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Abstract

Background: Thrombocytopenia is a common hematological manifestation in people living
with human immunodeficiency virus (HIV) or acquired immune deficiency syndrome (AIDS;
PLWHA]. Data on the prognostic relationship and associated factors of thrombocytopenia and
HIV infection in China are limited.

Objectives: We assessed the prevalence of thrombocytopenia, its association with prognosis,
and analyzed the associated risk factors among demographic characteristics, comorbidities,

hematological and bone marrow indicators.

Design: We collected patients identified as PLWHA in Zhongnan Hospital. The patients
were divided into two groups: the thrombocytopenia group and the non-thrombocytopenia
group. We analyzed and compared demographic characteristics, comorbidities, peripheral
blood cells, lymphocyte subpopulations, infection indicators, bone marrow cytology,

and bone marrow morphology of the two groups. Then we analyzed the risk factors for
thrombocytopenia and the effect of platelet (PLT) values on the prognosis of patients.
Methods: Demographic characteristics and laboratory results were obtained from medical
records. In contrast to other studies, we included bone marrow cytology and morphology in
this study. Data were analyzed with multivariate logistic regression analysis. The Kaplan-
Meier method was used to plot 60-month survival curves for the severe, mild, and non-
thrombocytopenia groups. The value p<0.05 was taken as statistically significant.

Results: Among 618 identified PLWHA, 510 (82.5%) were male. Overall, thrombocytopenia was

found in 37.7% [95% confidence interval (Cl): 33.9-41.5%]. Multivariable logistic regression
analysis showed that age =40years [adjusted odds ratio (AOR) 1.869, 95% Cl: 1.052-3.320],
combined with hepatitis B [AOR 2.004, 95% Cl: 1.049-3.826), high procalcitonin (PCT) count
(AOR 1.038, 95% Cl: 1.000-1.078) were risk factors of thrombocytopenia in PLWHA. An
increased percentage of thrombocytogenic megakaryocytes was a protective factor, with
an AOR 0.949 (95% Cl: 0.930-0.967). Kaplan-Meier survival curve analysis showed that the
prognosis was worse in the severe than in the mild (p=0.002) and non-thrombocytopenia
groups (p=0.008).

Conclusion: We discovered a general high pervasiveness of thrombocytopenia in PLWHA in
China. Age =40years, combined with hepatitis B virus infection, high PCT, and decreased
percentage of thrombocytogenic megakaryocytes indicated a higher risk for developing
thrombocytopenia. A PLT count <50 X 10%/liter led to a worse prognosis. Therefore, early
diagnosis and treatment of thrombocytopenia in these patients are useful.
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Background

Human immunodeficiency virus (HIV) infec-
tion causes acquired immune deficiency syn-
drome (AIDS). It has a poor prognosis and
high mortality rate. HIV infection not only
compromises the immune system, but also
disrupts normal hematopoiesis, leading to fre-
quent manifestations of pancytopenia (ane-
mia, thrombocytopenia, and neutropenia).l-3
Thrombocytopenia is a frequent hematological
manifestation in people living with HIV or
AIDS (PLWHA). The prevalence of thrombo-
cytopenia in PLWHA is 4.1-40%, and increases
with disease progression.*® A previous cross-
sectional study in Canada showed a prevalence
of thrombocytopenia of 26% in PLWHA.” A
long-term study in Denmark found a preva-
lence of thrombocytopenia of 5.5% in PLWHA.8
According to a recent report, 64.6% of PLWHA
without antiretroviral treatment (ART) demon-
strated thrombocytopenia.® In a previous large
cross-sectional study of newly recognized
PLWHA in China, thrombocytopenia was pre-
sent in 15.6%.10

Hematological abnormalities are common in
patients with PLWHA. HIV-associated hemocy-
topenia may result from different mechanisms,
such as defects in bone marrow production,
increased peripheral loss, or destruction of
blood cells.!! Thrombocytopenia is a common
blood system disease in PLWHA. The mecha-
nism is estimated to be associated with acceler-
ated peripheral platelet (PLT) destruction and
decreased PLT production from impaired mega-
karyocytes.2 However, there is no clear research
on the specific mechanism of its occurrence.

Objectives

With the increasing number of PLWHA and the
increasing level of medical standards, the current
prevalence of thrombocytopenia in PLWHA in
China has not been evaluated. In addition, pre-
vious studies on this topic did not consider
bone marrow cytology or bone marrow mor-
phology. Therefore, we analyzed a cohort of
PLWHA in China, to assess the prevalence of
thrombocytopenia, its association with progno-
sis, and analyzed the associated risk factors
among demographic characteristics, comorbidi-
ties, hematological and bone marrow indicators.

Design and methods

A total of 783 identified PLWHA who met the
diagnostic criteria of the Chinese Medical
Association’s ‘AIDS Diagnosis and Treatment
Guidelines (2018 Edition)’, attending in Zhongnan
Hospital from January 2016 to October 2020.
The reporting of this study conforms to the
Strengthening the Reporting of Observational
Studies in Epidemiology (STROBE) statement.1?

