpuscular haemoglobin
concentration; RDW, red cell distribution width. Mild anaemia
(Hb11.0-12.9g/dLand Hb110-11.9g/dLinmalesand females
respectively); Moderate anaemia (Hb8.0-10.9¢/dL) and
Severeanaemia (Hb<8.0g/dL)(WHO,2011). IQR=the
differencebetweenthe 75" quartileand the 25 quartile. Indices
were comparedusing Kruskal-Wallis Test followed by Dunn’s
post-hoc corrections for multiple comparisons. Anaemia was
assessed using the Chi-square test. All tests were two-tailed and
p values <0.05 considered statistically significant.

X1, Me2rh] =2 2, pe(1 1414

Ll
b n

Odds Ratios (OR)
P
-

il
x
E

HIV+ESU vs WIVISL
Study Groups
YT M=404] <12 1, p=0 00

I mmn

Figure 1: Chi-square test for
the association between
anaemia and HIV in substance
users. HIV+ISU, HIV positive
injectionsubstance users; HIV-
ISU, HIV negative, injection
substance users; HIV+nonISU,
HIV positive non-injection
substance users; HIV-nonISU,
HIV negative non-injection
substance users.
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Anaemia types

The most prevalent types of anaemia were hypochro-
mic (54.6%) and normochromic (43.8%) anaemia:
(HIV-positive ISU, 50% and 46.7%; and nonISU,
61.9% and 38.1%; HIV-negative ISU, 63.3% and 35%,

and nonISU 39.7% and 60.3%). Hyperchromic anae-
mia (1.5%) was less common manifesting amongst the
HIV+ISU (3.3%) and the HIV-ISU (1.7%). Morpho-
logically, normocytes (66.5%) were the most prevalent
followed by microcytes (31.5%) and macrocytes (1.9%).
This is summarized in Table 3.

Table 3: Erythrocyte morphology of the anaemic

individuals

Non-Injection

Substance Users Injection Substance Users
" HIV-nonISU, HIV+nonISU,  HIV-ISU, HIV+ISU, Total,
" Morphology, n (%) =73 n=21 n=120  n=30  n=244
Erythrocyte size
Normocytes 41 (56.2) 11 (52.4) 91 (75.8) 19 (63.3) 173 (66.5)
Microcytes 32 (43.8) 8(38.1) 28 (23.3) 9(30.0) 82 (31.5)
Macrocytes 0(0.0) 2(9.5) 1(0.8) 2(6.7) 5(1.9)
Hypochromic erythrocytes 29 (39.7) 13 (61.9) 76 (63.3) 15 (50.0) 142 (54.6)
Normocytes 14 (19.2) 4(19.0) 56 (46.7) 9 (30.0) 88 (62.0)
Microcytes 15(20.5) 7(33.3) 20 (16.7) 4(13.3) 50 (35.2)
Macrocytes 0(0.0) 2(9.5) 0(0.0) 2(6.7) 4(2.8)
Normochromic erythrocytes 44 (60.3) 8(38.1) 42 (35.0) 14 (46.7) 114 (43.8)
Normocytes 27 (37.0) 7(33.3) 33(27.5) 9(30.0) 81 (71.1)
Microcytes 17 (23.3) 1(4.8) 8(6.7) 5(16.7) 32(28.1)
Macrocytes 0(0.0) 0(0.0) 1(0.8) 0(0.0) 1(0.8)
Hyperchromic erythrocytes 0(0.0) 0(0.0) 2(1.7) 13.3) 4 (1.5)
Normocytes 0(0.0) 0(0.0) 2(1.7) 1(3.3) 4(100.0)

Data are presented as numbers (n) and proportions (%) for
erythrocyte morphology. Hypochromic (MCHC<31g/dL);
normochromic (MCHC 31g/dL-36g/dL); hyperchromic
(MCHC>36g/dL);

normocyte(MCV 80fl-100f1); microcyte (MCV<80fl);
macrocyte(MCV>100fl); HIV+ISU, HIV-positive injection
substanceusers; HIV-ISU, HIV-negative, injection substance
users;

HIV+nonISU, HIV-positive non-injection substance
users; HIV-nonISU, HIV-negative non-injection substance
users.

