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Abstract

Several studies reported hematological abnormalities after vaccination against the

coronavirus disease 2019 (COVID-19). We evaluated the association between

COVID-19 vaccines (CoronaVac and BNT162b2) and hematological abnormalities.

We conducted nested case–control and self-controlled case series analyses using the

data from the Hong Kong Hospital Authority and the Department of Health, HKSAR.

Outcomes of interest were thrombocytopenia, leukopenia, and neutropenia. Adjusted

odds ratios (aORs), incidence rate ratios (IRRs), and 95% confidence intervals (CIs)

were estimated using conditional logistic regression. In total, 1 643 419 people

received COVID-19 vaccination (738 609 CoronaVac; 904 810 BNT162b2). We

identified 457 and 422 cases after CoronaVac and BNT162b2 vaccination, respec-

tively. For CoronaVac, the incidence of thrombocytopenia, leukopenia, and neutrope-

nia was 2.51, 1.08, and 0.15 per 10 000 doses. For BNT162b2, the corresponding

incidence was 1.39, 1.17, and 0.26 per 10 000 doses. The incidence per 10 000

COVID-19 cases were 1254, 2341, and 884, respectively. We only observed an

increased risk of leukopenia following the second dose of BNT162b2 (aOR 1.58, 95%

CI 1.24–2.02; day 0–14, IRR 2.21; 95% CI 1.59–3.08). There was no increased risk of

Received: 4 November 2021 Revised: 13 January 2022 Accepted: 21 January 2022

DOI: 10.1002/ajh.26478

This is an open access article under the terms of the Creative Commons Attribution License, which permits use, distribution and reproduction in any medium,

provided the original work is properly cited.

© 2022 The Authors. American Journal of Hematology published by Wiley Periodicals LLC.

470 Am J Hematol. 2022;97:470–480.wileyonlinelibrary.com/journal/ajh

https://orcid.org/0000-0002-2180-3676
https://orcid.org/0000-0001-9975-8687
https://orcid.org/0000-0001-8242-0014
mailto:wongick@hku.hk
mailto:lung1212@hku.hk
http://creativecommons.org/licenses/by/4.0/
http://wileyonlinelibrary.com/journal/ajh
http://crossmark.crossref.org/dialog/?doi=10.1002%2Fajh.26478&domain=pdf&date_stamp=2022-02-09


any hematological abnormalities after CoronaVac vaccination. We observed an

increased risk of leukopenia shortly after the second dose of BNT162b2. However,

the incidence was much lower than the incidence following severe acute respiratory

syndrome coronavirus 2 (SARS-CoV-2) infections. There was no association between

CoronaVac and hematological abnormalities. The benefits of vaccination against

COVID-19 still outweigh the risk of hematological abnormalities.

1 | INTRODUCTION

The coronavirus disease 2019 (COVID-19) pandemic has infected

over 209 million people and caused more than 4.3 million deaths

worldwide, as of August 2021.1 Vaccination is considered the most

effective mean of controlling the pandemic. Traditional inactivated

vaccines2,3 and new viral vector–mRNA vaccines4,5 have been devel-

oped with proven efficacy against COVID-19 infections, hospitaliza-

tion, and mortality.6–8 Many countries have authorized the emergency

use of the vaccines and started a national program of COVID-19

vaccination.

However, the safety of the COVID-19 vaccines has been a major

concern to the public, resulting in vaccine hesitancy, especially those

developed by the new mRNA technology. Several case series reported

hematological abnormalities, including thrombocytopenia and immune

thrombocytopenic purpura (ITP) after vector-based (e.g., ChAdOx1

nCoV-19)9,10 or mRNA-based (e.g., BNT162b2) vaccination.11,12 The

phase 1 and 2 clinical trials of ChAdOx1 nCoV-19 vaccine from

AstraZeneca observed transient neutropenia in 46% of the recipi-

ents.4 These findings indicated that the vaccines may trigger the

immune response affecting the blood system.

Given that hematological abnormalities may result in life-threaten-

ing complications, estimating the risk of such serious adverse reactions

is important. Currently, there is no real-world study concerning the

hematological effects in inactivated vaccines, for example, CoronaVac.

Recent population-based studies13–15 only investigated the risk of

thrombocytopenia after COVID-19 vaccines. However, whether the

vaccines are associated with other hematological abnormalities such as

decreased white blood cells (WBC) counts remains unknown. We con-

ducted a population-based study in Hong Kong to evaluate the associa-

tion between hematological abnormalities (including thrombocytopenia,

leukopenia, and neutropenia) and COVID-19 vaccines (CoronaVac and

BNT162b2), using nested case–control and self-controlled case series

(SCCS) analyses.

