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Abstract

Objectives: To establish the incidence, risk factors and correlation with survival of 

thrombocytopenia and thrombocytosis (T/T) among children living with HIV infection (CLWH).

Design: A retrospective nested case control study of patients 0 – 18 years in five Baylor 

International Pediatric AIDS Initiative (BIPAI) centers in sub-Sahara Africa, 2004 – 2014.

Methods: Clinical and laboratory variables including complete blood counts (CBC) were 

extracted from the BIPAI electronic medical record system. Incident cases of T/T were identified 

and frequency-matched on follow-up time with controls with normal platelets. We calculated 

the prevalence and incidence density of T/T and used conditional logistic regression to evaluate 

their association with selected clinical variables. We constructed Kaplan-Meier curves and a Cox 

proportional hazards model to evaluate the impact of T/T on survival.

Results: 2,109 children were sampled. The incidence density of thrombocytopenia was 1 per 

57.9 (95%CI 50.3 – 66.8) CLWH-years. Thrombocytopenia was higher in children with WHO 

Stage III/IV, lower in children on Zidovudine, and had no association with use of lamivudine 

or nevirapine, CD4 suppression, age, and nutrition status. Thrombocytopenia was independently 

associated with 2.2-fold higher mortality (95%CI 1.62 – 3.08). The incidence density of 

thrombocytosis was 1 per 11.4 (95%CI 10.7 – 12.1) CLWH-years. Thrombocytosis was associated 

with higher CD4, younger age, and use of lamivudine or nevirapine, and did not impact survival.
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Conclusions: Platelet count is a clinically valuable biomarker of HIV clinical progression and 

mortality. Laboratory studies are necessary to elucidate the mechanisms of T/T.
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Introduction

Approximately 1.8 million children live with the Human Immunodeficiency Virus (HIV) 

infection worldwide, most of them (over 91%) are in sub-Sahara Africa (SSA) [1]. 

Significant progress has been made to improve the survival of children living with 

HIV infection (CLWH), with over half of this population now receiving combination 

antiretroviral therapy (ART) and a 41% decline in new infections since 2010 [2]. However, 

there were still an estimated 150,000 new cases of pediatric HIV in 2019. Although 

ART prevents many opportunistic infections in CLWH and ensures these children survive 

longer, non-infectious complications have become more prominent as a cause of death and 

morbidity [3–5]. Non-infectious complications in people with HIV infection and on ART 

are putatively attributed to direct adverse effects of ART agents, residual HIV reservoirs, 

and chronic immune activation[4]. In view of the central role of platelets in normal and 

pathological immune processes, we hypothesized that quantitative platelet abnormalities are 

common in CLWH on ART and may serve as biomarkers of HIV clinical progression and 

mortality.

Platelets are myeloid lineage cells produced by the bone marrow and have a primary role 

in hemostasis and thrombosis. Platelets also play a central role in the immune response [6]. 

Platelets store, respond, and release a milieu of cytokines and chemokines that orchestrate 

adaptive immune responses [7]. They also interact with leukocytes and vascular endothelium 

through intricate adaptive mechanisms to maintain inflammatory hemostasis or respond to 

pathogens and tissue injury [8–10]. Multiple mechanisms may be involved in quantitative 

platelet abnormalities and their complications in CLWH because of the pervasive impact 

of HIV infection and its treatment and sequelae on the immune system [11, 12]. Immune 

dysregulation may cause immune complexes, anti-platelet antibodies, or cross-reactive 

HIV antibodies targeting platelets and cause thrombocytopenia, while persistent immune 

activation may result in stimulation of thrombocytosis [13]. Thrombocytopenia may also 

arise from bone marrow suppression by HIV and other virus co-infections or by ART agents 

or from consumption and depletion of platelets in the setting of severe acute bacterial 

infections [14, 15]. Thrombocytosis is also associated with iron-deficiency that may be 

common in CLWH [14].

The aim of this study was to quantify the incidence of thrombocytopenia and thrombocytosis 

in a population of CLWH and on ART, identify factors associated with these quantitative 

platelet abnormalities, and determine their association with survival of CLWH in SSA.
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Materials and Methods

Study design and study population

We conducted a nested case control study of children with HIV and thrombocytopenia or 

thrombocytosis (T/T) (cases) and those without T/T (controls). Cases and controls were 

selected from an observational clinical cohort of children with HIV aged 0–18 years who 

initiated ART between January 2004 to December 2014 at five Baylor International Pediatric 

AIDS Initiative (BIPAI) centers in four SSA countries, namely Botswana (Gaborone), 

Malawi (Lilongwe), Tanzania (Mwanza and Mbeya), and Uganda (Kampala) [16]. Complete 

blood counts and other clinical data for these patients were managed using a standardized 

electronic medical record (EMR) system. Following diagnosis with HIV, children in the 

clinical cohort were initiated on ART and provided comprehensive HIV care and treatment 

following respective country guidelines that were developed in collaboration with BIPAI. 

Since 2008, the standard practice was to commence all children on ART once a diagnosis 

of HIV is made. Children were followed longitudinally with routine and sick clinic visits. 