The combined evaluation of the thin blood films and
complete blood counts are as summarized in Table 4.
The number of participants that were anaemic across
the study groups did not differ by erythrocyte charac-
terization, X2 (9, N=244) =13.23, p=0.1523.

Dimorphic anaemia was the most prevalent across all
the study groups. The most common type of dimorphic

Table 4: Cytometric classification of anaemia

Non-Injection substance

anaemia was characterized by hypochromic microcytes
with normochromic normocytes (HIV-positive ISU,
90% and nonISU 82%; and HIV-negative ISU, 98% and
nonlSU, 100%). Hypochromic microcytes with normo-
chromic macrocytes were observed in HIV-ISU (2%)
and HIV+nonISU (98%). Hypochromic microcytes
with hypochromic macrocytes were only observed in
HIV+ISU (10%).

Injection Substance

HIV- HIV+nonISU HIV-ISU HIV+ISU Total
nonISU n=21 n=120 n=30 n=244
Classification n=73
1). Dimorphic anaemia. 40 (55%) 11 (52%) 51 (43%) 20 (67%) (510202)
AD +HA 24 (60%) 8 (73%) 41 (80%) 14 (70%) 93 (72%)
AD+AI 14 (35%) 2 (18%) 9 (18%) 3 (15%) 29 (23%)
AD+MA 0 (0%) 1 (9%) 1 (2%) 3 (15%) 5 (4%)
HA+AI 2 (5%) 0 (0%) 0 (0%) 0 (0%) 2 (2%)
2). Anaemia of inflammation. 11 (15%) 3 (14%) 36 (30%) 5(17%) 55 (23%)
3). Anaemia due to vitamin o o o o o
deficiency. 12 (16%) 5 (24%) 16 (13%) 4 (13%) 37 (15%)
4). Haemolytic anaemia. 10 (14%) 2
(10%) 17 (14%) 1
(3%) 30 (12%)

Erythrocyte characteristics of anaemic participants. Proportions (%) have

been calculated within each group. AD- anaemia of vitamin deficiency;

Al- anaemia of inflammation; MB-megaloblastic anaemia; HA-

haemolytic anaemia; HIV+ISU, HIV-positive injection substance users;
HIV-ISU, HIV-negative, injection substance users; HIV+nonISU, HIV-
positive non-injection substance users; HIV-nonISU, HIV-negative non-

injection substance users
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Discussion

This study describes the burden and types of anaemia
in injection and non-injection substance users from
Mombasa Kenya. In Addition, a detailed characteriza-
tion of erythrocyte morphology and the association of
HIV with anaemia in injectable and non-injectable sub-
stance users are reported.

Our results show that the burden of anaemia was high-
er in the HIV-positive substance users compared to the
HIV-negative substance users. HIV-positive injection
and non-injection substance users were more likely to
suffer anaemia compared to their HIV-negative coun-
terparts. Moreover, anaemia severity was marked in
injectable substance users compared to non-injectable
substance users. Significantly low erythrocyte counts
were observed in HIV-positive non-injection substance
users compared to the HIV-negative non-injection sub-
stance users. Therefore, HIV infection coupled with
substance use exacerbates anaemia. This is likely due
to the synergistic effect of excessive oxidative stress on
cells associated with substance use and the direct induc-
tion of apoptosis on haematopoietic cells by HIV. Also,
HIV associated auto-immune reactions combined with
the impeded iron absorption in the duodenum by some
illicit substances such as alcohol and khat could be a
factor. Other studies show that HIV anti-viral antibod-
ies against the Gag fragment cross-react with erythro-
poietin 1 (EP1) resulting in impaired erythropoiesis and
the consequent manifestation of anaemia*. A study in
West Africa revealed that HIV is associated with abnor-
mal erythrocyte quantities and qualities™. HIV has been
shown to disturb the division and survival of hemato-
3637 Moreover, HIV infection of
the bone marrow stromal cells has been documented to