Only patients with routine blood information
available, who had a bone marrow aspiration, are
=18years old, and met the diagnostic criteria of
AIDS were considered for participation in this
trial. Exclusion standards included patients who
were <l18years old, who lacked routine blood
information and outcome information and who
had not had a bone marrow aspiration. Finally,
618 identified patients were enrolled. According
to PLT count, the patients were divided into two
groups: 233 patients in the thrombocytopenia
group (PLT <125 X 10%liter, 37.7%) and 385
patients in the non-thrombocytopenia group
(PLT =125X10% 62.3%). The demographic
and clinical data of PLWHA were collected.
Besides demographic characteristics, we collected
data on comorbidities, peripheral blood cells,
lymphocyte subpopulations, infection indicators,
bone marrow cytology, and bone marrow mor-
phology. To investigate the effect of PLT values
on the prognosis of PLWHA, the Kaplan—Meier
method was used to plot survival curves for the
severe, mild, and non-thrombocytopenia groups.
We collected demographic, clinical, and outcome
information on 4 April 2022. The flow chart is
shown in Figure 1.

Definition

Conditions were defined based on the following
parameters: Anemia: male, hemoglobin (HGB)
count <130g/liter, female, HGB count <115g/
liter. Thrombocytopenia: PLT count <125 X 10%/
liter. A PLT count between 125 X 10%liter and
50 X 10%liter was considered to reflect mild
thrombocytopenia, whereas a PLT count
<50 X 10%liter was considered to reflect severe
thrombocytopenia. Leukopenia: white blood cell
(WBC) count <3.5 X 10%liter. The definition is
set according to the Reference Interval of Blood Cell
Analysisissued by the National Health Commission
of the people’s Republic of China in 2013.
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Figure 1. Study flow diagram.
PLT, platelet; PLWHA, people living with HIV/AIDS.

Demographic characteristics and clinical data
collection

To determine the demographic, clinical, and lab-
oratory characteristics at the time of thrombocy-
topenia detection — defined for the purposes of
this study as the onset of thrombocytopenia in
incident cases or the first clinic visit in prevalent
cases — medical records were retrospectively
reviewed. Variables included age, sex, comorbidi-
ties, peripheral blood cells, lymphocyte subpopu-
lation, infection indicators, bone marrow
cytology, and bone marrow morphology.

Bone marrow aspiration and biopsy

Bone marrow aspiration and trephine biopsies
were carried out on either the anterior or poster
superior iliac spine. Disposable bone marrow tre-
phine biopsy needles were used. Aspiration was
performed prior to the trephine biopsy procedure.
The samples from a trephine biopsy were placed
in formalin fixative immediately. The tissue was
decalcified for 3.5h after at least 4h of fixation
before being processed using standard histology
methods. After being stained with hematoxylin—
eosin, two level sections were routinely examined.
Bone marrow particles from aspiration samples
were ‘squashed’ and ‘streaked’ (without particles,
and spread out like a peripheral blood smear),
and after being stained with Wright—Giemsa

stain, they were examined. Bone marrow aspira-
tion and trephine biopsy samples were obtained
within the same procedure. Each patient’s blood
sample was manually prepared into blood smears,
dyed with May-Grinwald—Giemsa dye, and
delivered to a facility for analysis. Two hundred
cells per blood smear were manually evaluated by
two qualified reviewers, independently, blinded
to other findings, and the average was taken for
analysis.

Statistical analysis

The independent samples’ z-test was used to
compare the means of continuous variables with
normal distributions. Differences in non-nor-
mally distributed variables were assessed using
nonparametric tests. The 2 test was used to com-
pare categorical variables. We utilized multivari-
ate binary logistic regression models to account
for relevant confounders. To evaluate the associa-
tion between each risk factor and thrombocytope-
nia, odds ratios and 95% confidence intervals
(CIs) were computed. We used Kaplan—Meier
survival curve analysis to assess the impact of
thrombocytopenia on prognosis in PLWHA. We
analyzed the data using IBM SPSS version 25.0
(IBM SPSS Inc., Armonk, NY, USA). The value
p<<0.05 was taken as statistically significant.

Results

Demographic characteristics and comorbidities

of study participants

A total of 618 identified PLWHA were recruited
into this study, of which 510 (82.5%) were male.
The median age of the participants was 43 years
[interquartile range (IQR) 32, 52]. The demo-
graphic characteristics and comorbidities of the
study participants are shown in Table 1. The sex
distribution between the thrombocytopenia
and non-thrombocytopenia groups differed
significantly (p=0.004). More patients in the
thrombocytopenia were 40 years or older than
in the non-thrombocytopenia group (p=0.002,
Figure 2(a)). Leukopenia was almost twice as
prevalent in the thrombocytopenia group than
in the non-thrombocytopenia group (p < 0.001).
Similarly, hepatitis B and hepatitis C virus
infections were present in almost double the
proportion of patients in the thrombocytopenia
group as compared with the non-thrombocytope-
nia group (both p=0.002). The incidence of
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Table 1. Demographic characteristics and comorbidities of PLWHA.
Variables Non-thrombocytopenia Thrombocytopenia p value
(n=385) (n=233)

Sex 0.004
Male 331 (86.0) 179 (76.8)
Female 54 (14.0) 54(23.2)

Age (years) 0.002
<40 179 (46.5) 79 (33.9)
=40 206 (53.5) 154 (66.1)

Comorbidities
Anemia 331 (86.0) 209 (89.7) 0.177
Leukopenia 111 (28.8) 129 (55.4) <0.001
Hematological system neoplasms 45 (11.7) 25(10.7) 0.716
Syphilis® 72 (20.0] 47(21.5) 0.673
Hepatitis B® 54 (14.4) 55 (24.3) 0.002
Hepatitis C¢ 18 (5.0 27 (11.9) 0.002
EBV 157 (65.4) 78 (64.5) 0.858
CMV 102 (34.2) 49 (33.6) 0.889

CMYV, cytomegalovirus, 174 patients missing data; EBV, Epstein-Barr virus, 257 patients missing data; PLWHA, people

living with HIV/AIDS.