Complete blood counts (CBC) were performed periodically as clinically indicated using 

automated CBC analyzers. Some patients had platelet counts only as a follow up assay 

following an abnormal complete blood count. We used a nested case-control design for this 

analysis to reduce bias from missing information on some cases and controls, particularly 

from the earlier periods of the clinical cohort when clinical data recording was more 

variable.

Cases and controls

Cases and controls were identified from the BIPAI EMR by extracting automated CBC 

for patients below 18 years of age. There were two case groups, namely, CLWH that had 

thrombocytopenia and CLWH that had thrombocytosis. Thrombocytopenia was defined as 

platelet counts less than 150,000 cells per μL and thrombocytosis as platelet counts more 

than 450,000 cells per μL, on two or more CBC/platelet checks.[17] Thrombocytopenia 

was further stratified by severity as follows: Mild if <150,000 and ≥100,000, Moderate for 

<100,000 and ≥50,000, and Severe if <50,000 cells per μL. Controls were children with HIV 

infection but no instance of T/T through the course of their care at the BIPAI Center.

Children who were diagnosed with T/T after 3 months were considered incident, while 

those that had T/T within 3 months (wash-out period) of enrolment into HIV care were 

considered prevalent cases and were eliminated from this analysis. All incident T/T cases 

were included, and they were frequency-matched to controls. Controls were randomly 

selected from the risk set of children without T/T that matched on follow-up time.

Study variables

All incident cases and controls were retrospectively followed for vital status from enrolment 

into HIV care at the BIPAI Center until 31st December 2014. Children were censored at the 

date of death or last attendance at the BIPAI center if they had no T/T by 31st December 

2014. The maximum possible follow-up time for an individual child in the cohort was 11 

years. The following covariates were automatically extracted from the EMR on all cases and 

controls at all time points they were available: age, sex, date of enrollment at BIPAI center, 

Lubega et al. Page 3

AIDS. Author manuscript; available in PMC 2024 March 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



date of first incident of T/T, date of death, names of ART agents, WHO HIV/AIDS clinical 

Stage at diagnosis, CD4 lymphocyte counts/percentages, height, and weight.

Data cleaning and organization

Extracted data was electronically transferred and collated in Microsoft Excel version 16.16.3 

(Redmond, WA) before being imported into SAS version 9.4 (Cary, NC) for further curation, 

organization, and analysis. Coded variables were converted to text based on a standard 

pre-defined variable codebook. Data were then checked for duplicates, and any duplicates 

were removed. New derivative variables were computed from raw data, e.g., survival time 

was calculated from date of enrolment into HIV care and date of death. Where applicable, 

continuous variables (e.g., age, CD4 counts, platelet counts) and ordinal variables (e.g., year 

of enrollment) were consolidated into logical categories (e.g., age groups and severity of 

thrombocytopenia). Particularly, CD4 lymphocyte levels were categorized as defined by the 

World Health Organization (Supplementary Table 1) [18]. Nutritional status was calculated 

and categorized using z-scores for weight-for-length/height and BMI-for-age, as defined by 

the World Health Organization [19].

Statistical analysis

We calculated the incidence density and risk factors associated with each of 

thrombocytopenia and thrombocytosis. To evaluate the association of putative risk factors 

and these quantitative platelet abnormalities, we used conditional logistic regression to 

compute odds ratios (unadjusted and adjusted – where applicable). We calculated relative 

risks of death at 1, 5 and 10-year time points and used Gray’s test to assess whether 

incidence density curves were the same or different at all time points. We also performed 

Kaplan-Meier survival analysis to create survival curves and a Cox proportional hazard 

model to estimate hazard ratios of 10-year overall survival by T/T including by severity 

of thrombocytopenia. To estimate the precision of associations and the robustness of 

the statistical models, we computed 95% confidence intervals and p-values, which were 

considered robust if p-value <0.05.

Ethical review

Ethical approval was obtained from the relevant institutional review boards (IRBs) in 

Botswana (#PPME 13/18), Malawi (#740), Tanzania (#GB.152/377 and #MR/53/100), and 

Uganda (#2009–090), and from Baylor College of Medicine (H-25403, H-27755, H-32491 

and H-32678, and H-26616, respectively). Informed consent was waived by the respective 

IRBs in view of a retrospective study design using deidentified patient information.

Results

Clinical characteristics of the nested cohort

We sampled 2,109 CLWH enrolled at the five BIPAI centers between January 2004 to 

December 2014 and had at least one CBC result in the EMR during this period. We excluded 

patients that did not have any CBC in the EMR (342, 13.8%) and those that had key missing 

variables (130, 5.3%). The demographic and clinical characteristics of the nested case 

control cohort are summarized in Table 1. Cases of thrombocytosis and thrombocytopenia 
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were adequately matched with controls on follow-up time. The incidence density of 

thrombocytosis was 1 per 11.4 (95%CI 10.7 – 12.1) CLWH-years, while the incidence 

density of thrombocytopenia was 1 per 57.9 (95%CI 50.3 – 66.8) CLWH-years, respectively. 

The proportion of severe thrombocytopenia was 30.5% (95%CI 24.5% - 37.8%) among 

those with thrombocytopenia. In this cohort, children with thrombocytopenia had the most 

CBC checks (median=12), followed by those with thrombocytosis (median=9); those with 

no platelet abnormalities had the least CBC checks (median=3). The first occurrence of T/T 

was mostly among children 5 – 12 years (Supplemental Table 2). In most cases, children 

with T/T also had other blood cell abnormalities, most commonly anemia, which occurred in 

72% of those with thrombocytopenia and 68% of those with thrombocytosis.