poietic progenitor cells

negatively influence the production of erythropoietin,
a key hormone for erythropoiesis®*®. This is consistent
with our laboratory findings where erythrocytes were
significantly reduced amongst the HIV-positive par-
ticipants. Likewise, haemoglobin levels were lower in
HIV+nonISU compared to HIV-nonISU and the HIV-
ISU. This outcome is coherent with a Ghanaian study
that reported a decline in haemoglobin concentration
as a marker of HIV-disease progression®, and folic acid
deficiency which is concomitant with jejunal pathology
in HIV-positive patients™.

Dimorphic anaemia was prevalent across all the groups
indicative of multiple aetiologies of anaemia at dif-
ferent stages of progression. Most participants re-
ported to have suffered from chronic recurrent and

African Health Sciences, Vol 22 Issue 1, March, 2022

unresolved anaemia likely due to the manifold causes
of anaemia. Erythrocyte morphology amongst these
individuals were predominantly consistent with those
seen in iron deficiency anaemia coupled with either 1)
haemolytic anaema, 2) anaemia of inflammation and 3)
vitamin B12/folate deficiency. A small proportion of
this population had a combined erythrocyte morphol-
ogy consistent with haemolytic anaemia and anaemia
of inflammation. Furthermore, anaemia of vitamin/
mineral deficiency was the third most common type
of anaemia. Substance addicts avoid meals and fast to
prolong the psychedelic effects of substances". The
participants in this study were from resource-limited
backgrounds. They primarily spend whatever money
they must to sustain their substance use habit. Conse-
quently, they have poor intake of fruits, vegetables and
animal products resulting in several vitamin deficien-
cies. Vitamins are necessary for haemoglobin synthesis
(for example vitamin B12, folate) and the absorption
of iron from the intestines (for example vitamin C)**.
Moreover, nutritional deficiency could be because of
substance-induced damage of the gastrointestinal mu-
cosa. Mal-absorption states in these groups need to be
investigated including the production and inhibition
of the intrinsic factor, and examination bone marrow
smears whch are important in differentiating real nutri-
tional deficiencies from impaired nutrient absorption/
utilization.

Anaemia of inflammation was the second most preva-
lent type of anaemia. Substance use has been shown to
trigger the inflammatory responses. For example, khat
and alcohol use are associated with intestinal lesions
that promote gastritis”*. This intestinal inflammation
is likely to cause the liver to secrete more of the hor-
mone hepcidin which inhibits the body from utilizing
stored iron (ferritin) and reduces iron absorption in the
duodenum®.

Haemolytic anaemia was the least frequent type of
anaemia. Laboratory analyses showed that 13% of
the participants possibly suffered either autoimmune
haemolytic anaemia (observable spherocytosis) or mi-
croangiopathic haemolysis (observable schistocytosis).
It is likely that the observed intravascular haemolysis
was attributable to the damping effect where drug me-
tabolites are adsorbed on erythrocytes which become
antigenic resulting in their untimely splenic clearance
by drug dependent/independent antibodies and mac-
rophages*’. Normochromic anaemia is also associated
with the accelerated red blood cell turnover and sup-
pression of red blood cell production even when there
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is adequate iron intake®. Further investigations are
required to delineate heritable and acquired traits that
predispose these groups to high erythrocyte turnover.
For example, direct antiglobulin test (IDAT), urine free
haemoglobin test, urine hemosiderin test, erythrocyte
survival test, cold agglutinin titre, glucose-6-phosphate
dehydrogenase (GOPD) and sickle cell screen are re-
quired to differentiate heritable and acquired traits that
predispose these groups to high erythrocyte turnover.