2 | MATERIAL AND METHODS

2.1 | Study design

We conducted nested case–control and SCCS analyses to evaluate

the association between COVID-19 vaccines and hematological

abnormalities using patients in the Hong Kong Hospital Authority

(HA). We also estimated the incidence of hematological abnormalities

in people receiving COVID-19 vaccination and people tested positive

in the SARS-CoV-2 test (COVID-19 cases), respectively. The mass

COVID-19 vaccination program in Hong Kong has broadly included

people from different sectors, including healthy individuals (the rollout

schedule is described in Table S1). Thus, people receiving vaccination

may be healthier than those without receiving vaccination. Such con-

cern has been acknowledged in the previous studies.13,14 We, there-

fore, conducted SCCS analysis, a within-individual comparison, to

further minimize such selection bias and control unmeasured con-

founding, in addition to the nested case–control analysis.16 SCCS can

be served as an internal validation for the results in the nested case–

control analysis.

2.2 | Data source

This study is part of the regulatory pharmacovigilance study

initiated by the Department of Health (DH) of the Government of

Hong Kong. Vaccination data were provided by the DH, which

included all people receiving the COVID-19 vaccine in Hong Kong.

The Hong Kong government manages the allocation of vaccines to

public and private sectors and tracks all individual vaccination

records. Thus, data quality and representatives can be guaranteed.

The data have been used to study the risk of Bell's palsy associated

with COVID-19 vaccines.17

Vaccination records were linked to the clinical data from the elec-

tronic healthcare database that is managed by the HA, a statutory

body that provides subsidized public healthcare services and serves

over 80% of the Hong Kong population.18 The database has been

used to conduct the safety study of COVID-19 vaccines17 and

pharmacoepidemiological studies.19–21 In this study, we acquired

anonymized patient-level data between January 1, 2018 and July

31, 2021.

2.3 | Study cohort

People aged ≥16 and who had ever used the HA service (inpatients,

outpatients, or emergency) between January 1, 2018 and July

31, 2021 were included. We excluded those who had any medical

conditions affecting the blood counts prior to the hematological

abnormality. These conditions included (i) history of the same
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hematological abnormality; (ii) history of cancer; (iii) recent chemo-

therapy, radiotherapy, or use of drugs for malignant disease and

immunosuppression within 90 days prior; and (iv) diseases affecting

the blood cells (myelodysplastic syndromes, iron–vitamin B12 defi-

ciency anemia, aplastic anemia, hypersplenism, chronic renal failure,

viral infection, alcohol abuse–alcoholic liver diseases). We further

excluded people with heparin use within 14 days prior to thrombo-

cytopenia.22 All diagnoses were defined by the International Classifi-

cation of Diseases, Ninth Revision codes, whereas prescriptions were

defined by British national formulary (BNF) or local drug codes

(Table S2).

2.4 | Vaccination

The COVID-19 Vaccination Program in Hong Kong provides free

administration of CoronaVac and BNT162b2 since February 23, 2021

and March 6, 2021, respectively.23 The recommended schedule after

the first dose is 28 days for CoronaVac and 21 days for BNT162b2.

Recipients can schedule their second dose vaccination as long as it is

not shorter than the recommended schedule. By July 2021, almost

60% of the Hong Kong population have received at least one dose of

the vaccine.23

2.5 | Outcome assessments

The outcomes of interest were thrombocytopenia, leukopenia, and

neutropenia. To identify the events, we reviewed the laboratory

records of platelet counts (<150 � 109/L for thrombocytopenia24),

total WBC counts (<4 � 109/L for leukopenia25), and neutrophil

counts (<1.5 � 109/L for neutropenia26) in people admitted to hospi-

tals between February 23, 2021 and July 31, 2021. Given that hema-

tological abnormalities could be asymptomatic, we reviewed the

laboratory records 7 days before–after admission to identify the onset

time of the event. The index date was the date of the first laboratory

record fulfilling the outcome definition.

2.6 | Incidence of hematological abnormalities

Incidence was defined as new onset of hematological abnormality since

2018. Apart from the incidence per vaccine doses administered, we also

estimated the incidence per COVID-19 cases from January 23, 2020

(the first COVID-19 case in Hong Kong) to July 31, 2021. Cases were

defined as the onset of the event within 28 days following vaccination

or positive result of the SARS-CoV-2 test. We used 28 days as the time

period to define cases, which is in line with the published literatures.13,14

Follow-up was censored on 28 days, date of death, end of the study

period, whichever occurred earlier. For the first dose, follow-up was also

censored on the date of the second dose vaccination. Severe thrombo-

cytopenia and neutropenia may result in life-threatening complications

such as internal bleeding and serious infections. Therefore, we further

estimated the incidence for mild, moderate, and severe cases, according

to the corresponding blood counts (Platelet counts <100–150, 50–100,

<50 � 109/L, for thrombocytopenia27; Neutrophil counts <1 to <1.5,

0.5–1, <0.5 � 109/L, for neutropenia28).