Risk factors of thrombocytopenia in CLWH

The association of risk factors of interest with thrombocytopenia is summarized in Table 

2. Advanced WHO Stage (III/IV) was the only clinical factor associated with higher 

risk of thrombocytopenia (aOR 2.5, 95%CI 1.6 – 3.9, p<0.001). CD4 cell suppression, 

malnutrition and age were not associated with thrombocytopenia. On the other hand, use 

of Zidovudine had the most negative (protective) association with thrombocytopenia (aOR 

0.5, 95%CI 0.3 – 0.6, p<0.001), while Nevirapine and Lamivudine had no association with 

thrombocytopenia.

In those with severe thrombocytopenia (Supplemental Table 3), WHO Stage III/IV was still 

linked to the presence of severe thrombocytopenia (aOR 2.9, 95%CI 1.3 – 6.6, p=0.010). 

Additionally, using Nevirapine, and all age groups less than 12 years were associated with 

severe thrombocytopenia. On the other hand, Zidovudine had an even stronger protective 

effect (aOR 0.3, 95%CI 0.2 – 0.6, p<0.001).

Thrombocytopenia and survival of CLWH

Thrombocytopenia was associated with a relative risk of death of 1.9, 2.8, and 2.8 at 1 year, 

5 years, and 10 years from the first occurrence of thrombocytopenia (Gray’s test p<0.001). 

CLWH and thrombocytopenia had 2.2-fold higher hazards of mortality (95%CI 1.6 – 3.1), 

p < 0.001), after adjusting for severity of CD4 nadir, WHO Stage, and use of Zidovudine 

(Figure 1). Stratified analysis by severity of thrombocytopenia showed increasing hazards of 

death with increasing severity of thrombocytopenia: aHR 3.6 (95%CI 2.4 – 5.7, p<0.001) for 

severe thrombocytopenia, 2.2 (95%CI 1.3 – 3.9, p=0.005) for moderate thrombocytopenia 

and 1.6 (95%CI 1.0 – 2.5, p=0.040) for mild thrombocytopenia (Supplemental Figure 1).

Risk factors of thrombocytosis in CLWH

The association of risk factors of interest with thrombocytosis is summarized in Table 3. 

Use of Lamivudine or Nevirapine in the ART regimen was associated with thrombocytosis. 

Compared to adolescents ≥12 years old, the incidence of thrombocytosis increased with 

lower age, i.e., aOR 3.3 (95%CI 2.1 – 5.3, p<0.001) for infants 0 – 1 year, aOR 2.6 

(95%CI 1.8 – 3.5, p<0.001) for 1 – 5 years old, and aOR 1.6 (95%CI 1.2 – 2.2, p<0.001) 

for 5 – 12 years old. All levels of CD4 suppression had a negative association with 

thrombocytosis. Use of Zidovudine, WHO Stage, and nutrition status all had no association 

with thrombocytosis.
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Thrombocytosis and survival of CLWH

Thrombocytosis was associated with 52% lower risk of death at 1 year but had no 

longer term survival advantage compared to children with normal platelet counts. Overall, 

after adjusting for severity of CD4 nadir, WHO HIV stage, and use of Zidovudine and 

Lamivudine, thrombocytosis did not significantly affect the hazards of 10-year survival 

(Figure 2).

Discussion

The aim of this study was to quantify the incidence of thrombocytopenia and thrombocytosis 

in a population of pediatric HIV patients on ART, identify factors associated with these 

quantitative platelet abnormalities in CLWH, and determine their association with survival 

of CLWH in SSA.

The incidence of thrombocytopenia in the general population of children without HIV 

infection is unknown because thrombocytopenia can be a clinically inapparent feature of 

a diverse variety of childhood diseases. However, the most common cause of isolated 

thrombocytopenia in children is immune thrombocytopenia (ITP) that has an incidence 

of 1 case per 23,810 person-years. [20] A few prior studies have reported the prevalence 

but not incidence of thrombocytopenia in children with HIV infection: Ellaurie M. et al 

(1986) reported that 13% of CLWH before the ART era had thrombocytopenia [21]. Other 

studies, including adolescents and adults with HIV infection have reported a prevalence of 

thrombocytopenia of 10 – 30% [5, 22], with thrombocytopenia associated with lower CD4 

levels while thrombocytosis was associated with ART [23, 24].

Thrombocytopenia was associated with higher short- and long-term mortality among 

CLWH, suggesting it can serve as a key biomarker of HIV-related opportunistic diseases 

or immune dysfunction that is readily available in clinical settings worldwide. The 

association of thrombocytopenia with WHO Stage III/IV and not CD4 suppression suggests 

that thrombocytopenia in CLWH is secondary to other AIDS-defining conditions, such 

as opportunistic infections and cancers, and not necessarily a marker of the prevailing 

underlying immune status. However, thrombocytopenia may still be an indicator of 

abnormal immune function that is not measurable by quantitative CD4 levels as used 

in this study. Hence, in future studies it is important to determine the mechanisms 

of thrombocytopenia (e.g., chronic ITP vs. consumptive destruction vs. bone marrow 

suppression) and their associations. The protective effect of Zidovudine (AZT) against 

thrombocytopenia is likely indicative of the high potency of AZT in controlling HIV load, 

restoring immune function and preventing HIV-related thrombocytopenia [25, 26].

