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Abstract: Vaccine hesitancy is a common issue for children with immune thrombocytopenia (ITP) in
China. The objective of this paper is to assess the immunization statuses of children with ITP, analyze
the possible relationship between immunization and thrombocytopenia, and evaluate the safety of
immunization after ITP remission. We included 186 children with an ITP history and followed up
with them for two years after receiving re-immunization recommendations. The participants had an
overall age-appropriate vaccine coverage of 57.9%. Vaccine-associated thrombocytopenia occurred in
99 (53.2%, 95% CI = 46.06-60.26) children ranging from 0 to 34 days following immunization, with
14 vaccines involved. One hundred and fifty-four (82.3%, 95% CI = 76.72-87.54) children were advised
to restart immunization, whereas 32 (17.2%, 95% CI = 12.46-23.28) were advised to postpone partial
or full vaccination. Following the follow-up, 150 (80.6%, 95% CI = 74.37-85.68) children completed the
catch-up immunization, whereas 27 (14.5%, 95% CI = 10.17-20.30) partially completed it. Four patients
with thrombocytopenia relapsed following the re-immunization. Incomplete catch-up immunization
was related to the factors of chronic thrombocytopenia, vaccine-associated thrombocytopenia, and
the relapse of ITP following re-immunization. ITP may occur after immunization with vaccines other
than measles-containing vaccines. Re-immunization in children with ITP generally does not result in
a relapse, regardless of whether the previous thrombocytopenia was vaccine-associated.

Keywords: immune thrombocytopenia; vaccine-associated thrombocytopenia; vaccine hesitancy;
catch-up immunization; children

1. Introduction

Immune thrombocytopenia (ITP) can be an isolated primary condition, or it may occur
secondary to certain diseases, drugs, or vaccines [1]. It has been hypothesized that vaccine-
associated thrombocytopenia is mediated by antigen-induced specific autoimmunity [2].
Theoretically, there is a risk of redeveloping thrombocytopenia when the body is exposed
to the same antigen. Parents and healthcare providers may hesitate to assent to admin-
istering the incident vaccine and even all subsequent immunizations due to concerns
about a relapse of thrombocytopenia after re-immunization. The available data show that
vaccine-associated thrombocytopenia is very rare. The surveillance data on adverse events
following immunization have revealed that there were 773 cases of thrombocytopenia
in China during 2010-2015, with a reported incidence ranging from 0.20 to 0.35 cases
per million doses [3]. Similarly, 1440 cases of thrombocytopenia were reported by the
US Vaccine Adverse Event Reporting System during 1990-2008 [4]. Vaccine-associated

Vaccines 2024, 12, 66. https:/ /doi.org/10.3390 /vaccines12010066

https:/ /www.mdpi.com/journal /vaccines


https://doi.org/10.3390/vaccines12010066
https://doi.org/10.3390/vaccines12010066
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/vaccines
https://www.mdpi.com
https://orcid.org/0000-0003-1479-6022
https://doi.org/10.3390/vaccines12010066
https://www.mdpi.com/journal/vaccines
https://www.mdpi.com/article/10.3390/vaccines12010066?type=check_update&version=1

Vaccines 2024, 12, 66

20f12

thrombocytopenia may occur 1 to 30 days after almost all vaccinations [5], with a relatively
high incidence in measles-containing vaccines of 3.3 per million children per year, while
the incidence for diphtheria and tetanus toxoids and pertussis and haemophilus influenzae
type B and inactive polio vaccines is 1.2, and that for 13-valent pneumococcal polysaccha-
ride conjugate vaccines is 1.2, all within the Chinese population [6]. Although vaccines
can induce thrombocytopenia, the definite mechanism has not been fully established so
far. Only the first dose of the measles—mumps-rubella vaccine has been demonstrated to
have a clear causal relationship with the occurrence of ITP with some biological plausibility,
given that the measles virus itself can cause ITP [7]. The other notable aspect is a possible
association between ITP and COVID-19 vaccines, specifically the ChadOx1-5S (AstraZeneca)
vaccine, noting that this was in an adult population and not seen with mRNA vaccines [8].
The incidence of ITP peaks in early childhood, which often overlaps with the period when
the National Immunization Program (NIP) is widely implemented. The data from Euro-
pean countries have been used to estimate that the incidence of acute ITP in children is
1.9-6.4 per million children per year [9]. This figure is at least 10 times higher than that of
reported post-immunization ITP. Post-immunization ITP is usually a coincident adverse
event following immunization (AEFI). Moreover, parents also worry if immunization will
trigger a relapse of thrombocytopenia.