Over 50% of the anaemia was hypochromic. Normo-
cytic-hypochromic and microcytic-hypochromic anae-
mia were the predominant hypochromic anaemias. A
study by Dancheck et al.,” demonstrated that not-
mocytic hypochromic anaemia in HIV-positive and
HIV-negative women was associated with the use of
illicit injection substances resulting in iron deficien-
cy®. We speculate that injection substance users suffer
chronic inflammation due to frequent skin abscesses
and vasculitis resulting in increased circulating inflam-
matory cytokines (e.g,, Tumour necrosis factor alpha
(TNFa)) that affect erythropoiesis and could contrib-
ute to microcytic hypochromic anaemia®~'. Normocyt-
ic normochromic anaemia is associated with chronic
inflammation, erythrocyte annihilation and the deser-
tion of erythrocyte precursors in the bone marrow™.
HIV disease progression has been associated with the
desertion of erythrocyte precursors in the bone mar-
row>**. Substance use has been shown to activate the
inflammatory response. For example, khat and alcohol
use have been documented to cause intestinal lesions
leading to gastritis®*. This intestinal inflammation is
likely to cause the liver to secrete more of the hormone
hepcidin which inhibits the body from utilizing stored
iron (ferritin) and reducing iron absorption in the duo-

4 Tt would be of interest to evaluate markers of

denum
inflammation such as the C-reactive protein (CRP) and

procalcitonin (PCT) in these groups.

One potential limitation of this study is in its design.
A longitudinal survey would be more informative in
assessing the association and development of anaemia
with other factors such as the duration, frequency and
type of substance used. However, this limitation does
not significantly impact our findings as the outcome
would possibly be similar. Second, invitro cultures for
erythropoiesis with physiological concentrations of the
substances used would be informative in evaluating the
specific erythropoietic pathways affected. Third, con-
ducting reticulocyte counts would have given a more
detailed evaluation of anaemia in the study population.
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However, we opted to analyse RBC histograms which
are faster and as informative as the manual reticulo-
cyte count. Toxicological analyses would be of value in
correlating the concentration of substance metabolites
in body fluids to the severity of anaemia. Finally, bio-
chemical investigations such as iron, vitamin B12 and
folate studies would be critical in distinguishing nutri-
tional deficiencies due to intake and/or bioavailability.
Investigating indirect bilirubin levels and haemoglobi-
nuria would have added important information in char-
acterizing haemolysis.

This study provides a detailed description of erythro-
cyte changes associated with anaemia in HIV-positive
and HIV-negative injectable substance users. This in-
formation is valuable for the effectual clinical treatment
and management of anaemia, more so in these groups
who suffer from unresolved and recurrent episodes of
anaemia despite of commencing treatment. The early
and accurate diagnosis of dimorphic anaemia is im-
portant such that treatment may be effective amongst
injection substance users. Thus, it is desirable that the
clinico-haematological diagnosis of anaemia be accom-
panied by the critical evaluation of erythrocyte mor-
phology on thin blood smears. Current practices in the
diagnosis of anaemia rely majorly on the estimation
of haemoglobin concentration which alone is inade-
quate to accurately identify dimorphic and other types
of anaemia with adverse consequences on the choice
of method for anaemia treatment and management.
Therefore, regardless of the technological advance-
ment in medical diagnostics, the accurate evaluation of
thin blood films remains an essential tool in diagnosing
an array of haematologic disorders and a reference for
further tests and patient management.

Conclusion and Recommendations

Infection with HIV is associated with increased risk of
anaemia in injectable and non-injectable substance us-
ers. Majority of the anaemia was dimorphic suggestive
of multiple aetiologies. Establishing the respective ae-
tiologies is essential for the effective management of
anaemia in illicit substance users. The accurate evalu-
ation of thin blood films remains an essential tool in
diagnosing an array of haematologic disorders and as
a reference for further tests and patient management.