Regarding thrombocytosis, it has been shown to occur in 14% of children with various 

infections in an ambulatory setting and is associated with younger age[27]. Ellaurie M. 

(2004) reported a prevalence of 6% in a cohort of 400 CLWH that were not on ART 
[13]. This study is the first to quantify the incidence of thrombocytosis in CLWH on ART, 

demonstrating that it is a very common feature, i.e., 1 per 11.4 CLWH-years.
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Thrombocytosis had no association with mortality in this cohort of CLWH. The tendency 

for younger children to develop thrombocytosis as part of an inflammatory response is an 

established phenomenon and was observed in this cohort as well [27]. Also, thrombocytosis 

was associated with favorable factors, including less CD4 suppression and ART i.e., 

Lamivudine and Nevirapine. The myelosuppressive effect of AZT may explain why this 

agent was not particularly associated with thrombocytosis [28]. Overall, these findings 

suggest that thrombocytosis may indicate preservation or restoration of a robust immune 

response to chronic antigenic stimulation in CLWH. However, although this may be a 

favorable effect with regards to immune surveillance against opportunistic diseases, it is 

possible that these CLWH and thrombocytosis are at increased risk for delayed morbidity 

and mortality from diseases associated with chronic immune hyperactivation in adulthood, 

such as malignancies and cardiovascular disease [29, 30].

The high rate of co-occurrence of anemia, leukopenia and/or leukocytosis with quantitative 

platelet abnormalities in CLWH also highlights the systemic impact of HIV and its 

treatment on the hematopoietic system. Many of the potential pathogenesis mechanisms 

of thrombocytopenia or thrombocytosis including infections, ART agents, immune 

dysregulation, and micronutrient deficiencies are known to affect multiple hematopoietic 

progenitors [22].

Limitations

This was a retrospective nested case control study that may have the limitations of 

retrospective designs, particularly bias due to missing data. We used a nested case-control 

instead of a retrospective cohort design to mitigate this potential bias and applied the 

most common sparse data-fitting methods for stratified logistic models, conditional logistic 

regression, to reduce sparse data bias.

Children with T/T had significantly more CBC checks than those without. It is possible 

that healthier children did not have CBCs checked to pick up occult platelet abnormalities. 

However, our primary independent variable of interest was the first incident of T/T. We 

also excluded from analysis the children (13.8%) who did not have any CBC in the 

EMR, and it is possible that these children were dissimilar from those that we studied. 

Additional contemporaneous clinical variables (e.g., viral loads, presence or absence of 

acute opportunistic infections) would be relevant to understand the likely underlying 

mechanisms and significance of the platelet abnormalities. However, due to absence of 

data on viral loads for most of the children and ambiguity or variability in the methods of 

diagnosis of opportunistic infections in the cohort we were unable to include these variables 

in this analysis.

We were unable to interrogate the causes of mortality in this cohort because the information 

was not available in the EMR. This would help to identify the possible links between 

thrombocytopenia and mortality in CLWH.

Conclusion

Children with thrombocytopenia should be identified and specifically investigated to 

evaluate the underlying cause of the thrombocytopenia because it is associated with higher 
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mortality. Biomarkers for long-term mortality are critically needed in children than adults 

since the latter are exposed to HIV and ART for longer periods (typically from birth) and 

at a time of many organ systems, including the hematopoietic system. Thrombocytopenia 

is associated with poor prognosis in the short- and long-term while thrombocytosis is not 

associated with increased mortality during childhood. Following up CLWH into adulthood 

will be important to determine the longer-term effect of thrombocytosis on morbidity and 

mortality related to sequelae of longstanding immune hyperactivation. Studies to examine 

the hematological effects of newer ART agents and regimens are also important. Most 

importantly, to guide the use of platelet counts as biomarkers for interventions that may 

reduce or prevent long-term morbidity and mortality in CLWH, it is critical to conduct 

laboratory studies to elucidate the pathophysiology mechanisms for thrombocytopenia and 

thrombocytosis and their sequelae in CLWH.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
Kaplan-Meier curves comparing 10-year survival of children living with HIV infection and 

with and without thrombocytopenia in the BIPAI cohort. Kaplan-Meier survival analysis was 

used to create survival curves and a Cox proportional hazard model to estimate hazard ratios 

of 10-year overall survival by presence of thrombocytopenia (red font survival curve, n = 

187) versus normal platelet counts (blue font survival curve, n = 839). Cross marks in the 

curves indicate the timing of censorship of the children upon death or loss to follow-up 

in the follow-up period. The adjusted hazard ratio (adjusted for nutrition status) associated 

with thrombocytopenia was 2.24, 95%CI 1.62 – 3.08, and p-value<0.001 (statistical model 

considered robust if p-value <0.05).
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Figure 2. 
Kaplan-Meier curves comparing 10-year survival of children living with HIV infection and 

with and without thrombocytosis in the BIPAI cohort. Kaplan-Meier survival analysis was 

used to create survival curves and a Cox proportional hazard model to estimate hazard 

ratios of 10-year overall survival by presence of thrombocytosis (red font survival curve, n 

= 953) versus normal platelet counts (blue font survival curve, n = 839). Cross marks in 

the curves indicate the timing of censorship of the children upon death or loss to follow-up 

in the follow-up period. The adjusted hazard ratio (adjusted for nutrition status) associated 

with thrombocytosis was 0.83, 95%CI 0.63 – 1.09, and p-value=0.177 (statistical model 

considered robust if p-value <0.05).