Vaccine hesitancy is a common issue for children with medical conditions in China.
Childhood vaccine-associated thrombocytopenia usually has a favorable prognosis [10]. The
incidence of ITP is significantly lower than that observed during the natural course of vaccine-
preventable diseases [11]. ITP is not listed as a contraindication for any vaccine’s administra-
tion in the international as well as Chinese practice guidelines for immunization [12-15]. The
Advisory Committee on Immunization Practices suggested that there were no contraindi-
cations for MMR administration to children with a history of ITP who are unimmunized
with the MMR and other vaccines [16]. Despite the above evidence, immunization delay or
discontinuation after ITP onset is a common issue in China. The uncertainty of relapse risk
dampens parental confidence in vaccination. Thus, we carried out this prospective study to
assess the immunization statuses of children with immune thrombocytopenia, analyze the
possible relationship between immunization and thrombocytopenia, and actively monitor
the safety of re-immunization after immune thrombocytopenia remission.

2. Materials and Methods
2.1. Study Subjects

This study was conducted in the Immunization Advisory Clinic at a National Chil-
dren’s Medical Center in Shanghai, constituting the first specialized Immunization Advi-
sory Clinic in China. We enrolled children < 18 years old who had a definite diagnosis
of thrombocytopenia and were confirmed to be afflicted with ITP utilizing the Brighton
Collaboration case definition [17]. The children were brought to the clinic by their parents
or were referred by primary care providers or pediatric hematologists for immunization
consultation from 2017 to 2019. We collected detailed information about thrombocytopenia
and immunization history. We reassessed the possible causes of thrombocytopenia and
provided recommendations on immunization. To observe relapses of thrombocytope-
nia following re-immunization, we actively followed up with the counseled children for
2 years. Ethical approval was granted by the hospital’s Institutional Review Board. Written
consent was waived because the data were obtained during routine medical service and
follow-ups. Data pooling and analyses were anonymously conducted, without involving
any privacy concerns.

2.2. Data Collection

Clinical data on medical conditions and immunization history were obtained using
a standardized spreadsheet during the on-site parent interview and a review of medical
record documents conducted by two physicians providing immunization counselling. The
causes of thrombocytopenia and discharge diagnoses were reviewed by two immunization
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specialists and two hematologists. The patients” information was collected, including
sex, age, date of symptom onset, platelet counts during the disease course, exposure to
vaccines within 42 days before thrombocytopenia-related symptom onset, illness within
6 weeks before ITP diagnosis, drug treatment after diagnosis, previous health status,
and up-to-date vaccination records. ITP is classified as newly diagnosed (0-3 months),
persistent (>3-12 months), or chronic (>12 months) [12]. Severe ITP refers to Grade 4
bleeding determined using an updated bleeding scale for pediatric patients with ITP; this
grade is defined as mucosal bleeding leading to a decrease in hemoglobin levels > 2 g/dL
or suspected or confirmed internal hemorrhage. Remission of ITP is defined as a blood
platelet count > 100,000 per uL and no new mucosal bleeding or visceral hemorrhages
for at least 3 months. Trained specialists evaluated the causal relationship between ITP
and vaccines according to the World Health Organization manual for the surveillance
of adverse events following immunization [18]. Vaccine-associated thrombocytopenia
was considered to be present if there was a time correlation between thrombocytopenia
occurrence and vaccination within 42 days of vaccine administration; simultaneously, a
preceding infectious illness or the concomitant administration of drugs were excluded.