Values are expressed as number (%) of patients.
239 patients missing data.

b18 patients missing data.

28 patients missing data.

thrombocytopenia among patients with various
comorbidities was shown in Figure 2(b).
Eventually, 535 of the PLWHA in our study sur-
vived, and 83 died.

Peripheral blood cells, lymphocyte

subpopulation, and infection indicators of study
participants

The mean red blood cell (RBC) counts were sig-
nificantly lower in the thrombocytopenia than in
the non-thrombocytopenia group (p<<0.001).
The mean HGB concentration was significantly
lower in the thrombocytopenia than in the non-
thrombocytopenia group (p<<0.001). The
median WBC, neutrophil (NEU), lymphocyte
(LYM), and CDS8" counts were significantly
lower in the thrombocytopenia group than in the

non-thrombocytopenia group (all p<<0.001).
The median CD4" /CD8" ratio was significantly
higher in the thrombocytopenia than in the non-
thrombocytopenia group (p=0.016). The median
PCT level was significantly higher in the throm-
bocytopenia than in the non-thrombocytopenia
group (p<0.001; Table 2 and Figure 3).

Comparison of bone marrow morphology and

bone marrow cytology

Next, we compared bone marrow morphology
and bone marrow cytology among the two groups
(Table 3). In terms of bone marrow morphol-
ogy, most PLWHA showed increased granular-
ity, thickening, and vacuolar degeneration.
Granularity increases and thickening were more
prevalent in the non-thrombocytopenia than in
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Figure 2. The incidence of thrombocytopenia in patients with different (a) ages and (b) comorbidities.

Table 2. Comparison of peripheral blood cells, lymphocyte subpopulation, and infection indicators between
the two groups.

Variables Non-thrombocytopenia Thrombocytopenia p value
(n=385) (n=233)

WBC count (10%/liter) 4.84(3.31,7.11) 3.25(2.05, 5.53) <0.001
RBC count (10'?/liter) 3.38+0.81 2.99+0.92 <0.001
HGB count (g/liter) 101.89 £ 24.24 90.87 =26.99 <0.001
NEU count (10%/liter) 3.14(2.00, 5.25) 2.13 (1.24, 3.63) <0.001
LYM count (10%/liter) 0.72(0.43, 1.20) 0.55(0.29, 0.94) <0.001
CD4+ count (ul)2 0.388
<50 139 (51.7) 73 (47.4)

50-199 72 (26.8) 39 (25.3)

200-349 27(10.0) 15(9.7)
=350 31(11.5) 27 (17.5)
CD8* count (ul)® 410.00 (225.22, 635.29) 286.92 (148.77, 483.18) <0.001
CD4+ /CD8+ ratioc 0.11(0.04, 0.32) 0.18 (0.05, 0.52) 0.016
PCT (ng/ml) 0.07 (0.05, 0.25) 0.23(0.05, 0.95) <0.001
CRP (mg/liter] 32.36 (11.23, 62.94) 25.96 (5.10, 90.79) 0.957
IL-6 (pg/ml) 22.89 (12.53, 53.53) 24.33 (13.89, 64.07) 0.932

CRP, C-reactive protein; 368 patients missing data; HGB, hemoglobin; IL-6, interleukin-6; 498 patients missing data; LYM,
lymphocyte; NEU, neutrophil; PCT, procalcitonin; 80 patients missing data; RBC, red blood cell; WBC, white blood cell.
Numbers (%] are used to express categorical variables, median (interquartile ranges: P25, P75) is used to express non-
normally distributed continuous variables and mean = SD is used to express normally distributed continuous variables.
a195 patients missing data.

195 patients missing data.

€196 patients missing data.
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Figure 3. Comparison of (a) WBC, (b) RBC, (c] HGB, (d) NEU, (e] LYM, (f] CD8+, (g) CD4*/CD8*, (h) PCT, (i) CRP,
and (j) IL-6 between the two groups.

CRP, C-reactive protein; HGB, hemoglobin; IL-6, Interleukin-6; LYM, lymphocyte; NEU, neutrophil; PCT, procalcitonin; RBC,
red blood cell; WBC, white blood cell.

*p < 0.05, **p<0.01, ***p<0.001.

Table 3. Comparison of bone marrow cytology and bone marrow morphology between the two groups.