2.7 | Nested case–control analysis

People who had the outcome of interest were considered cases. Con-

trols were those who were admitted to hospitals during the study

period and had not yet experienced the outcome of interest. The

index date for control was defined as the admission date. Exclusion

criteria for controls were the same as the study cohort aforemen-

tioned. To minimize selection bias from healthier vaccine recipients,

we further excluded people who were ever admitted to hospitals in

the past 3 years. We matched cases and controls by age, sex, index

date (±7 days), and the Charlson's comorbidity index (0, 1–2, 3–4, ≥5)

at a ratio of 1:10, using random sampling with replacement. Cases

with less than 10 matched controls were excluded.

Exposure of interest was the receipt of either CoronaVac or

BNT162b2 within 28 days14,15 prior to the index date. Those who

received the vaccine ≥28 days earlier than the index date were

excluded. We evaluated the vaccine effect by dose. Cases that

occurred within 28 days of the first dose and before the second dose

were included for the analysis of first dose effect, whereas cases that

occurred within 28 days of the second dose were included for the

analysis of second dose effect.

2.8 | SCCS analysis

In the study cohort, people who had the outcome of interest were

included in the SCCS analysis. Observation period of an individual

started from February 23, 2021 to July 31, 2021. For vaccinated peo-

ple, the date of vaccination was considered day 0. A risk period was

defined as the period from days 0–27 following the vaccination, which

was stratified into days 0–13 and days 14–27. Control period was any

other nonrisk periods within the observation period. Figure S1 illus-

trates the schema of SCCS design.

To ensure unbiased estimates, three assumptions should be

met16: (1) events must be independently recurrent; (2) occurrence of

an event should not affect subsequent exposure; and (3) events

should not censor observation period. Thus, only first event was

included because recurrent events could be dependent (violation of

assumption 1). In addition, people with previous hematological abnor-

malities were unlikely to receive the vaccine (violation of assumption

2). Similarly, events that occurred after the first dose may decrease

the probability of second dose vaccination. Thus, we applied the mod-

ified SCCS extension “eventdepenexp” in the R-package “SCCS,”
which is designed to fit the model with event-dependent exposures.29

Cases without vaccination were included in the extension model for

adjustment. Furthermore, we excluded people who died during the

study (violation of assumption 3).
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2.9 | Statistical analysis

2.9.1 | Incidence rate of hematological
abnormalities

The numerator was the total number of cases after the first or second

dose. The denominator was the number of doses administered or

COVID-19 cases. Incidence rate (IR) and 95% confidence intervals

(CIs) were estimated using Poisson regression.

2.9.2 | Nested case–control analysis

Conditional logistic regression stratified by match pairs was used.

Standardized mean difference (SMD) of the baseline variables

between matched cases and controls were calculated, and those with

SMD <0.2 were adjusted in the model. The model was further

adjusted for confounding variables,30,31 which included the medical

history of diabetes, hypertension, rheumatoid arthritis, systemic lupus

erythematosus, psoriasis, thyroid disorders, moderate–server liver

TABLE 1 People characteristics in nested case–control analysis after matching

Thrombocytopenia Leukopenia Neutropenia

Control Case SMDa Control Case SMD Control Case SMD

People, n 52 394 5538 18 310 1947 3284 349

Mean age at onset (SD) 66 (19.7) 65 (19.5) 0.016 57 (19.3) 56 (19.0) 0.009 52 (19.8) 51 (19.7) 0.005

Male, n (%) 27 130 (51.8) 2911 (52.6) 0.016 6602 (36.1) 706 (36.3) 0.004 1085 (33.0) 118 (33.8) 0.016

Charlson's comorbidity

index

0.010 0.010 0.004

0 36 251 (69.2) 3858 (69.7) 14 852 (81.1) 1587 (81.5) 0 (0.0) 0 (0.0)

1–2 16 069 (30.7) 1672 (30.2) 3439 (18.8) 358 (18.4) 475 (14.5) 50 (14.3)

3–4 74 (0.1) 8 (0.1) 19 (0.1) 2 (0.1) 0 (0.0) 0 (0.0)

≥5 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)

Medical history

Congestive heart

failure

887 (1.7) 160 (2.9) 0.080 207 (1.1) 35 (1.8) 0.056 21 (0.6) 6 (1.7) 0.100

Hypertension 18 934 (36.1) 1590 (28.7) 0.159 4697 (25.7) 354 (18.2) 0.181 706 (21.5) 43 (12.3) 0.247

Vascular disease 3536 (6.7) 398 (7.2) 0.017 793 (4.3) 72 (3.7) 0.032 117 (3.6) 7 (2.0) 0.095

Ischemic stroke 1933 (3.7) 177 (3.2) 0.027 394 (2.2) 21 (1.1) 0.085 54 (1.6) 4 (1.1) 0.042

Diabetes 10 856 (20.7) 981 (17.7) 0.076 2284 (12.5) 197 (10.1) 0.074 349 (10.6) 28 (8.0) 0.090