2.3. Confirmation of Immunization Records

Immunization history, including vaccine name, vaccine type, and date of administra-
tion, was verified during on-site consultation through checking the carry-on immunization
handbook. Children were excluded from this study if their parents could not provide the
immunization record handbook for verification.

Age-appropriate vaccine coverage included the 23 doses of 14 NIP vaccines mandato-
rily required by the age of six. The data were recorded using a standardized spreadsheet.
The following were the recommended immunization schedules for children aged 0-6 in
China in 2016 [19]: 1 dose of the Bacillus Calmette—-Guérin vaccine (BCG) at birth; 3 doses of
the hepatitis B vaccine (HepB) at birth and at 1 and 6 months of age; 4 doses of the inactive
poliomyelitis vaccine (IPV) or bivalent oral poliomyelitis attenuated live vaccine (bOPV) at
2, 3, 4, and 48 months of age; 4 doses of the diphtheria, tetanus, and acellular pertussis com-
bined vaccine (DTaP) at 3, 4, 5, and 18 months of age; 1 dose of the diphtheria and tetanus
combined vaccine (DT) at the age of 6 years; 2 does of a measles-containing vaccine (MCV),
including the measles attenuated live vaccine (MV), the measles and rubella combined
attenuated live vaccine (MR), and the measles, mumps, and rubella combined attenuated
live vaccine (MMR), at 8 and 18 months of age; 2 doses of the Group A meningococcal
polysaccharide vaccine (MPV-A) at 6 and 9 months of age; 2 doses of the Group A and
C meningococcal polysaccharide vaccine (MPV-AC) at 3 and 6 years of age; 2 doses of
the Japanese encephalitis attenuated live vaccine (JEV-L) at 8 and 24 months; and 2 doses
of the hepatitis A inactivated vaccine (HepA-I) at 18 and 24 months. (Table 1) When a
self-paid vaccine was given to replace the free NIP vaccine, the free vaccine was recorded
as an immunization.

Table 1. Recommended immunization schedule for children aged 6 years or younger in China.

Birth 1 mos 2 mos 3 mos 4 mos 5 mos 6 mos 8 mos 9 mos 18 mos 2yrs 3yrs 4yrs 6 yrs
Bacillus Ist
Calmette-Guérin d
. ose

vaccine

i . Ist 2nd 3rd
Hepatitis B vaccine dose dose dose
Inactive poliomyelitis 1st
vaccine dose
Bivalent oral
poliomyelitis 1st 2nd 3rd
attenuated live dose dose dose
vaccine
Diphtheria, tetanus,
and acellular Ist 2nd 3rd 4th
pertussis combined dose dose dose dose

vaccine
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Table 1. Cont.