Variables Non-thrombocytopenia (n=385) Thrombocytopenia (n=233)  p value

Bone marrow morphology changes

Increased granularity and thickening? 298 (79.7) 152 (68.2) 0.002
Vacuolar degeneration® 2711(72.7) 138 (61.9] 0.006
Déhle bodies? 76 (20.3) 27 (12.1) 0.010
Granulocytic shift to left? 68(18.2) 44(19.7) 0.639
Megaloblastic granulocytesP 25 (6.7) 20 (9.0) 0.311
Megaloblastic erythrocytes? 17 (4.5) 10 (4.5) 0.972
Basophilic stippling? 108 (28.9) 96 (43.0) <0.001
Erythroid dyshematopoiesis? 2(0.5) 3(1.3) 0.293
Megakaryocytic dyshematopoiesis? 0 (0) 2(0.9) 0.067
Increased lobulation in megakaryocytes? 7(1.9) 7 (3.1) 0.322
[Continued]
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Table 3. (Continued)

Variables Non-thrombocytopenia (n=385) Thrombocytopenia (n=233)  p value
Atypical lymphocytes? 31(8.3) 19 (8.5 0.929
Hemophagocytic cells? 6(1.6) 10 (4.5) 0.034

Myelogram
Granulocytes (%)P 61.75 (52.88, 71.00) 57.00 (45.00, 67.00) <0.001
Erythrocytes (%]¢ 18.00 (12.00, 24.50) 21.00 (45.00, 67.00) 0.004
Granulocyte/Erythrocyte ratio 3.38(2.22,5.37) 2.56 (1.59, 4.47) <0.001
Thrombocytogenic megakaryocytes (%)° 32.0(32.0, 36.0) 16.7 (0, 33.3) <0.001

Numbers (%) are used to express categorical variables; median (interquartile ranges: P25, P75] is used to express non-normally distributed

continuous variables.
321 patients missing data.
b22 patients missing data.

25 patients missing data; granulocyte/erythrocyte ratio: 41 patients missing data.

the thrombocytopenia group (p=0.002).
Similarly, vacuolar degeneration was significantly
more prevalent in the non-thrombocytopenia
than in the thrombocytopenia group (p=0.006).
Dohle bodies was found significantly more often
in the non-thrombocytopenia group (»=0.010).
On the contrary, basophilic stippling was signifi-
cantly more common in the thrombocytopenia
than in the non-thrombocytopenia group
(p<<0.001). Hemophagocytic cells was also more
commonly present in the thrombocytopenia
group than in the non-thrombocytopenia group
(p=0.034).

The prevalence of thrombocytopenia among
patients with various bone marrow morphologies
is shown in Figure 4. Figure 5 shows typical mor-
phological changes in the bone marrow of
PLWHA, including vacuolar degeneration, Dohle
bodies, and hemophagocytic cells.

In the comparison of bone marrow cytology
among the two groups, the median percentage of
granulocytes was higher in the non-thrombocyto-
penia than in the thrombocytopenia group
(p<<0.001). Erythrocytes were more common in
the thrombocytopenia than in the non-thrombo-
cytopenia group (p=0.004). The granulocyte/
erythrocyte ratio was significantly higher in the
non-thrombocytopenia than in the thrombocyto-
penia group (p<0.001). The median percentage
of thrombocytogenic megakaryocytes in the

thrombocytopenia group was almost half that in
the non-thrombocytopenia group (p<<0.001;
Figure 6).

Risk factors of thrombocytopenia in PLWHA:
multivariate logistic regression analysis

We examined parameters related to thrombocy-
topenia among PLWHA in a multivariate logis-
tic regression model (Table 4). Because of
colinearity, WBC count and leukopenia could
not be included in the same model. Replacing
leukopenia for WBC count did not change the
model qualitatively. Even after accounting for
other model factors, there was still a significant
relationship between thrombocytopenia status
and hepatitis B, age, PCT, and the percentage
of thrombocytogenic megakaryocytes. The
adjusted odds ratio for hepatitis B was 2.004
(95% CI: 1.049-3.826). PLWHA with hepatitis
B are 2.2004 times more likely to develop throm-
bocytopenia than those without hepatitis B
(p=0.035). The adjusted odds ratio for age was
1.869 (95% CI: 1.052-3.320). PLWHA aged
=40years were 1.869 times more likely to
develop thrombocytopenia than those aged
<40years (p=0.033). The adjusted odds ratio
for PCT was 1.038 (95% CI: 1.000-1.078,
p»=0.049). The percentage of thrombocytogenic
megakaryocytes was a protective factor, with an
adjusted odds ratio of 0.949 (95% CI: 0.930—
0.967, p<0.001).
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Figure 5. Typical morphological changes in bone marrow cells in people living with HIV/AIDS. (a) Vacuolar
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@) 40- o (®) gs-

—~
o
~—
B
o
1

' *kk - (d)

* %k

w
o
1

0.5+

Granulocyte (%)

Py
(=]
1
o

.

0.0

Granulocyte/Erythrocyte
S
1
Thromocytogenic megakaryocyte (%)
8
1

.
Y
0,

Y
60

.

Y
()

\’6
%,
%
%

%

Figure 6. Comparison of bone marrow morphology between the two groups. (a) Granulocytes, (b] erythrocytes,
(c) granulocyte/erythrocyte ratio, and (d) thrombocytogenic megakaryocytes.
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Table 4. Relationship between associated variables and thrombocytopenia in Chinese PLWHA.