COPD 1513 (2.9) 97 (1.8) 0.076 359 (2.0) 38 (2.0) 0.001 34 (1.0) 5 (1.4) 0.036

Moderate–severe liver

disease

0 (0.0) 4 (0.1) 0.038 0 (0.0) 0 (0.0) <0.001 0 (0.0) 0 (0.0) <0.001

Rheumatoid arthritis

and SLE

135 (0.3) 12 (0.2) 0.008 42 (0.2) 21 (1.1) 0.106 5 (0.2) 5 (1.4) 0.145

Hyper�hypo-

thyroidism

911 (1.7) 121 (2.2) 0.032 370 (2.0) 74 (3.8) 0.106 54 (1.6) 29 (8.3) 0.310

Recent prescription (90 days prior)

Lipid-lowering agents 14 389 (27.5) 1260 (22.8) 0.109 3231 (17.6) 251 (12.9) 0.132 461 (14.0) 27 (7.7) 0.203

Anti-arrhythmic drugs 77 (0.1) 58 (1.0) 0.117 19 (0.1) 5 (0.3) 0.036 4 (0.1) 1 (0.3) 0.037

Oral anticoagulants 717 (1.4) 82 (1.5) 0.009 220 (1.2) 15 (0.8) 0.044 29 (0.9) 7 (2.0) 0.094

Antiplatelets 7272 (13.9) 756 (13.7) 0.007 1495 (8.2) 157 (8.1) 0.004 216 (6.6) 21 (6.0) 0.023

Antidepressants 2419 (4.6) 208 (3.8) 0.043 842 (4.6) 74 (3.8) 0.040 147 (4.5) 19 (5.4) 0.045

NSAIDs 3322 (6.3) 326 (5.9) 0.019 1303 (7.1) 153 (7.9) 0.028 228 (6.9) 38 (10.9) 0.139

Antiepileptic drugs 1028 (2.0) 200 (3.6) 0.100 363 (2.0) 42 (2.2) 0.012 88 (2.7) 4 (1.1) 0.112

Antithyroid drugs 188 (0.4) 17 (0.3) 0.009 70 (0.4) 15 (0.8) 0.051 15 (0.5) 8 (2.3) 0.158

Abbreviations: COPD, chronic obstructive pulmonary disease; NSAID, nonsteroidal anti-inflammatory drugs; SLE, systemic lupus erythematosus; SMD

standardized mean difference.
aVariables with SMD <0.2 were further adjusted in the model.
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diseases; recent (90 days prior) prescription of lipid-lowering agents,

antiepileptic drugs, diuretics, oral anticoagulants, nonsteroidal anti-

inflammatory drugs, antithyroid drugs, antidepressants, antiplatelet

drugs, and anti-arrhythmia drugs.

2.9.3 | SCCS analysis

The IRs of hematological abnormalities between the risk and control

periods were compared. Incidence rate ratios (IRRs) and 95% CIs were

estimated using conditional logistic regression. Seasonal effect was

adjusted for each month.

2.9.4 | Sample size calculation

Simpson et al.14 reported an adjusted relative risk of 2.8 for thrombo-

cytopenia in the nested case–control analysis and an IRR of 1.98 for

ITP in the SCCS analysis. Based on these estimates and the 60% of

the vaccinated population in Hong Kong, 45 cases and 450 controls

(1–10 match) are required in the nested case–control analysis,

whereas 155 cases were required in the SCCS analysis to achieve 80%

statistical power to detect association at 0.05 significance level.

2.9.5 | Additional analysis

Given that most thrombocytopenic events were reported among peo-

ple aged <60,9,32 we conducted subgroup analysis stratified by age

<60 years and age ≥60 years. In addition, we conducted an additional

analysis by excluding COVID-19 cases. Furthermore, to investigate

any delayed onset of hematological abnormality beyond 28 days, we

used a longer time period of 84 days to define cases associated with

the second dose vaccination, while the time period for the first dose

vaccination remained unchanged because people have generally

received the second dose 21 and 28 days after the first dose for

BNT162b2 and CoronaVac, respectively, as recommended by the

manufacturers.

The statistical analyses were done by two researchers (C.W.S and

C.T.L.T) independently using R software version 3.6.1 and their

results were cross-checked. A two-tailed p-value <.05 was considered

significant.