Birth

1 mos 2 mos 3 mos 4 mos 5 mos 6 mos 8 mos 9 mos

18 mos 2yrs 3yrs 4yrs 6 yrs

Diphtheria and
tetanus combined
vaccine

Measles and rubella
combined attenuated
live vaccine

Measles, mumps, and
rubella combined
attenuated live
vaccine

Group A
meningococcal
polysaccharide
vaccine

Group A and C
meningococcal
polysaccharide
vaccine

Japanese encephalitis
attenuated live
vaccine

Hepatitis A
inactivated vaccine

1st
dose

1st
dose

1st
dose

1st 2nd
dose dose

1st 2nd
dose dose

Ist 2nd
dose dose

1st 2nd
dose dose

2.4. Immunization Recommendation and Follow-Up

To harmonize management across the team in the Immunization Advisory Clinic, a
practical protocol for immunization recommendation for children with ITP was developed
after a review of the literature and current guidelines [12-15]. Children with ITP are
recommended to restart or resume immunization when this disease has been in remission
for at least 3 months. If it has been recommended that live vaccines should be withheld, the
parents will be informed of the vaccine type and interval according to the blood product
and immunosuppressive therapy used. It is recommended that live vaccines (bOPYV,
MCYV, JEV-L, and varicella vaccines) should be withheld in the following scenarios [14]:
(1) at least 30 days after discontinuation or tapering of corticosteroid use when using
corticosteroids at a dose of >2 mg/kg per day of prednisone or its equivalent, or >20 mg
per day if the weight is >10 kg for 14 consecutive days or more; (2) at least 14 days after
discontinuation or tapering of corticosteroid use when having administered corticosteroids
at a dose of >2 mg/kg per day of prednisone or its equivalent, or >20 mg per day if
the weight is >10 kg for less than 14 consecutive days or at a dose of <2 mg/kg per
day; and (3) 3 months after having administered cyclosporine at >2.5 mg/kg per day or
mycophenolate mofetil at >30 mg/kg per day. It is recommended that live vaccines of the
MCYV and varicella vaccines (VarVs) should be deferred at least 6 months after transfusion
of packed red blood cells or whole blood, 7 months after plasma or platelet cell transfusion,
8 months after therapy consisting of intramuscular or intravenous immunoglobin (IVIG)
administration at a total dose of 400 mg/kg, or 10 and 11 months after total doses of 1000
and 2000 mg/kg, respectively, for the previous treatment. The children were vaccinated at
their local community immunization clinics. We conducted active telephone follow-ups
and passive surveillance based on parents’ self-reports to monitor relapses of ITP following
immunization. A relapse of ITP was defined as a platelet count < 100,000 per uL. All
subjects were followed up with for two years to record updated immunization statuses via
either telephone or WeChat. Children with confirmed secondary ITP other than vaccine-
associated thrombocytopenia during the follow-up period were also excluded.

2.5. Statistical Analyses

For continuous variables, descriptive statistics were reported as means (standard devi-
ations) or medians (interquartile ranges), and for nominal variables, they were reported
as quantities of cases. Shapiro-Wilk and Q-Q plots were used to test normality. Student’s
t-test was used to compare regularly distributed data, while the Wilcoxon Rank Sum test
was used to analyze non-normally distributed data. Categorical variables were reported as
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percentages and compared using either Pearson’s x? test or Fisher’s exact test. To determine
the statistical significance between the vaccine-unassociated and vaccine-associated throm-
bocytopenia subgroups, as well as between the receiving-all-catch-up-vaccines subgroup
and the not-receiving-all catch-up-vaccines subgroup, Pearson’s x? test or Fisher’s exact test
were used. A p-value < 0.05 was considered statistically significant. STATA 16.1 (StataCorp,
College Station, TX, USA) was used for the statistical analysis.

3. Results

A total of 196 children with thrombocytopenia were screened; three cases were ex-
cluded due to hereditary thrombocytopenia, one was excluded for lupus-associated throm-
bocytopenia, and six were excluded due to not providing complete immunization records
(Figure 1). Table 2 shows the characteristics of the 186 included children with ITP examined
in this study. One hundred and twenty-seven (68.3%) children were boys, and the median
age at the first visit was 21 (IQR: 12, 36) months old. The initial episode of thrombocy-
topenia occurred at the ages of 0-5 months (n = 100, 53.8%), 6-11 months (n = 44, 23.7%),
12-23 months (n = 27, 14.5%), and >24 months (n = 15, 8.1%). These children received
observation alone (n = 20), IVIG alone (n = 105), steroid alone (n = 9), and IVIG and steroid
(n = 52) treatments. Of all the cases, 158 (84.9%) were acute, 18 (9.7%) were persistent, and
10 (5.4%) were chronic. Three (1.6%) cases were defined as serious cases. At their first
visit to the clinic, 164 (88.2%) of the patients had been in remission and 22 (11.8%) were
still being treated. The male-to-female ratio, age at first visit, age at the onset of disease,
the interval from disease onset to first visit, treatment after diagnosis, and disease type ex-
hibited no statistical differences between the vaccine-unassociated and vaccine-associated
thrombocytopenia subgroups (Table 2).

Table 2. Clinical characteristics of children with ITP in this study (N = 186).