Variables Non-thrombocytopenia Thrombocytopenia Multivariate logistic p value
(n=385) (n=233) regression
AOR (95% Cl)

Sex 1.543 (0.784-3.036) 0.209

Male 331 (86.0) 179 (76.8)

Female 54 (14.0) 54 (23.2)
Age 1.869 (1.052-3.320) 0.033

<40 179 (46.5) 79 (33.9)

=40 206 (53.5) 154 (66.1)
Hepatitis B 54 (14.4) 55 (24.3) 2.004 (1.049-3.826) 0.035
Hepatitis C 18 (5.0) 27 (11.9) 1.294 (0.419-3.994) 0.655
WBC count 4.84(3.31,7.11) 3.25(2.05, 5.53) 0.804 (0.511-1.265) 0.345
RBC count 3.38 +0.81 2.99+0.92 0.760 (0.370-1.561) 0.454
HGB count 101.89 * 24.24 90.87 = 26.99 1.002 (0.979-1.027) 0.840
NEU count 3.14(2.00, 5.25) 2.13 (1.24, 3.63) 1.213 (0.752-1.958) 0.428
LYM count 0.72 (0.43, 1.20) 0.55(0.29, 0.94) 0.994 (0.601-1.483) 0.803
CD8* count 410.00 (225.22, 635.29) 286.92 (148.77, 483.18)  1.000 (0.999-1.000) 0.367
CD4* /CD8* 0.11(0.04, 0.32) 0.18 (0.05, 0.52) 1.016 (0.980-1.052) 0.391
PCT 0.07 (0.05, 0.25) 0.23 (0.05, 0.95) 1.038 (1.000-1.078) 0.049
Granular increases and 298 (79.7) 152 (68.2) 0.759 (0.220-2.618) 0.663
thickening
Vacuolar degeneration 271 (72.7) 138 (61.9) 0.913 (0.290-2.871) 0.876
Déhle bodies 76 (20.3) 27 (12.1) 0.670(0.318-1.411) 0.292
Basophilic stippling 108 (28.9) 96 (43.0) 1.415 (0.754-2.653) 0.280
Hemophagocytic cells 6(1.6) 10 (4.5) 2.142 (0.529-8.667) 0.286
Granulocytes 61.75(52.88, 71.00) 57.00 (45.00, 67.00) 0.188 (0.015-2.360) 0.195
Erythrocytes 18.00 (12.00, 24.50) 21.00 (45.00, 67.00) 4.404 (0.173-112.042) 0.369
Granulocyte/erythrocyte ratio 3.38 (2.22, 5.37) 2.56 (1.59, 4.47) 1.000 (0.981-1.020) 0.985
Thrombocytogenic 32.0(32.0, 36.0) 16.7 (0, 33.3) 0.949 (0.930-0.967) <0.001

megakaryocytes

AOR, adjusted odds ratio; HGB, hemoglobin; LYM, lymphocyte; NEU, neutrophil; PCT, procalcitonin; PLWHA, people living with HIV/AIDS; RBC, red

blood cell; WBC, white blood cell.
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Figure 7. Comparison of 60-month survival of patients in the non-thrombocytopenia group, mild
thrombocytopenia group, and severe thrombocytopenia group by Kaplan-Meier survival curves.
Table 5. Demographic characteristics and comorbidities of outcome.
Item Survivors (535 cases, N, %) Non-survivors (83 cases, N, %) p-value
Gender 0.640
Male 440 (82.2%) 70 (84.3%)
Female 95 (17.8%) 13 (15.7%)
Age (years) 43 (32,51) 48 (38,56) 0.003
Complications
Leukopenia 209 (39.1%) 31 (37.3%) 0.765
Hepatitis B 144 (28.0%) 13 (15.7%) 0.018
Hepatitis C 95 (18.2%) 14 (17.7%) 0.912

Effects of thrombocytopenia on the prognosis of
PLWHA

Finally, we analyzed the 60-month survival rates
in different groups of patients (Figure 7). Data
were collected on 4 April 2022. The median fol-
low-up time was 50 months (range 11-60). There
were 73 survivors (76.0%) in the severe thrombo-
cytopenia group, 126 survivors (92.0%) in the
mild thrombocytopenia group, and 336 survivors
(87.3%) in the non-thrombocytopenia group.
Kaplan—Meier survival curve analysis showed
that the prognosis of severe thrombocytopenia
group was worse than that of the mild thrombo-
cytopenia group (p=0.002) and non-thrombocy-
topenia group (p=0.008). The prognosis of the
mild thrombocytopenia group and non-thrombo-
cytopenia group was not statistically significantly
different (p=0.220). Further analysis was per-
formed to identify confounding factors that might

influence patient outcomes (Table 5). The results
suggested that age and hepatitis B may influence
the outcome of patients.

Discussion

Although PLWHA have a wide range of clinical
outcomes, a series of hematological abnormali-
ties, particularly cytopenias, are often identified
as the first and most common clinical complica-
tion. HIV-related thrombocytopenia is one of
these commplications.!>17 According to litera-
ture reports,!® the prevalence of thrombocytope-
nia in Chinese identified PLWHA was higher
than that in the overall Chinese population. In
our study, there were 233 patients with thrombo-
cytopenia, accounting for 37.7% of our total
cohort. In addition, we identified age =40years,
combined with hepatitis B virus infection, high
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Figure 8. Risk factors of thrombocytopenia in people living with HIV/AIDS.

PCT, procalcitonin; PLT, platelet.

PCT, and decreased percentage of thrombocyto-
genic megakaryocytes as risk factors for the devel-
opment of thrombocytopenia. In addition, a PLT
count <50 X 10%liter was associated with a worse
prognosis among PLWHA.