Acknowledgements

We thank the study participants for making this study
possible. We are grateful to the management and staff
of the Bomu Hospital for their support during the
study.

African Health Sciences, Vol 22 Issue 1, March, 2022



Funding

This study was supported, in part, by the Kenya Nation-
al Commission for Science, Technology and Innovation
[NCST/5/003/065] and Partnership for Innovative
Medical Education in Kenya (NIH 1R24TWO008889)
grants to TW and VB.

Data statement
All additional files and supporting data are availa-
ble from the Fig share database: DOIL: 10.6084/m9.
figshare. 7145870

Authors Contribution

“TW and VB designed the study”, “EMK, TW and VB
conducted data collection and laboratory studies”, “T'W
and EMK, data analysis, interpretation and co-drafted
the manuscript”; “DHM critically revised the manu-
script for important intellectual content”.

Declarations of interest
None.

References

1. UNODC UNO on D and C. Global Overview of
Drug Demand and Supply: Latest trends, cross-cutting
issues [Internet]. Booklet 2. Vienna, Austria: United
Nations; 2018. 1-64 p. Available from: https://www.
unodc.org/wdr2018

2. UNODC UNO on D and C. Drugs and Age: Drugs
and Associated Issues Among Young People and Old-
er People [Internet]. Vienna, Austria: United Nations;
2018. 1-62 p. Available from: https://www.unodc.org/
wdr2018

3. UNODC UNO on D and C. Executive Summary,
Conclusions and Policy Implications [Internet|. Book-
let 1. Vienna, Austria: United Nations; 2018. 1-34 p.
Available from: https://www.unodc.org/wdr2018

4., UNODC UNO on D and C. International Stand-
ards for the Treatment of Drug Use Disorders — Draft
for Field Testing [Internet]. Vol. 01463. Vienna, Aus-
tria; 2016. Available from: https://wwwunodc.org/
documents/commissions/CND/CND_Sessions/
CND_59/ECN72016_CRP4_V1601463.pdf

5. UNODC UNO on D and C. Executive Summary,
Conclusions and Policy Implications. Booklet 1. Vien-
na, Austria: United Nations; 2018. 1-34 p.

6. NIDA NI on DA. Part 3: The Connection between
Substance Use Disorders and HIV. In: Common Co-
morbidities with Substance Use Disorders [Internet].
2018. p. 26-33. Available from: https://www.dru-
gabuse.gov/node/pdf/1155/common-comorbidi-
ties-with-substance-use-disorders

African Health Sciences, Vol 22 Issue 1, March, 2022

7. UNODC UNO on D and C. Global Overview of
Drug Demand and Supply: Latest trends, cross-cut-
ting issues. Booklet 2. Vienna, Austria: United Nations;
2018. 1-64 p.

8. Were T, Wesongah JO, Munde E, Ouma C, Kahiga
TM, Ongecha-owuor F, et al. Clinical chemistry profiles
in injection heroin users from Coastal Region, Kenya.
BMC Clin Pathol. 2014;14(1):1-9.

9. UNODC. World Drug Report [Internet]. Igarss
2014. New York; 2015. 1-5 p. Available from: www.
unodc.org

10. UNODC. World Drug Report 2014. United Na-
tions publication. 2014. Sales No. E.14.X1.7.

11. Budambula V, Matoka C, Ouma |, Ahmed AA,
Otieno MF, Were T. Socio-demographic and sexual
practices associated with HIV infection in Kenyan in-
jection and non-injection drug users. BVMIC Public Health.
2018;18(193):1-9.