Vaccine-Unassociated Vaccine-Associated

Total Thrombocytopenia Thrombocytopenia p Value
n =186
n=_87 n=99

Male 127 (68.3) 58 (66.7) 69 (70.0) 0.658
Age at first visit, month 21 (12, 36) 23 (12, 45) 19 (12, 32) 0.288
Age at disease onset, month 4(2,10) 6(2,14) 3(2,98) 0.205
0-5 mo 100 (53.8) 40 (46.0) 60 (60.6)
6-11 mo 44 (23.6) 17 (19.5) 27 (27.3)
12-23 mo 27 (14.5) 17 (19.5) 10 (10.1)
>24 mo 15 (8.1) 13 (14.9) 2 (2.0)
Interval from disease onset to first visit,
month 12 (7,23.8) 12 (7,24) 12 (6, 26) 0.910
Platelet count at diagnosis, per uL 13.5(7,25.5) 17.5 (10, 40) 10 (5.5, 20) 0.006
Treatment after diagnosis 0.407

Observation 20 (10.8) 12 (13.8) 8 (8.1)

IVIG alone 105 (56.4) 44 (50.6) 61 (61.6)

Steroid alone 9 (4.8) 5(5.7) 4 (4.0)

IVIG + steroid 52 (28.0) 26 (29.9) 26 (26.3)
Diagnosis type ? 0.124

Newly diagnosed 158 (84.9) 69 (79.3) 89 (89.9)

Persistent 18 (9.7) 12 (13.8) 6 (6.1)

Chronic 10 (5.4) 6 (6.9) 4 (4.0
Serious ITP case 3(1.6) 3(34) 0(0) 0.100
Disease in remission € 0.002

Yes 164 (88.2) 70 (80.5) 94 (94.9)

No 22 (11.8) 17 (19.5) 5(5.1)

IVIG: intravenous immunoglobulin; ITP: immune thrombocytopenic purpura. Data are presented as means (SD)
for normally distributed data and as medians (IQR) for skewed data. ® Immune thrombocytopenic purpura was
classified as newly diagnosed if the disease presented within the last three months, persistent if the disease was
present for 3 to 12 months, and chronic if the disease lasted more than 12 months. b A serious ITP case was defined
as mucosal hemorrhage resulting in a >2 g/dL decrease in hemoglobin levels or suspected or confirmed visceral
hemorrhage. Variables were compared using Fisher’s exact test. © Remission of ITP was defined as a blood platelet
count > 100,000 per pL for at least 3 months and no new instances of mucosal bleeding or visceral hemorrhages.
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N=196
Assessed for eligibility

N=10
Excluded
3 Hereditary thrombocytopenia
1 Lupus-associated thrombocytopenia
6 Incomplete immunization history

N=186
Included
87 Vaccine-unassociated thrombocytopenia
99 Vaccine-associated thrombocytopenia

|
v v

N=154 (82.3%) / N\

Recommended to restart N=32 (17.2%)
immunization Recommended to defer
immunization
Followed up 8 Defer all vaccines due to unstable
for two years disease status
y 23 Defer MCV due to recent IVIG use
/ N=123 N=31 \ 1 Defer live vaccines due to recent
Completed Not completed packed blood cell use
catch-up catch-up k j
immunization immunization
24 Received Followed up
partial catch-up ! for two years
vaccines
6 Rejected N=27 N=5
immunization by Fulfilled catch-up Not fulfilled
patient immunization catch-up
1 Rejected immunization
immunization by 3 Received partial
k vaccine provi(y catch-up vaccines
except suspected
. vaccines
2 Did not receive
N=4 vaccines due to
Had reoccurrence of ITP unstable disease
3 After vaccination K status /
1 After hand-foot-and-mouth disease
N=0

Had reoccurrence of ITP

Figure 1. Flowchart of data on immune thrombocytopenic purpura participants throughout
study. MCVs: measles-containing vaccines; IVIG: intravenous immunoglobin; ITP: immune

thrombocytopenia.

Of the 186 children who had ITP, 99 (563.2%, 95% CI = 46.06-60.26) developed thrombo-
cytopenia within 42 days following vaccination, involving 14 NIP vaccines and self-paid
vaccines such as the VarV, enterovirus 71 inactivated vaccine (EV71), oral rotavirus vaccine
(ORV), and 13-valent pneumococcal polysaccharide conjugate vaccine (PPCV13) (Table 3).
The vaccines related to thrombocytopenia were as follows: the IPV for 32 children, MCV
for 18 children, DTaP and HepB for 16 children, and JEV-L for 13 children.
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Table 3. Days from vaccination to disease onset in the subgroup of vaccine-associated immune
thrombocytopenia cases (N = 99).