Lubega et al. Page 11

AIDS. Author manuscript; available in PMC 2024 March 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Lubega et al. Page 12

Ta
b

le
 1

D
em

og
ra

ph
ic

 a
nd

 c
lin

ic
al

 c
ha

ra
ct

er
is

tic
s 

of
 C

hi
ld

re
n 

w
ith

 T
hr

om
bo

cy
to

pe
ni

a/
T

hr
om

bo
cy

to
si

s 
an

d 
C

on
tr

ol
s 

in
 th

e 
B

IP
A

I 
ne

st
ed

 c
as

e 
co

nt
ro

l s
tu

dy

V
ar

ia
bl

e

Y
ea

r 
of

 R
eg

is
tr

at
io

n 
in

 B
IP

A
I,

 N
 (

%
)

20
04

 –
 2

00
8

10
46

 (
49

.6
%

)

20
08

 –
 2

01
4

10
63

 (
50

.4
%

)

Se
x,

 M
al

e 
N

 (
%

)

A
ll 

ch
ild

re
n 

(n
=

21
09

)
12

42
 (

58
.9

%
)

T
hr

om
bo

cy
to

pe
ni

a 
(n

=
18

7)
10

9 
(5

8.
3%

)

N
or

m
al

 p
la

te
le

t c
ou

nt
s 

(n
=

83
9)

48
1 

(5
7.

3%
)

T
hr

om
bo

cy
to

si
s 

(n
=

95
3)

56
0 

(5
8.

8%
)

A
ge

 a
t 

en
ro

llm
en

t 
in

to
 c

ar
e 

(M
ea

n 
(S

D
),

 M
ed

ia
n 

[r
an

ge
])

A
ll 

ch
ild

re
n 

(n
=

21
09

)
6.

6 
(4

.9
),

 5
.7

 [
0 

– 
18

]

T
hr

om
bo

cy
to

pe
ni

a 
(n

=
18

7)
6.

9 
(4

.6
),

 5
.9

 [
0.

1 
– 

17
.3

]

N
or

m
al

 p
la

te
le

t c
ou

nt
s 

(n
=

83
9)

7.
5 

(5
.0

),
 6

.9
 [

0 
– 

18
.0

]

T
hr

om
bo

cy
to

si
s 

(n
=

95
3)

5.
4 

(4
.4

),
 4

.3
 [

0 
– 

18
.0

]

F
ol

lo
w

-u
p 

ti
m

e 
(Y

ea
rs

) 
(M

ea
n 

(S
D

),
 M

ed
ia

n,
 [

ra
ng

e]
)

O
ve

ra
ll 

fo
llo

w
-u

p 
tim

e 
(n

=
21

09
)

5.
5 

(3
.5

),
 5

.5
 [

0 
– 

10
]

T
hr

om
bo

cy
to

pe
ni

a 
(n

=
18

7)
4.

6 
(3

.6
),

 3
.9

 [
0 

– 
10

]

N
or

m
al

 p
la

te
le

t c
ou

nt
s 

(n
=

83
9)

5.
1 

(3
.6

),
 4

.8
 [

0 
– 

10
]

T
hr

om
bo

cy
to

si
s 

(n
=

95
3)

5.
9 

(3
.3

),
 6

.3
 [

0 
– 

10
]

D
ur

at
io

n 
of

 A
R

T
 (

Y
ea

rs
) 

(M
ea

n 
(S

D
),

 M
ed

ia
n,

 [
ra

ng
e]

)

A
ll 

ch
ild

re
n 

(n
=

21
09

)
4.

5 
(3

.5
),

 4
.2

 [
0 

– 
10

]

AIDS. Author manuscript; available in PMC 2024 March 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Lubega et al. Page 13

V
ar

ia
bl

e

T
hr

om
bo

cy
to

pe
ni

a 
(n

=
18

7)
4.