3 | RESULTS

In total, we identified 3 983 529 people aged 16–120 years who

used the HA service. Of these, 1 643 419 people received at least

one dose of COVID-19 vaccine (738 609 CoronaVac; 904 810

BNT162b2) and 74.2% of them received the second dose (75.1%

CoronaVac; 73.4% BNT162b2). Compared to BNT162b2, the pro-

portion of elderly in people receiving CoronaVac was higher (age

≥60: 31.3% in CoronaVac vs. 27.0% in BNT162b2), whereas the sex

distribution was similar (men: 47.0% in CoronaVac vs. 45.5% in

BNT162b2). In the nested case–control analysis, 7086 cases and

46 899 controls were matched. The characteristics of matched cases

and controls are shown in Table 1. In SCCS analysis, 14 715 cases

(11 540 unvaccinated and 3175 vaccinated) were included. The

characteristics of these people are shown in Table 2. The screening

flow chart is shown in Figure S2. For sensitivity analysis using a lon-

ger time period, given a maximum follow-up period of 130 days for

the second dose vaccination, almost 90% of hematological abnor-

mality cases were captured within 84 days (Figure S3). Given the

small number of cases beyond 28 days, we split the risk period

beyond 28 days into two 4-week periods, that is, day 28–55 and

day 56–83 in the SCCS analysis.

TABLE 2 People characteristics in self-controlled case series analysis

Thrombocytopenia Unvaccinated CoronaVac BNT162b2

People, n 8571 1166 975

Mean age at onset (SD) 69 (19.7) 61 (15.4) 52 (17.9)

Aged <60, n (%) 2237 (26.1) 508 (43.6) 614 (63)

Male, n (%) 4116 (48) 715 (61.3) 549 (56.3)

Leukopenia

People, n 3396 550 655

Mean age at onset (SD) 66 (19.4) 57 (14.6) 47 (16.7)

Aged <60, n (%) 1168 (34.4) 313 (56.9) 482 (73.6)

Male, n (%) 1400 (41.2) 220 (40) 252 (38.5)

Neutropenia

People, n 686 95 160

Mean age at onset (SD) 62 (20.8) 54 (15.3) 43 (16.5)

Aged <60, n (%) 283 (41.3) 59 (62.1) 128 (80)

Male, n (%) 262 (38.2) 40 (42.1) 48 (30)
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3.1 | Incidence of hematological abnormalities

Among CoronaVac recipients, we identified 219 cases (146 thrombocyto-

penia, 64 leukopenia, and 9 neutropenia) within 28 days following the first

dose and 238 cases (160 thrombocytopenia, 68 leukopenia, and 10 neutro-

penia) within 28 days following the second dose. In total, the incidence

per 10 000 CoronaVac doses for thrombocytopenia, leukopenia, and neu-

tropenia were 2.51 (95% CI 2.24–2.81), 1.08 (95% CI 0.90–1.28), and

0.15 (95% CI 0.09–0.24), respectively. The incidence of thrombocytopenia

and neutropenia stratified by severity are shown in Table S3.

Among BNT162b2 recipients, we identified 151 cases (82 throm-

bocytopenia, 60 leukopenia, and 9 neutropenia) within 28 days fol-

lowing the first dose and 271 cases (126 thrombocytopenia,

114 leukopenia, and 31 neutropenia) within 28 days following the

second dose. The incidence per 10 000 BNT162b2 doses for

thrombocytopenia, leukopenia, and neutropenia were 1.39 (95% CI

1.21–1.59), 1.17 (95% CI 1–1.35), and 0.26 (95% CI 0.19–0.36),

respectively. The incidence of thrombocytopenia and neutropenia

stratified by severity were shown in Table S3.

We identified 11 277 COVID-19 cases. Of these, we observed

5053 cases (1415 thrombocytopenia, 2641 leukopenia, and 997 neu-

tropenia) within 28 days following the test. The incidence of thrombo-

cytopenia, leukopenia, and neutropenia per 10 000 COVID-19 cases

were 1254 (95% CI 1190–1322), 2341 (95% CI 2253–2433), and

884 (95% CI 830–941), respectively.

3.2 | Risk of thrombocytopenia

We included 5538 thrombocytopenia cases in the nested case–

control and 10 712 cases (8571 unvaccinated, 1166 CoronaVac,

975 BNT162b2) in the SCCS analysis. We did not observe any

increased risk of thrombocytopenia after CoronaVac in neither the

nested case–control (Table 3) nor SCCS analysis (Table 4). There was

TABLE 3 Association between
COVID-19 vaccines and hematological
abnormalities in nested case–control
analysis

Exposure Case Control Odds ratio (OR) (95% CI) Adjusteda OR (95% CI)

Thrombocytopenia

Events after first dose and before second dose

Not vaccinated 5059 45 924 1 1

CoronaVac 166 1377 1.05 (0.89–1.24) 1.07 (0.90–1.26)

BNT162b2 107 1203 0.76 (0.62–0.93) 0.75 (0.62–0.92)

Events after second dose

Not vaccinated 5059 45 335 1 1

CoronaVac 107 1019 0.89 (0.72–1.09) 0.88 (0.72–1.08)

BNT162b2 99 967 0.86 (0.70–1.06) 0.85 (0.69–1.05)