Days from Vaccination to Disease

Vaccine Type Number of Involving Dose Onset, Median (Range)
rv 32 7 (0-30)
DTaP 16 7 (0-20)
HepB 16 13 (1-28)
MR 16 19.5 (4-34)
JEV-L 13 19.5 (2-34)
MPV-A 8 24 (1-34)
bOPV 6 7 (0-20)
BCG 4 14.5 (5-21)
EV71 4 6.5 (1-14)
HepA-I 4 18.5 (3-30)
VarV 4 17 (1-25)
PPCV13 3 7 (4-21)
ORV 2 10.5 (0-21)
MMR 2 10 (3-17)

A total of 99 cases of vaccine-associated immune thrombocytopenia were reported, involving 14 vaccines and
130 doses. If a patient was inoculated with more than one vaccine within 6 weeks before the disease’s onset, the
vaccine administered closest to the disease’s onset was assumed to be the trigger. If more than one vaccine was
administered at one time, each vaccine was counted as an individual trigger.

Table 4 shows the impact of thrombocytopenia events on vaccination. Among the
186 children, 137 (73.7%) discontinued all immunization due to health providers’ refusal or
parental concern, 20 (10.8%) stopped receiving live vaccines, 9 (4.8%) stopped receiving
vaccines suspected to be related to thrombocytopenia, 11 (5.9%) received irregular immu-
nization, and only 9 (4.8%) continued age-appropriate immunization. Vaccination dis-
continuation was more common in the vaccine-unassociated thrombocytopenia subgroup
compared to the vaccine-associated thrombocytopenia subgroup (81.6% vs. 66.7%, p < 0.05),
whereas live vaccines were more commonly discontinued in the vaccine-associated throm-
bocytopenia group (17.2% vs. 3.4%, p < 0.05).

Table 4. Vaccine hesitancy patterns of children with ITP after initial diagnosis in this study.

Vaccine-Unassociated Vaccine-Associated
Thrombocytopenia Thrombocytopenia p Value
n =87 n=99
No. of children who stopped receiving all vaccines 71 (81.6) 66 (66.7) 0.021
No. of children who only stopped receiving live vaccines? 3 (3.4) 17 (17.2) 0.003
No. of children who stopped receiving incident vaccines b 0(0) 9(9.1) 0.004
No. of children who received irregular immunization 8(9.2) 3 (3.0) 0.117
No. of children who received all types of immunization® 5 (5.7) 4(4.0) 0.736

The level of significance determined using the Bonferroni Test was established at 0.01. # Live vaccines refer to the
bivalent oral poliomyelitis attenuated live vaccine, measles-containing vaccines, and the Japanese encephalitis
attenuated live vaccine. © Variables were compared using Fisher’s exact test.

After counselling with specialists, 154 (82.3%, 95% CI = 76.72-87.54) children were rec-
ommended to restart immunization (the restarting immunization group), while 32 (17.2%,
95% CI = 12.46-23.28) were recommended to defer reception of all vaccines (deferring
immunization group) due to unstable disease status (n = 8), and others were recommended
to defer the reception of the MCV due to the recent use of IVIG (n = 23) and to defer recep-
tion of all live vaccines due to the recent administration of packed red blood cells (n = 1)
(Figure 1). After two-year follow-ups, 9 children did not receive any vaccines, 150 (80.6%,
95% CI = 74.37-85.68) received all age-appropriate vaccines (the full-catch-up immunization
group), and 27 (14.5%, 95% CI = 10.17-20.30) received partial vaccines (the partial-catch-up
immunization group). Four children in the partial-catch-up vaccination group experienced
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a relapse of ITP after restarting immunization and thereafter discontinued subsequent
immunization. Of these four relapse cases, one child who had a newly diagnosed case of
ITP with a temporally related varicella vaccine had a relapse after hand, foot, and mouth
disease; one child with previous persistent ITP had a relapse after HepB vaccination; one
child with previous chronic ITP had a relapse after DTaP and OPV administration; and one
child with previous chronic ITP had a relapse after vaccination with the MPSV-AC.