1 
(3

.5
),

 3
.3

 [
0 

– 
10

]

N
or

m
al

 p
la

te
le

t c
ou

nt
s 

(n
=

83
9)

4.
5 

(3
.5

),
 3

.9
 [

0 
– 

10
]

T
hr

om
bo

cy
to

si
s 

(n
=

95
3)

5.
4 

(3
.2

),
 5

.5
 [

0 
– 

10
]

N
um

be
r 

of
 C

B
C

s 
pe

r 
pa

rt
ic

ip
an

t 
(M

ea
n 

(S
D

),
 M

ed
ia

n 
[r

an
ge

])

N
o 

C
B

C
 (

n 
=

 1
30

)
-

A
ll 

ch
ild

re
n 

w
ith

 C
B

C
 (

n=
19

79
)

7.
7 

(6
.9

),
 5

.0
 [

1 
– 

56
]

T
hr

om
bo

cy
to

pe
ni

a 
(n

=
18

7)
13

.9
 (

10
.0

),
 1

2.
0 

[2
 –

 5
6]

N
or

m
al

 p
la

te
le

t c
ou

nt
s 

(n
=

83
9)

5.
4 

(5
.4

),
 3

.0
 [

1 
– 

24
]

T
hr

om
bo

cy
to

si
s 

(n
=

95
3)

9.
9 

(7
.7

),
 9

.0
 (

1 
– 

56
)

A
R

T
 r

eg
im

en
, N

 (
%

)

 
A

ll 
ch

ild
re

n 
(n

=
19

79
)

L
am

iv
ud

in
e/

N
ev

ir
ap

in
e/

St
av

ud
in

e
63

7 
(3

2.
2%

)

L
am

iv
ud

in
e/

Z
id

ov
ud

in
e/

E
fa

vi
re

nz
42

7 
(2

1.
6%

)

L
am

iv
ud

in
e/

N
ev

ir
ap

in
e/

Z
id

ov
ud

in
e

37
2 

(1
8.

8%
)

O
th

er
s

54
3 

(2
7.

4%
)

 
T

hr
om

bo
cy

to
pe

ni
a 

(n
=

18
7)

L
am

iv
ud

in
e/

N
ev

ir
ap

in
e/

St
av

ud
in

e
87

 (
46

.5
%

)

L
am

iv
ud

in
e/

Z
id

ov
ud

in
e/

E
fa

vi
re

nz
27

 (
14

.4
%

)

L
am

iv
ud

in
e/

N
ev

ir
ap

in
e/

Z
id

ov
ud

in
e

19
 (

10
.2

%
)

O
th

er
s

54
 (

28
.9

%
)

 
N

or
m

al
 p

la
te

le
t c

ou
nt

s 
(n

=
83

9)
L

am
iv

ud
in

e/
N

ev
ir

ap
in

e/
St

av
ud

in
e

24
8 

(2
9.

6%
)

L
am

iv
ud

in
e/

Z
id

ov
ud

in
e/

E
fa

vi
re

nz
18

4 
(2

1.
9%

)

L
am

iv
ud

in
e/

N
ev

ir
ap

in
e/

Z
id

ov
ud

in
e

15
8 

(1
8.

8%
)

O
th

er
s

24
9 

(2
9.

7%
)

 
T

hr
om

bo
cy

to
si

s 
(n

=
95

3)
L

am
iv

ud
in

e/
N

ev
ir

ap
in

e/
St

av
ud

in
e

30
2 

(3
1.

7%
)

L
am

iv
ud

in
e/

Z
id

ov
ud

in
e/

E
fa

vi
re

nz
21

6 
(2

2.
7%

)

AIDS. Author manuscript; available in PMC 2024 March 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Lubega et al. Page 14

V
ar

ia
bl

e

L
am

iv
ud

in
e/

N
ev

ir
ap

in
e/

Z
id

ov
ud

in
e

19
5 

(2
0.

5%
)

O
th

er
s

24
0 

(2
5.

2%
)

B
IP

A
I 

– 
B

ay
lo

r 
In

te
rn

at
io

na
l P

ed
ia

tr
ic

 A
ID

S 
In

iti
at

iv
e

C
B

C
 –

 C
om

pl
et

e 
B

lo
od

 C
ou

nt

AIDS. Author manuscript; available in PMC 2024 March 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Lubega et al. Page 15

Ta
b

le
 2

R
is

k 
fa

ct
or

s 
as

so
ci

at
ed

 w
ith

 th
ro

m
bo

cy
to

pe
ni

a 
in

 c
hi

ld
re

n 
liv

in
g 

w
ith

 H
IV

 in
fe

ct
io

n 
in

 th
e 

B
IP

A
I 

co
ho

rt

R
is

k 
F

ac
to

r
T

hr
om

bo
cy

to
pe

ni
a,

 N
 (

%
)

N
or

m
al

 P
la

te
le

ts
 N

 (
%

)
O

dd
s 

R
at

io
 (

O
R

),
 (

95
%

C
I)

A
dj

us
te

d*
 O

R
, (

95
%

C
I)

N
ut

ri
ti

on
 S

ta
tu

s

 
N

or
m

al
 (

R
ef

)
10

6 
(5

6.
68

%
)

49
0 

(5
8.

40
%

)
-

 
M

ild
41

 (
21

.9
3%

)
16

1 
(1

9.
19

%
)

1.
28

, (
0.

79
 –

 1
.7

6)
N

/A

 
M

od
er

at
e

24
 (

12
.8

3%
)

88
 (

10
.4

9%
)

1.
26

1,
 (

0.
77

 –
 2

.0
7)

 
Se

ve
re

16
 (

8.
56

%
)

10
0 

(1
1.

92
%

)
0.

74
, (

0.
42

 –
 1

.3
1)

C
D

4 
N

ad
ir

 
N

or
m

al
 (

R
ef

)
25

 (
13

.8
1%

)
15

3 
(1

8.
59

%
)

 
M

ild
25

 (
13

.8
1%

)
12

4 
(1

5.
07

%
)

1.
23

, (
0.