12. Menezes D, Cunha G, Santis D, Crivelenti F, Amor-
im R, Zomer R, et al. Hematological particularities and
co-infections in injected drug users with AIDS. Bragi/-
lian | Infect Dis. [Internet]. 2013;7(6):654—6. Available
from: http://dx.doi.org/10.1016/.bjid.2013.03.010
13. Obirikorang C, Issahaku RG, Nii D, Osakunor M,
Osei-yeboah J. Anaemia and Iron Homeostasis in a
Cohort of HIV-Infected Patients : A Cross-Sectional
Study in Ghana. AIDS Res Treat. 2016;2016.

14. Rao K. Drug Induced hematologic Disorders. In:
Organ-Specific Function Tests and Drug-Induced Dis-
eases. McGraw-Hill Education; 2014. p. 359-74.

15. World Health Organization W. Haemoglobin con-
centrations for the diagnosis of anaemia and assess-
ment of severity [Internet]. Geneva; 2011 [cited 2021
Jul 11]. p. 1-6. (WHO/NMH/NHD/MNM/11.1).
Available from: http://wwwwho.int/vmnis/indica-
tors/haemoglobin. pdf

16. Centres for Disease Control C. Laboratory Pro-
cedure Manual: Complete Blood Count with 5-Part
Differential. Na#/ Heal Nutr Exam Surv [Internet]. 2013
[cited 2018 Jan 18];2011-2012(September 2013):1-193.
Available from: https://wwwn.cdc.gov/nchs/data/
nhanes/2011-2012/labmethods/cbc_g_met_he.pdf
17. Uthman E. Anemia: Pathophysiologic Conse-
quences, Classification and Clinical Investigation [Inter-
net]. 2018 [cited 2018 Mar 30]. p. 1-6. Available from:
http://web2.airmail.net/uthman/anemia/anemia.htm
18. Were T, Wesongah JO, Munde E, Ouma C, Ka-
higa TM, Ongecha-owuor F. Clinical chemistry pro-
files in injection heroin users from Coastal Region ,
Kenya Clinical chemistry profiles in injection heroin
users from Coastal Region, Kenya. BMC Clin Pathol.
2014;14(32):1-9.

440



19. National Institute of Health N. Protecting Human
Research Participants [Internet]. PHRP Website. 2011
[cited 2018 Apr 2]. p. 1-109. Available from: http://
phrp.nihtraining.com/

20. Sennels HP, Jorgensen HI, Hansen ALS, Goetze
JP, Fahrenkrug J. Diurnal variation of hematology pa-
rameters in healthy young males: The Bispebjerg study
of diurnal variations. Scand | Clin Lab Invest. [Internet].
2011;71(7):532—41. Available from: https://www.ncbi.
nlm.nih.gov/pubmed/21988588

21. CDC C for DC. Laboratory Procedure Manual:
Complete Blood Count with 5-Part Differential. Na#/
Heal Nutr Exam Surv. 2013;2011-2012(September
2013):1-193.

22. Marshall PN, Bentley SA, Lewis SM. An evaluation
of some commercial Romanowsky stains. | Clin Pathol.
[Internet]. 1975;28(8):680-5. Available from: http://dx-
.doi.org/10.1136/jcp.28.8.680

23. Sarma R. Red Cell Indices. In: HK W, WD H, JW
H, editors. Clinical Methods: The History, Physical, and
Laboratory Examinations 3* edition [Internet]. 3* Edi-
tio. Boston USA: Butterworths; 1990. p. 720-3. Avail-
able from: https://www.ncbi.nlm.nih.gov/books/
NBK260/

24. Garg P, Dey B, Deshpande AH, Bharti JN, Nigam
JS. Clinico hematological Profile of Dimorphic Ane-
mia. | Appl Hematol. 2017;8:123—4 PubMed .