Compared to the partial-catch-up immunization group, the full-catch-up immuniza-
tion group was younger (18.5 vs. 26.5 months old, p = 0.003), less frequently received IVIG
and steroid combination therapy (22.7% vs. 50.0%, p = 0.001), and had fewer chronic ITP
cases (1.3% vs. 22.2%, p < 0.001), vaccine-associated thrombocytopenia cases (48.7% vs.
72.2%, p = 0.011), and episodes of ITP relapse (0% vs. 5.6%, p = 0.037) (Table 5).

Table 5. Comparison of characteristics between two groups completing all age-appropriate catch-up
immunizations and partial age-appropriate catch-up immunizations during the two-year follow-up
(N =186).

Completing All Catch-Up Completing Partial Catch-Up

Immunizations Immunizations p Value

n =150 n =36
Male 102 (68.0) 25 (69.4) 0.876
Age at first visit, month 18.5 (10, 32) 26.5(19.5,43.5) 0.003
Age at disease onset, month 4(2,11) 5(2,8) 0.962
Interval from disease onset to first visit, month 11 (6, 18.5) 18.5 (12, 34.8) <0.001
Platelet count at diagnosis, per pL 15 (7, 32) 10 (6, 18) 0.082
Treatment of IVIG + steroid 34 (22.7) 18 (50.0) 0.001
Chronic ITP case @ 2 (1.3) 8 (22.2) <0.001
Serious ITP case b< 5(3.3) 1(2.8) 1.000
Case of disease status in treatment © 17 (11.3) 5(13.9) 0.773
Vaccine-associated thrombocytopenia case 73 (48.7) 26 (72.2) 0.011
Relapse of ITP © 0 (0) 2 (5.6) 0.037

IVIG: intravenous immunoglobulin; ITP: immune thrombocytopenic purpura. Data are presented as means
(SD) for normally distributed data and as medians (IQR) for skewed data. ® Chronic immune thrombocytopenic
purpura is defined as disease lasting more than 12 months. ® A serious ITP case is defined as mucosal hemorrhage
resulting in a >2 g/dL decrease in hemoglobin levels or suspected or confirmed visceral hemorrhage. ¢ Variables
were compared using Fisher’s exact test.

4. Discussion

To the best of our knowledge, this study included the largest number of ITP case series
in relation to vaccine safety. Our findings showed that ITP is a big safety concern regarding
immunization among parents and healthcare providers, whether related to vaccines or not.
Rejection of any type of vaccine or exclusive live vaccine administration are common for
children with a history of ITP. Our follow-up findings demonstrated that re-immunization
after ITP remission was safe for children and generally did not cause a disease relapse.