68
 –

 2
.2

5)
1.

24
, (

0.
68

 –
 2

.2
7)

 
M

od
er

at
e

42
 (

23
.2

0%
)

20
1 

(2
4.

42
%

)
1.

28
, (

0.
75

 –
 2

.1
9)

1.
28

, (
0.

74
 –

 2
.1

9)

 
Se

ve
re

89
 (

49
.1

7%
)

34
5 

(4
1.

92
%

)
1.

58
, (

0.
97

 –
 2

.5
6)

1.
58

, (
0.

97
 –

 2
.5

6)

F
ir

st
 W

H
O

 S
ta

ge

 
I/

II
 (

R
ef

)
31

 (
25

.4
1%

)
27

9 
(4

4.
36

%
)

 
II

I/
IV

91
 (

74
.5

9%
)

35
0 

(5
5.

64
%

)
2.

34
, (

1.
51

 –
 3

.6
2)

**
2.

51
, (

1.
61

 –
 3

.9
2)

 *
*

Z
id

ov
ud

in
e 

in
 c

A
R

T

 
N

o 
Z

id
ov

ud
in

e
13

3 
(7

1.
12

%
)

44
9 

(5
3.

52
%

)

 
Z

id
ov

ud
in

e
54

 (
28

.8
8%

)
39

0 
(4

6.
48

%
)

0.
47

, (
0.

33
 –

 0
.6

6)
 *

*
0.

46
, (

0.
32

 –
 0

.6
4)

**

L
am

iv
ud

in
e 

in
 c

A
R

T

 
N

o 
L

am
iv

ud
in

e
16

 (
8.

56
%

)
76

 (
9.

06
%

)

 
L

am
iv

ud
in

e
17

1 
(9

1.
44

%
)

76
3 

(9
0.

94
%

)
1.

07
, (

0.
61

 –
 1

.8
7)

1.
06

, (
0.

60
 –

 1
.8

65
)

N
ev

ir
ap

in
e 

in
 c

A
R

T

 
N

o 
N

ev
ir

ap
in

e
77

 (
41

.1
8%

)
40

9 
(4

8.
75

%
)

 
N

ev
ir

ap
in

e
11

0 
(5

8.
82

%
)

43
0 

(5
1.

25
%

)
1.

36
, (

0.
99

 –
 1

.8
7)

1.
38

, (
1.

00
 –

 1
.9

0)

A
ge

 a
t 

1st
 T

hr
om

bo
cy

to
pe

ni
a

 
≥ 

12
 y

ea
rs

 (
R

ef
)

46
 (

26
.2

9%
)

20
7 

(3
3.

71
%

)

AIDS. Author manuscript; available in PMC 2024 March 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Lubega et al. Page 16

R
is

k 
F

ac
to

r
T

hr
om

bo
cy

to
pe

ni
a,

 N
 (

%
)

N
or

m
al

 P
la

te
le

ts
 N

 (
%

)
O

dd
s 

R
at

io
 (

O
R

),
 (

95
%

C
I)

A
dj

us
te

d*
 O

R
, (

95
%

C
I)

 
5 

– 
12

 y
ea

rs
69

 (
39

.4
3%

)
21

3 
(3

4.
69

%
)

1.
46

, (
0.

96
 –

 2
.2

2)
1.

43
, (

0.
94

 –
 2

.1
9)

 
1 

– 
5 

ye
ar

s
49

 (
28

.0
0%

)
16

4 
(2

6.
71

%
)

1.
34

, (
0.

86
 –

 2
.1

1)
1.

36
, (

0.
87

 –
 2

.1
5)

 
0 

– 
1 

ye
ar

s
11

 (
6.

29
%

)
30

 (
4.

89
%

)
1.

65
, (

0.
77

 –
 3

.5
3)

1.
79

, (
0.

83
 –

 3
.8

6)

* A
dj

us
te

d 
fo

r 
N

ut
ri

tio
na

l s
ta

tu
s

**
p-

va
lu

e 
<

0.
05

AIDS. Author manuscript; available in PMC 2024 March 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Lubega et al. Page 17

Ta
b

le
 3

R
is

k 
fa

ct
or

s 
as

so
ci

at
ed

 w
ith

 th
ro

m
bo

cy
to

si
s 

in
 c

hi
ld

re
n 

liv
in

g 
w

ith
 H

IV
 in

fe
ct

io
n 

in
 th

e 
B

IP
A

I 
co

ho
rt

R
is

k 
F

ac
to

r
T

hr
om

bo
cy

to
si

s,
 N

 (
%

)
N

or
m

al
 P

la
te

le
ts

 N
 (

%
)

O
dd

s 
R

at
io

 (
O

R
),

 (
95

C
I)

A
dj

us
te

d*
 O

R
, (

95
C

I)

N
ut

ri
ti

on

 
A

de
qu

at
e 

(R
ef

)
60

3 
(6

3.
27

%
)

49
0 

(5
8.

40
%

)

 
M

ild
18

8 
(1

9.
73

%
)

16
1 

(1
9.

19
%

)
1.

06
, (

0.
83

 –
 1

.3
4)

 
M

od
er

at
e

83
 (

8.
71

%
)

88
 (

10
.4

9%
)

1.
17

, (
0.