The prevalence of thrombocytopenia in different
cities was different.6818-20 The difference may
be due to variation in the definition of thrombo-
cytopenia, region, study design, and study popu-
lation size, as well as differences in PLT count
cutoff values across study areas.*%18:20-24 Tn addi-
tion, race and ethnicity may also influence the
incidence of thrombocytopenia.> For PLWHA,
thrombocytopenia may be the main reason for
hospital admission. Over time, some patients may
experience severe bleeding due to thrombocyto-
penia.!8 In a Canadian study, 0.6% of identified
PLWHA developed severe resistant thrombocy-
topenic purpura.?> Therefore, for PLWHA, it is
necessary to monitor PL'T counts to assess dis-
ease progression and prognosis, and to screen for
and identify HIV infection in patients presenting
with thrombocytopenia or its associated clinical
symptoms.

In the multivariate logistic regression analysis, we
concluded that hepatitis B virus infection was an
independent risk factor for thrombocytopenia in
PLWHA, which was consistent with previous
findings.?% A study showed that all patients with
severe thrombocytopenia tested positive for anti-
bodies to hepatitis B virus core antigen.2? This
may be because co-infection with hepatitis B virus
damages the liver and reduces thrombopoietin
production.?® In addition, age =40years was a
risk factor for thrombocytopenia, which was con-
sistent with previous research results.2® This may
be explained by the higher prevalence of myelod-
ysplasia in older patients.!®3° High PCT values
are also a risk factor for thrombocytopenia. PLTs

can deliver cytokines, select leukocytes, interact
with bacteria and the endothelium, and contrib-
ute to microthrombus formation.3! Thus, when
an infection occurs, the PLT count decreases due
to depletion. It is worth noting that 95% CI con-
tains 1, indicating that the effect is not strong and
further analysis is needed. In addition, the
decreased percentage of thrombocytogenic mega-
karyocytes places individuals at higher risk for
developing thrombocytopenia. This may be
because HIV infection impairs bone marrow
homeostasis and affects cell proliferation and dif-
ferentiation during hematopoiesis in both direct
and indirect ways (Figure 8).3233 In our study,
thrombocytopenia occurred independently of
CD4 cell count. This was consistent with the
conclusion of another study.3*

HIV infection increases the likelihood of throm-
bocytopenia, which could be due to immune
destruction of peripheral blood PLTs and
decreased PLT production in the bone marrow.
On one hand, immune destruction of peripheral
blood PLTs leads to a decrease in PLT counts. In
a large study conducted in Uganda, 5% of infected
individuals carried anti-PL'T antibodies.?! The
etiology of thrombocytopenia may be related to
the decrease in the number of PLTs caused by
immune destruction of PLTs.?> HIV infection
affects the maturation of megakaryocytes.
Megakaryocyte maturation is disrupted due to
impaired signaling in the colony-forming unit of
megakaryocyte growth.3¢ It may manifest as an
increased proportion of immature megakaryo-
cytes, but may also interfere with degranulation
of mature megakaryocytes and PLT release.
Furthermore, megakaryocytes in bone marrow
express the CD4" receptor and co-receptor
required for HIV infection. Thus, megakaryo-
cytes internalize HIV and express the viral RNA.37
HIV infection then leads to decreased expression
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of the thrombopoietin C-MPL receptor by imma-
ture megakaryocytes.?> Megakaryocytes infected
with HIV also show morphological alterations
and higher apoptosis rates.38

A PLT count <50 X 10%liter in PLWHA leads to
worse prognosis. Thrombocytopenia affects the
efficacy of HAART, resulting in higher mortality
andimpaired quality oflife.3%-3* Thrombocytopenia
is associated with adverse sequelae and is consid-
ered to be an independent predictor of mortality
in PLWHA because of increased bleeding risk,
which can occur in mucosal, skin, soft tissue, and
intracranial sites.?2! Determining when these
hematological issues manifest requires monitor-
ing of changes in PLT numbers in PLWHA and
taking the necessary clinical measures to prevent
comorbidities.#® Several studies have previously
reported a higher incidence of thrombocytopenia
in patients who did not receive HAART than in
those who received HAART.421:22 Therefore,
starting HAART early seems to be effective in
normalizing blood cells in PLWHA.15 In those
with a PLT count <50 X 10%liter, in particular,
treatment should be started as soon as possible to
improve prognosis.

The study had some limitations. Selection bias
could have influenced the results. Nevertheless,
our study has important implications for the clini-
cal management of the PLWHA. The large sam-
ple size of this study was its primary advantage.
We also included bone marrow morphology and
bone marrow cytology and identified the com-
mon bone marrow morphological changes in
PLWHA. At the same time, we also explored dif-
ferences in the bone marrow between the throm-
bocytopenia group and the non-thrombocytopenia
group. Finally, we identified the prognosis and
some risk factors for thrombocytopenia in
PLWHA, laying the groundwork for future
research into the pathophysiology of HIV-
associated thrombocytopenia.

Conclusion

Thrombocytopenia is a common comorbidity in
PLWHA. Age =40years, comorbid hepatitis B
virus infection, high PCT, and a decreased per-
centage of thrombocytogenic megakaryocytes
increased the risk for development of thrombocy-
topenia. Therefore, early diagnosis and treatment
of thrombocytopenia in these patients are useful.