25. Garg P, Dey B, Deshpande AH, Bharti, Jyots-
na Naresh Nigam JS. Clinico-hematological pro-
file of dimorphic anemia. | App/ Hematol. [Internet].
2017;8(3):123—4. Available from: http://www.jahjour-
nal.org/text.asp?2017/8/3/123/214999

26. Adeewoyin A, Nwogoh B. Peripheral Blood Film
- A Review. Ann Ibadan Postgrad Med. 2014;12(2):71-9.
27. Ballas SK. The erythrocyte sedimentation rate, rou-
leaux formation and hyperviscosity syndrome. Theory
and fact. Awm | Clin Pathol. 1975;63(1):45-8.

28. Harrington AM, Ward PC, Kroft SH. Iron Defi-
ciency Anemia , B -Thalassemia Minor , and Anemia of
Chronic Disease: A Morphologic Reappraisal. Henzato-
patholegy. 2008;129:466—71 PubMed.

29. Aslinia F, Mazza JJ, Yale SH. Megaloblastic Ane-
mia and Other Causes of Macrocytosis. Clin Med Res.
2006;4(3):236 PubMed —41.

30. Indu S, Alison W, Avinash K, Gasim D. Haema-
tology Case Studies with Blood Cell Morphology and
Pathophysiology. 1% Editio. Acadenzic Press; 2017. 61-71
PubMed p.

31. Dhaliwal G, Cornett PA, Tierney LM. Hemolytic
Anemia. African Fam Physician. 2004;69(11):2599—-606.
32. Schick P, Srikanth N, Francisco T, Ronald S, Em-

441

manuel B. Hemolytic Anemia [Internet]. MedScape.
2019 [cited 2019 Apr 2]. Available from: https://emed-
icine.medscape.com/article/201066-overview#a3

33. CDC C for DC. Anthropometry Procedures Man-
ual [Internet]. National Health and Nutrition Exami-
nation Survey (NHANES). 2007 [cited 2016 May 20].
1-105 p. Available from: http://www.cdc.gov/nchs/
data/nhanes/nhanes_07_08/manual_an.pdf

34, Gibellini D, Clo A, Morini S, Miserocchi A, Ponti
C, Re MC. Effects of human immunodeficiency virus
on the erythrocyte and megakaryocyte lineages. World |
Virol May World | Virol. [Internet]. 2013 [cited 2017 Apr
16];12(22):91-101. Available from: http://www.wijgnet.
com/esps/

35. Bidias A, Ndjonka D, Olemba C, Souleymanou
A. Cytological Profile of Red Blood Cells in Hiv-In-
fected Patients: Case of the Douala General Hospital
(Cameroon). BM] Glob Heal [Internet]. 2017;2(Sup-
pl 2):A38.2-A39. Available from: http://dx.doi.
org/10.1136/bmjgh-2016-000260.101

36. Borderi M, Gibellini D, Vescini I, De Crignis E,
Cimatti I, Biagetti C, et al. Metabolic bone disease in
HIV infection. 2009 [cited 2017 Apr 16]; Available
from: https://www.unmc.edu/media/hiv/Metabolic
Bone Disease.pdf

37. Saccomanno MFE, Ammassari A. Bone disease in
HIV infection. Clin Cases Miner Bone Metab. [Internet].
2011 Jan [cited 2017 Apr 16];8(1):33—6. Available from:
http://www.ncbi.nlm.nih.gov/pubmed/22461801

38. Volberding P, Levine A, Dieterich D, Mildvan D,
Mitsuyasu R, Saag M. Anemia in HIV infection: clinical
impact and evidence-based management strategies. C/iz
Infect Dis. 2004;38:1454—63 PubMed .