Leukopenia

Events after first dose and before second dose

Not vaccinated 1689 15 124 1 1

CoronaVac 68 579 1.02 (0.79–1.32) 1.01 (0.78–1.31)

BNT162b2 65 575 0.96 (0.74–1.25) 0.96 (0.74–1.25)

Events after second dose

Not vaccinated 1689 15 067 1 1

CoronaVac 42 408 0.89 (0.64–1.22) 0.88 (0.64–1.22)

BNT162b2 83 459 1.56 (1.22–1.98) 1.58 (1.24–2.02)

Neutropenia

Events after first dose and before second dose

Not vaccinated 297 2678 1 1

CoronaVac 9 99 0.80 (0.40–1.60) 0.73 (0.35–1.49)

BNT162b2 16 123 1.11 (0.64–1.92) 1.13 (0.65–1.98)

Events after second dose

Not vaccinated 297 2702 1 1

CoronaVac 6 65 0.81 (0.35–1.88) 0.83 (0.35–1.94)

BNT162b2 21 68 2.63 (1.58–4.38) 2.74 (1.63–4.61)

aModel adjusted for medical history of diabetes, hypertension, rheumatoid arthritis, systemic lupus

erythematosus, psoriasis, thyroid disorders, moderate–server liver diseases; recent (90 days prior)

prescription of lipid-lowering agents, antiepileptic drugs, diuretics, oral anticoagulants, nonsteroidal anti-

inflammatory drugs, antithyroid drugs, antipsychotic drugs, antiplatelet drugs, anti-arrhythmic drugs.
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a lower risk after the first dose of BNT162b2 in nested case–control

(aOR 0.75; 95% CI 0.62–0.92, Table 3) but not in SCCS analysis

(Table 4). Similar findings were shown in the subgroup (Tables S4–S7)

and additional analyses excluding COVD-19 cases (Tables S8 and S9).

In the sensitivity analysis examining the association beyond 28 days,

no increased risk was observed in the nested case–control and SCCS

analysis for both vaccines (Tables S10 and S11).

3.3 | Risk of leukopenia

In total, 1947 leukopenia cases were included in the nested case–

control and 4601 cases (3396 unvaccinated, 550 CoronaVac,

655 BNT162b2) in the SCCS analysis. There was no increased risk of

leukopenia following CoronaVac vaccination in neither the nested

case–control (Table 3) nor SCCS analysis (Table 4). In contrast, we

TABLE 4 Association between
COVID-19 vaccines and hematological
abnormalities in SCCS analysis

Risk period Event Person-years IR IRRa (95% CI)

Thrombocytopenia

CoronaVac

Control period 9371 4109.18 2.28

1st dose, day 0–13 103 39.38 2.62 1.04 (0.80–1.34)

1st dose, day 14–27 116 37.70 3.08 1.18 (0.93–1.50)

2nd dose, day 0–13 80 27.49 2.91 1.08 (0.80–1.46)

2nd dose, day 14–27 67 24.94 2.69 0.92 (0.68–1.25)

BNT162b2

Control period 9287 4060.01 2.29

1st dose, day 0–13 80 32.74 2.44 0.96 (0.72–1.28)

1st dose, day 14–27 59 21.62 2.73 1.00 (0.74–1.35)

2nd dose, day 0–13 75 22.07 3.40 1.19 (0.89–1.59)

2nd dose, day 14–27 45 19.11 2.35 0.79 (0.56–1.12)

Leukopenia

CoronaVac

Control period 3787 1658.28 2.28

1st dose, day 0–13 50 18.49 2.70 1.01 (0.69–1.47)

1st dose, day 14–27 46 17.26 2.67 0.90 (0.61–1.31)

2nd dose, day 0–13 33 12.42 2.66 0.95 (0.61–1.46)

2nd dose, day 14–27 30 11.33 2.65 0.90 (0.58–1.39)

BNT162b2

Control period 3838 1698.75 2.26

1st dose, day 0–13 64 21.75 2.94 1.22 (0.87–1.72)

1st dose, day 14–27 39 14.64 2.66 1.05 (0.72–1.52)

2nd dose, day 0–13 81 15.08 5.37 2.21 (1.59–3.08)

2nd dose, day 14–27 29 13.25 2.19 0.91 (0.58–1.42)

Neutropenia

CoronaVac

Control period 756 329.56 2.29

1st dose, day 0–13 12 3.19 3.76 1.31 (0.59–2.89)

1st dose, day 14–27 4 3.07 1.30 0.50 (0.18–1.37)

2nd dose, day 0–13 5 2.17 2.30 0.92 (0.33–2.52)

2nd dose, day 14–27 4 1.99 2.01 0.69 (0.22–2.15)

BNT162b2

Control period 801 352.16 2.27

1st dose, day 0–13 12 5.47 2.19 0.41 (0.15–1.09)

1st dose, day 14–27 6 3.55 1.69 0.28 (0.10–0.85)