87
 –

 1
.5

9)
N

/A

 
Se

ve
re

79
 (

8.
29

%
)

10
0 

(1
1.

92
%

)
0.

83
, (

0.
61

 –
 1

.1
3)

C
D

4 
N

ad
ir

 
N

or
m

al
 (

R
ef

)
23

2 
(2

4.
55

%
)

15
3 

(1
8.

59
%

)

 
M

ild
12

0 
(1

2.
70

%
)

12
4 

(1
5.

07
%

)
0.

64
, (

0.
46

 –
 0

.8
8)

**
0.

64
, (

0.
46

 –
 0

.8
8)

**

 
M

od
er

at
e

19
8 

(2
0.

95
%

)
20

1 
(2

4.
42

%
)

0.
65

, (
0.

49
 –

 0
.8

6)
**

0.
65

, (
0.

49
 –

 0
.8

7)
**

 
Se

ve
re

39
5 

(4
1.

80
%

)
34

5 
(4

1.
92

%
)

0.
76

, (
0.

59
 –

 0
.9

7)
**

0.
75

, (
0.

59
 –

 0
.9

7)
**

F
ir

st
 W

H
O

 S
ta

ge

 
I/

II
26

4 
(4

0.
55

%
)

27
9 

(4
4.

36
%

)

 
II

I/
IV

38
7 

(5
9.

45
%

)
35

0 
(5

5.
64

%
)

1.
17

, (
0.

94
 –

 1
.4

6)
1.

20
, (

0.
96

 –
 1

.5
1)

Z
id

ov
ud

in
e 

in
 c

A
R

T

 
N

o 
Z

id
ov

ud
in

e
47

6 
(4

9.
95

%
)

44
9 

(5
3.

52
%

)

 
Z

id
ov

ud
in

e
47

7 
(5

0.
05

%
)

39
0 

(4
6.

48
%

)
1.

15
, (

0.
96

 –
 1

.3
9)

1.
15

, (
0.

96
 –

 1
.3

9)

L
am

iv
ud

in
e 

in
 c

A
R

T

 
N

o 
L

am
iv

ud
in

e
39

 (
4.

09
%

)
76

 (
9.

06
%

)

 
L

am
iv

ud
in

e
91

4 
(9

5.
91

%
)

76
3 

(9
0.

94
%

)
2.

33
, (

1.
57

 –
 3

.4
7)

**
2.

31
, (

1.
55

 –
 3

.4
5)

**

N
ev

ir
ap

in
e 

in
 c

A
R

T

 
N

o 
N

ev
ir

ap
in

e
41

9 
(4

3.
97

%
)

40
9 

(4
8.

75
%

)

 
N

ev
ir

ap
in

e
53

4 
(5

6.
03

%
)

43
0 

(5
1.

25
%

)
1.

21
, (

1.
01

 –
 1

.4
6)

**
1.

21
, (

1.
01

 –
 1

.4
6)

**

A
ge

 a
t 

1st
 T

hr
om

bo
cy

to
si

s

 
≥ 

12
 y

ea
rs

 (
R

ef
)

16
1 

(1
8.

99
%

)
20

7 
(3

3.
71

%
)

AIDS. Author manuscript; available in PMC 2024 March 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Lubega et al. Page 18

R
is

k 
F

ac
to

r
T

hr
om

bo
cy

to
si

s,
 N

 (
%

)
N

or
m

al
 P

la
te

le
ts

 N
 (

%
)

O
dd

s 
R

at
io

 (
O

R
),

 (
95

C
I)

A
dj

us
te

d*
 O

R
, (

95
C

I)

 
5 

– 
12

 y
ea

rs
27

9 
(3

2.
90

%
)

21
3 

(3
4.

69
%

)
1.

68
, (

1.
28

 –
 2

.2
1)

**
1.

64
, (

1.
25

 –
 2

.1
6)

**

 
1 

– 
5 

ye
ar

s
33

3 
(3

9.
27

%
)

16
4 

(2
6.

71
%

)
2.

61
, (

1.
98

 –
 3

.4
5)

**
2.

62
, (

1.
98

 –
 3

.4
6)

**

 
0 

– 
1 

ye
ar

s
75

 (
8.

84
%

)
30

 (
4.

89
%

)
3.

21
, (

2.
01

 –
 5

.1
5)

**
3.

31
, (

2.
06

 –
 5

.3
1)

**

* A
dj

us
te

d 
fo

r 
N

ut
ri

tio
na

l s
ta

tu
s

**
p-

va
lu

e 
<

0.
05

AIDS. Author manuscript; available in PMC 2024 March 01.


	Abstract
	Introduction
	Materials and Methods
	Study design and study population
	Cases and controls
	Study variables
	Data cleaning and organization
	Statistical analysis
	Ethical review

	Results
	Clinical characteristics of the nested cohort
	Risk factors of thrombocytopenia in CLWH
	Thrombocytopenia and survival of CLWH
	Risk factors of thrombocytosis in CLWH
	Thrombocytosis and survival of CLWH

	Discussion
	Limitations
	Conclusion

	References
	Figure 1
	Figure 2
	Table 1
	Table 2
	Table 3