39. Obirikorang C, Yeboah FA. Blood haemoglobin
measurement as a predictive indicator for the progres-
sion of HIV/AIDS in resource-limited setting. | Biomed
Sci. [Internet]. 2009 [cited 2017 Apr 16];6(102):1-7.
Available from: https://www.ncbinlm.nih.gov/pmc/
articles/PMC2783029/pdf/1423-0127-16-102.pdf

40. Strike C, Rudzinski K, Patterson J, Millson M.
Frequent food insecurity among injection drug users :
correlates and concerns. BMC Public Health [Internet].
2012;12(1):1-9. Available from: BMC Public Health

41. Fishman SM, Christian P, Jr KPW. The role of vi-
tamins in the prevention and control of anaemia. Pub-
lic Health Nutr [Internet]. 2000;3(2):125-50. Available
from: https://www.cambridge.org/core/services/aop-
cambridge-core/content/view/56893B7153231 DAF-
42056C35739D9221/S1368980000000173a.pdf/
role_of_vitamins_in_the_prevention_and_control_
of_anaemia.pdf

African Health Sciences, Vol 22 Issue 1, March, 2022



42. Riaz N, Wolden SL, Gelblum DY, Eric J. Vitamin
D and Anemia: Insights into an Emerging Associa-
tion. Curr Opin Endocrinololgy, Diabetes Obes [Internet].
2015;22(6):432-8. Available from: https://dx.doi.org/
10.1097%2FMED.0000000000000199

43. Hassan M, Mohamed K, Zipporah N, Hudson L.
Khat (Catha edulis) use is Associated with the Devel-
opment of Gastritis among Adults in Nairobi County,
Kenya. East African edical |. 2014;91(6):191-201.

44. Rajendram R, Preedy R. Effect of Alcohol Con-
sumption on the Gut. Dogestive Dis. 2005;23:214-21
PubMed .

45. Bode C, Bode JC. Alcohol’s role in gastrointesti-
nal tract disorders. Alkobhol Health Res World |Internet].
1997;21(1):76-83. Available from: https://pubs.niaaa.
nih.gov/publications/arh21-1/76.pdf

46. Alleyne M, Horne MK, Miller JL. Individualized
Treatment for Iron-deficiency Anemia in Adults. A |
Med. 2008;121(11):943 PubMed 8.

47. Garratty G. Drug-induced immune hemolytic ane-
mia. Clin Adv Hematol Oncol. 2010;8(2):98—101.

48. Theml H, Diem H, Haferlach T. Color Atlas of
Hematology: Practical Microscopic and Clinical Diagnosis.
2 revise. Stuttgart: Thieme; 2004. 127-170 p.

49. Dancheck B, Tang AM, Thomas AM, Smit E, Vla-

African Health Sciences, Vol 22 Issue 1, March, 2022

hov D, Semba RD. Injection drug use is an independ-
ent risk factor for iron deficiency and iron deficiency
anemia among HIV-seropositive and HIV-seronegative
women. | Acquir Immune Defic Syndr [Internet]. 2005 Oct
1 [cited 2017 Apr 16];40(2):198-201. Available from:
http://www.ncbi.nlm.nih.gov/pubmed/16186738

50. Means RTJ. The anaemia of infection. Baz/lieres Best
Pract Res Clin Haematol. 2000 Jun;13(2):151-62.

51. Murphy M, Perussia B, Trinchieri G. Effects of
recombinant tumor necrosis factor, lymphotoxin, and
immune interferon on proliferation and differentiation
of enriched hematopoietic precursor cells. Exp Hema-
tol. 1988 Feb;16(2):131-8.

52. Weatherall DJ. Normochromic, normocytic anae-
mia. In: Oxford Textbook of Medicine [Internet|.
Oxford University Press; 2010 [cited 2017 Apr 16].
p. 4401-2. Available from: http://oxfordmedicine.
com/view/10.1093/med/9780199204854.001.1/med-
9780199204854-chapter-220505

53. Saccomanno MF, Ammassari A. Bone disease
in HIV infection. Clin Cases Miner Bone Metab. 2011
Jan;8(1):33—6.

54. Gibellini D, Clo A, Morini S, Miserocchi A, Ponti
C, Re MC. Effects of human immunodeficiency virus
on the erythrocyte and megakaryocyte lineages. World |
Virol May World | Virol. 2013;12(22):91-101.

442