2nd dose, day 0–13 19 3.81 4.99 1.10 (0.52–2.31)

2nd dose, day 14–27 8 3.29 2.43 0.60 (0.25–1.46)

Abbreviations: IR, incidence rate; IRR, incidence rate ratio; SCCS, self-controlled case series.
aIRR was estimated using modified SCCS extension “eventdepenexp” model.
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observed an increased risk of leukopenia following the second dose of

BNT162b2 in the nested case–control analysis (aOR 1.58; 95% CI

1.24–2.02, Table 3). In the SCCS analysis, we further found that the

increased risk was only significant within the first 2 weeks following

the second dose (IRR 2.21; 95% CI 1.59–3.08, Table 4). The associa-

tion remained significant after excluding COVID-19 cases (Tables S8

and S9). In subgroup analysis, we only observed similar results in peo-

ple aged <60 years but not in people aged ≥60 years (Tables S4–S7).

For the association beyond 28 days of vaccination, the findings in the

nested case–control analysis were similar to the main analysis

(Table S10). In the SCCS analysis, there was an increased risk on day

28–55 post second dose CoronaVac (IRR 2.15, 95% CI 1.25–3.71,

Table S11).

3.4 | Risk of neutropenia

We included 349 neutropenia cases in the nested case–control and

941 cases (686 unvaccinated, 95 CoronaVac, 160 BNT162b2) in

the SCCS analysis. We did not observe any increased risk of neu-

tropenia following CoronaVac vaccination in neither nested case–

control (Table 3) nor SCCS analysis (Table 4). There was an

increased risk after second dose of BNT162b2 in nested case–

control analysis (aOR 2.74, 95% CI 1.63–4.61, Table 3). However,

such association was not observed in the SCCS analysis (Table 4).

On the other hand, there was no association after the first dose of

BNT162b2 in the nested case–control analysis, but a lower risk was

observed in the SCCS analysis (day14-27, IRR 0.28, 95% CI 0.10–

0.85, Table 4). Similar results were obtained in the additional analy-

sis excluding COVID-19 cases and using a longer time period of

84 days (Tables S8–S11). In subgroup analysis, an increased risk was

observed only in people aged <60 in the nested case–control analy-

sis (Tables S4–S7).

4 | DISCUSSION

This real-world study showed an increased risk of leukopenia follow-

ing the second dose of BNT162b2 as shown in both nested

case–control and SCCS analyses. We observed an increased risk of

neutropenia following the second dose of BNT162b2 in the nested

case–control but not in the SCCS analysis. No association between

BNT162b2 and thrombocytopenia was identified. Similarly, there was

no association between CoronaVac and any hematological abnormali-

ties. To the best of our knowledge, this is the first real-world study

reporting the safety of CoronaVac regarding the hematological

abnormalities.

We reported an increased risk of leukopenia among people

receiving BNT162b2 vaccine for the first time. Leukopenia was not

previously reported in the clinical trial of BNT162b2 vaccine,5 which

is likely due to the limited sample size in the trial to detect rare

adverse events. There is no other published population-based study

investigating changes in WBC counts after COVID-19 vaccination.

Previous studies showed that the risk of thrombocytopenia

varied across COVID-19 vaccines. Pottegård et al.13 conducted a

population-based cohort study in Denmark and Norway. They found

that people receiving ChAdOx1-S/nCoV-19 vaccine had an increased

risk of thrombocytopenia with a standardized morbidity ratio of 3.02

(95% CI 1.76–4.83), compared to the general population. Similarly,

Simpson et al.14 reported an increased risk of ITP among 1.7 million

people receiving ChAdOx1-S/nCoV-19 vaccine in Scotland in both

nested case–control (aRR 5.77, 95% CI, 2.41–13.83) and SCCS analy-

sis (IRR 1.98, 95% CI, 1.29–3.02). A study in UK by Hippisley-Cox

et al.15 also supported the association. However, both Simpson et al.

and Hippisley-Cox et al. did not observe any association between

BNT162b2 vaccine and thrombocytopenia/ITP. These findings

suggested that the risk of thrombocytopenia seems to be elevated in

vector-based vaccines (e.g., ChAdOx1-S/nCoV-19), but not mRNA-

based (e.g., BNT162b2) vaccines. Our study further showed that such

association was not observed in inactivated vaccine (CoronaVac)

either. Notably, previous studies conducted by Simpson et al. and

Hippisley-Cox et al. only studied the first dose of the vaccine due to

the limited sample size in people receiving the second dose. Our study

further provided evidence of no association with thrombocytopenia in

the second dose. This finding was in line with the recently published

surveillance after COVID-19 mRNA vaccination.33

Most findings were consistent in the nested case–control and

SCCS analyses. However, we observed an increased risk of neutrope-

nia following BNT162b2 vaccination in the nested case–control but

not in the SCCS analysis. Indeed, nested case–control analysis could

have residual confounding that might bias the estimates. Therefore,

SCCS analysis was conducted to account for such residual con-

founding, and the results in the SCCS did not support the association

between risk of neutropenia and BNT162b2. Further investigation is

warranted to validate the findings.