Declarations

Ethics approval and consent to participate

The Zhongnan Hospital Ethics Committee of
Wuhan University gave its approval to the study
(2021006K).

Consent for publication
Not applicable.

Author contributions

Xiaoyan Lv: Conceptualization; Data curation;
Formal analysis; Investigation; Methodology;
Project administration; Resources; Software;
Validation; Visualization; Writing — original draft;
Writing — review & editing.

Pengpeng Li: Conceptualization; Data curation;
Investigation; Methodology; Resources; Software;
Validation; Visualization.

Pengpeng Yue: Conceptualization; Data cura-
tion; Formal analysis; Project administration;
Validation; Visualization; Writing — review &
editing.

Ping Tang: Investigation; Methodology;
Resources; Visualization.
Fuling Zhou: Conceptualization; Funding

acquisition; Project administration; Writing —
review & editing.

Acknowledgements
None.

Funding

The authors disclosed receipt of the following
financial support for the research, authorship,
and/or publication of this article: This
work was supported by the Zhongnan Hospital
of Wuhan University Science, Discipline and
Platform Construction Fund (grant no.
PDJH202217).

Competing interests

The authors declared no potential conflicts of
interest with respect to the research, authorship,
and/or publication of this article.

Availability of data and materials

The data that support the findings of this study
are available on request from the correspond-
ing author, Fuling Zhou, upon reasonable
request.

journals.sagepub.com/home/tah


https://journals.sagepub.com/home/tah

X Lv, PLietal

ORCID iD
Fuling Zhou
0982-0382

https://orcid.org/0000-0003-

References
1. Durandt C, Potgieter JC, Mellet ], et al. HIV and
haematopoiesis. S Afr Med ¥ 2019; 109: 40-45.

2. Bisetegn H and Ebrahim H. The prevalence of
thrombocytopenia and leucopenia among people
living with HIV/AIDS in Ethiopia: a systematic
review and meta-analysis. PLoS ONE 2021; 16:
e0257630.

3. Firnhaber C, Smeaton L, Saukila N, ez al.
Comparisons of anemia, thrombocytopenia, and
neutropenia at initiation of HIV antiretroviral
therapy in Africa, Asia, and the Americas. Inz ¥
Infect Dis 2010; 14: €e1088-e1092.

4. Enawgaw B, Alem M, Addis Z, et al.
Determination of hematological and
immunological parameters among HIV positive
patients taking highly active antiretroviral
treatment and treatment naive in the
antiretroviral therapy clinic of Gondar University
Hospital, Gondar, Northwest Ethiopia: a
comparative cross-sectional study. BMC Hematol
2014; 14: 8.

5. Torre D and Pugliese A. Platelets and HIV-1
infection: old and new aspects. Curr HIV Res
2008; 6: 411-418.

6. Getawa S, Aynalem M, Bayleyegn B, ez al. The
global prevalence of thrombocytopenia among
HIV-infected adults: a systematic review and
meta-analysis. Int J Infect Dis 2021; 105: 495—
504.

7. Ambler KL, Vickars LM, Leger CS, ez al.
Clinical features, treatment, and outcome of
HIV-associated immune thrombocytopenia in the
HAART era. Adv Hematol 2012; 2012: 910954.

8. Akdag D, Knudsen AD, Thudium RF, ez al.
Increased risk of anemia, neutropenia, and
thrombocytopenia in people with human
immunodeficiency virus and well-controlled viral
replication. ¥ Infect Dis 2019; 220: 1834—-1842.

9. Nka AD, Sosso SM, Fokam ], ez al.
Thrombocytopenia according to antiretroviral
drug combinations, viremia and CD4
lymphocytes among HIV-infected patients in
Cameroon: a snapshot from the City of Yaoundé.
BMC Res Notes 2019; 12: 632.

10. Shen Y, Wang J, Wang Z, et al. A cross-sectional
study of leukopenia and thrombocytopenia

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

among Chinese adults with newly diagnosed
HIV/AIDS. Biosci Trends 20155 9: 91-96.

Opie J. Haematological complications of HIV
infection. S Afr Med ¥ 2012; 102: 465-468.

von Elm E, Altman DG, Egger M, et al. The
strengthening the reporting of observational
studies in epidemiology (STROBE) statement:
guidelines for reporting observational studies.
Lancer 2007; 370: 1453-1457.

Wisaksana R, de Mast Q, Alisjahbana B, ez al.
Inverse relationship of serum hepcidin levels with
CD4 cell counts in HIV-infected patients selected
from an Indonesian prospective cohort study.
PLoS ONE 2013; 8: €79904.

Wankah PN, Tagny CT and Mbanya DN. Profile
of blood cell abnormalities among antiretroviral
therapy naive HIV patients attending the
Yaounde University Teaching Hospital,
Cameroon. BMC Hematol 20145 14: 15.

Fan L, Li C and Zhao H. Prevalence and risk
factors of cytopenia in HIV-infected patients
before and after the initiation of HAART. Biomed
Res Int 2020; 2020: 3132589.

Sagar R, Afroz T, Hemanathan G, er al.

Hematological abnormalities in HIV infected
individuals in correlation to CD4 counts and
ART status. Asian J Med Sci 20165 7: 14-18.