The mechanism of leukopenia after BNT162b2 vaccination is

unclear. However, decreased WBC counts after influenza vaccination

was reported in early case reports,34,35 suggesting that the adverse

events could be due to a general immune response rather than a

vaccine-specific effect. In agreement with this hypothesis, the associa-

tion was only observed in the first 2 weeks of the second dose but

not in the first dose in our study. Indeed, a recent study in Hong Kong

by Lim et al.36 showed that the antibody concentrations after the sec-

ond dose of BNT162b2 increased substantially, compared with the

antibody concentrations after the first dose. This indicated that the

immune response after the second dose is stronger than the first

dose, which matches our findings. The increased risk observed in peo-

ple aged <60 years but not in people aged ≥60 years in our study fur-

ther supports the hypothesis for the mechanism as young adults

generally have stronger immune responses compared with the elderly.

Conversely, the immunogenicity of CoronaVac, as reported in Lim

et al., was much lower than that of BNT162b2. This could potentially

explain the null association in CoronaVac.

Neutrophils are the most abundant WBC. In this study, we

only observed a significant decrease in total WBC counts but not

neutrophil counts. This observation was similar to an early study by
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Cummins et al., which observed a significant decline in total WBC and

lymphocytes counts, but not in neutrophil counts after influenza vac-

cination.34 In the early phase study of the mRNA vaccine, decreases

in lymphocyte counts were observed in another vaccine candidate

BNT162b1.37 Thus, it is possible that the leukopenia after BNT162b2

was driven by lymphocytes rather than neutrophils. Since lympho-

cytes counts and other WBC counts data were not available, we can-

not investigate this hypothesis.

Low platelets–WBC counts could result in serious complications

such as internal bleeding and severe infections. However, our study

showed that the incidence of hematological abnormalities after

COVID-19 vaccination was rare with only 0.2–2.5 cases per 10 000

vaccine doses, which was much lower than that in COVID-19 cases

(884–2341 per 10 000 cases). In addition, a majority of thrombocyto-

penia (88.7%) and neutropenia (76.3%) were mild cases. These indi-

cated that the risk and severity of hematological abnormalities

following COVID-19 vaccination was minimal compared to COVID-19

infection.

In the sensitivity analysis, we further evaluated the association

beyond 28 days of vaccination. In SCCS analysis, an increased risk of

leukopenia was shown in day 28–55 post second dose CoronaVac but

not in the first 28 days. Such association was not reported in the

nested case–control analysis. Given the inconsistent findings in the

SCCS and nested case–control analysis, we cannot draw a conclusion

on the association 28–55 days post second dose. However, we can-

not rule out a possible late-onset of leukopenia after CoronaVac vac-

cination, which might be due to the suppression of bone marrow

resulting in the reduced production of WBC. Such adverse effect has

been reported for some medications such as anticonvulsants38 and

antipsychotics39 but rarely for vaccines. Thus, further studies are

warranted to validate the findings. In addition, the infection rate that

required hospitalization and multiple antibiotics was only 4.8% (data

not shown) out of these delayed leukopenia cases in CoronaVac

group, showing limited clinical significance even if the association is

valid.

Our study has several strengths. First, it provided real-world evi-

dence on the safety of COVID-19 vaccination, especially the

inactivated vaccine CoronaVac. Second, we used laboratory values to

ascertain the hematological abnormalities, which are more accurate

than using diagnosis codes. Third, most findings in nested case–

control and SCCS analysis were consistent, which could serve as an

internal validation of the results. However, there were limitations in

the study. First, we cannot exclude some ethnic groups, which are

more common to have benign neutropenia40 due to the unknown

information on ethnicity. However, we believed that this limitation

unlikely impacted the findings, given that ethnic minorities such as

Indonesians and Filipinos constitute only 8% of the total population in

Hong Kong.41 Second, the predominantly Chinese population in the

study cohort may limit the findings' generalizability to other

populations. Thus, replication of the study in other populations is

warranted. Third, the study was limited to vaccine recipients who

used HA service since 2018. Thus, the effects of the vaccines on

healthy individuals may not be captured. Fourth, we did not have

differential WBC counts other than neutrophils to investigate, which

cell types contributed to the leukopenia.

5 | CONCLUSION

We observed an increased risk of leukopenia shortly after the second

dose of BNT162b2, but the incidence was much lower than in people

with SARS-CoV-2 infection. We did not observe any risk of hemato-

logical abnormalities following CoronaVac vaccination. The findings

suggested that the beneficial effects of COVID-19 vaccines, Cor-

onaVac and BNT162b2, still outweigh the risk of hematological

abnormalities.
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