Wondimeneh Y, Muluye D and Ferede
G. Prevalence and associated factors of
thrombocytopenia among HAART-naive HIV-
positive patients at Gondar University Hospital,
northwest Ethiopia. BMC Res Notes 2014; 7: 5.

Fan HW, Guo FP, Li Y], et al. Prevalence

of thrombocytopenia among Chinese adult
antiretroviral-naive HIV-positive patients. Chin
Med ¥ (Engl) 2015; 128: 459-464.

Obiri-Yeboah D, Charwudzi A, Baidoo IK, ez al.
Haematological changes among HIV-positive
persons on antiretroviral therapy at a tertiary
hospital in Ghana. West Afr ¥ Med 2020; 37:
40-47.

Deressa T, Damtie D, Workineh M, er al.
Anemia and thrombocytopenia in the cohort
of HIV-infected adults in northwest Ethiopia:
a facility-based cross-sectional study. EFIFCC
2018; 29: 36-47.

Taremwa IM, Muyindike WR, Muwanguzi
E, et al. Prevalence of HIV-related
thrombocytopenia among clients at Mbarara
Regional Referral Hospital, Mbarara,
southwestern Uganda. ¥ Blood Med 2015; 6:
109-113.

journals.sagepub.com/home/tah


https://journals.sagepub.com/home/tah
https://orcid.org/0000-0003-0982-0382
https://orcid.org/0000-0003-0982-0382

THERAPEUTIC ADVANCES in

Hematology

Volume 14

Visit SAGE journals online
journals.sagepub.com/
home/tah

SSAGE journals

22.

23.

24.

25.

26.

27.

28.

Woldeamanuel GG and Wondimu DH.
Prevalence of thrombocytopenia before and
after initiation of HAART among HIV infected
patients at black lion specialized hospital, Addis
Ababa, Ethiopia: a cross sectional study. BMC
Hematol 2018; 18: 9.

Fekene TE, Juhar LH, Mengesha CH, er al.
Prevalence of cytopenias in both HAART and
HAART naive HIV infected adult patients in
Ethiopia: a cross sectional study. BMC Hematol
2018; 18: 8.

Eyongabane Ako S, Njunda LA, Akum EA,

et al. Hematological related disorders and
transfusion of HIV patients on highly active
antiretroviral therapy (HAART) in the South
West Region of Cameroon: hematological
monitory parameters for HIV follow-up. ¥ HIV
Retro Virus 2018; 4: 5.

Assinger A. Platelets and infection — an emerging
role of platelets in viral infection. Front Immunol
2014; 5: 649.

Lebrun D, Hentzien M, Cuzin L, er al.
Epidemiology of autoimmune and inflammatory
diseases in a French nationwide HIV cohort.
AIDS 20175 31: 2159-2166.

Ciernik IF, Cone RW, Fehr ], er al. Impaired
liver function and retroviral activity are

risk factors contributing to HIV-associated
thrombocytopenia. Swiss HIV cohort study.
AIDS 1999; 13: 1913-1920.

Li B, Zhang L, Liu Y, er al. Manifestations and
related risk factors of thrombocyte abnormalities
in HIV-positive patients before and after the
initiation of ART. Infect Drug Resist 2021; 14:
4809-4819.

. Marchionatti A and Parisi MM. Anemia and

thrombocytopenia in people living with HIV/
AIDS: a narrative literature review. Int Health
2021; 13: 98-109.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

Vishnu P and Aboulafia DM. Haematological
manifestations of human immune deficiency virus
infection. Br ¥ Haematol 2015; 171: 695-709.

Greco E, Lupia E, Bosco O, er al. Platelets and
multi-organ failure in sepsis. Inz ¥ Mol Sci 2017;
18: 2200.

Dhurve SA and Dhurve AS. Bone marrow
abnormalities in HIV disease. Mediterr ¥ Hematol
Infect Dis 2013; 5: €2013033.

Tsukamoto T. Hematopoietic stem/progenitor
cells and the pathogenesis of HIV/AIDS. Front
Cell Infect Microbiol 2020; 10: 60.

Munyazesa E, Emile I, Mutimura E, ez al.
Assessment of haematological parameters in HIV-
infected and uninfected Rwandan women: a cross-
sectional study. BM¥ Open 2012; 2: ¢001600.

Ballem PJ, Belzberg A, Devine DV, ez al. Kinetic
studies of the mechanism of thrombocytopenia
in patients with human immunodeficiency virus
infection. N Engl ¥ Med 1992; 327: 1779-1784.

Gibellini D, Clo A, Morini S, et al. Effects

of human immunodeficiency virus on the
erythrocyte and megakaryocyte lineages. World ¥
Virol 20135 2: 91-101.

Passos AM, Treitinger A and Spada C. An
overview of the mechanisms of HIV-related
thrombocytopenia. Acta Haematol 2010; 124:
13-18.

Scaradavou A. HIV-related thrombocytopenia.
Blood Rev 20025 16: 73-76.

Huibers MHW, Bates I, McKew S, er al. Severe
anaemia complicating HIV in Malawi; multiple
co-existing aetiologies are associated with high
mortality. PLoS ONE 2020; 15: e0218695.

Fangman JJ and Scadden DT. Anemia in HIV-
infected adults: epidemiology, pathogenesis, and
clinical management. Curr Hematol Rep 2005; 4:
95-102.

journals.sagepub.com/home/tah


https://journals.sagepub.com/home/tah