Thrombocytopenia is an uncommon adverse event following vaccine administration.
Vaccine-associated thrombocytopenia is induced by autoantibodies after binding to a spe-
cific platelet glycoprotein (GP), including GP Ib/IX, GP V, and GP IIb/Illa [20]. Okazaki
reported that anti-measles and anti-rubella virus IgG antibodies in platelets were isolated
in an ITP-afflicted child after receiving an MMR [21]. This illness is more prevalent in
young children since their idiotypic networks are still developing, increasing the likelihood
of cross-reactive autoantibody production following immunization [11]. In this study, we
found that almost all vaccines were possibly linked with the occurrence of ITP. Most of
the cases of vaccine-associated thrombocytopenia occurred after vaccination with the IPV,
followed by the DTaP, HepB, and MR. However, the vaccines most reported to be associated
with ITP were the VarV in the United States and the MMR in Canada; additionally, the
DTaP and HepA were also commonly reported [4,5]. Based on the national surveillance
data on AEsFI in China, adverse events relating to ITP have mostly been reported after
the MMR, IPV, and HepB vaccinations [6]. However, the VarV and trivalent inactivated
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influenza vaccine (TIV) were less reported for causing ITP in China than in the United
States. This difference may have been because the VarV and TIV are self-paid vaccines, and
their coverage is low in Chinese children. We also observed a few cases of ITP secondary to
vaccinations with the JEV-L and MPV-A. The use of the Japanese encephalitis inactivated
vaccine (JEV-I) and meningococcal polysaccharide combined vaccine (MPCV) may have
minimized the incidence of ITP, as only two cases of ITP were reported after vaccination
with the MPCV and no cases of ITP were reported after vaccination with the JEV-I according
to the 2018-2020 national surveillance data on AESFI [6,22,23]. Because the link between ITP
and vaccines other than the MMR was based on a small number of vaccine-exposed case
reports, the causal relationship requires more investigation for determination [24]. Platelet-
reactive autoantibodies may also be induced by viral or environmental factors in the event
of vaccine-unassociated thrombocytopenia. Antibody-coated platelets are prematurely
destroyed in the spleen, liver, or both through interaction with Fcy receptors [25]. Autoan-
tibodies can also induce the complement-mediated or desialylation-induced destruction of
platelets [26,27] and impede megakaryocyte function [28]. When antiplatelet antibodies
are not detected, T cell abnormalities such as the skewing of T helper cells toward type 1
helper T and type 17 helper T phenotypes [29] and a reduction in the number and function
of regulatory T cells [30] have been described, which could drive the autoimmune process.

Overall, it is safe to start re-immunization for children with ITP after the disease has
entered remission and is stable. After two years of follow-up, none of the children in
the vaccine-associated thrombocytopenia subgroup experienced an ITP relapse follow-
ing re-immunization, while three children with persistent or chronic ITP in the vaccine-
unassociated thrombocytopenia subgroup experienced an ITP relapse. Although a few case
reports documented recurrent ITP following the same or different vaccinations [31,32], our
findings demonstrated that revaccination for children with prior ITP and the administration
of the incident vaccine and other vaccines to children with previous vaccine-associated
thrombocytopenia did not result in the recurrence or progression of thrombocytopenia.
Moreover, the prognosis was usually favorable for children who suffered an episode of
vaccine-associated thrombocytopenia. Our study also demonstrated that the children in
the vaccine-associated thrombocytopenia subgroup were less likely to develop persistent
and chronic ITP than those in the vaccine-unassociated thrombocytopenia subgroup. Hsieh
reported that all 12 patients with vaccine-associated thrombocytopenia investigated in
their study recovered within 6 days, and no recurrence was observed even after receiving
the same vaccination later on [33]. Persistent low levels of platelet antibodies in the bod-
ies of children with persistent or chronic ITP may render them prone to reactivation by
vaccines [34].

Professional immunization consulting did, in fact, help to address the vaccination
safety issue. All children with a previous history of ITP were informed that there were no
contraindications for immunization. Due to recent blood product use or immunosuppres-
sive therapy, several children were recommended to postpone receiving all or a portion
of injectable live virus vaccines. During the two-year follow-up, most of the counseled
children completed a catch-up immunization regimen. We proposed that the appropriate
timing of restarting immunization was three months after the platelet count returns to the
normal range. Moreover, we did not advise parents to routinely follow up the platelet count
after each vaccination except for the first reimmunization to avoid unnecessary healthcare
visits and testing. Our findings will assist hematologists and general practitioners in mak-
ing proper immunization recommendations to their patients with ITP. Parents will acquire
a great deal of confidence and reassurance from an on-site immunization consultation.
For children who have developed thrombocytopenia following immunization, parents’
concerns about immunization safety are particularly serious. Thus, active follow-ups
and full communication with parents will improve vaccination adherence in line with
specialists’ recommendations.

Although this was a single-center study, the counseled children came from all over
the country; therefore, the participants in this study were representative. Our findings
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indeed reflected a worldwide phenomenon of vaccination concerns among parents as well
as practitioners concerning the link between immunization and ITP. This study contributes
more trustworthy evidence of vaccine safety and unveils the role of specialists in addressing
vaccine concerns. One limitation was the feasibility of seeing a vaccine specialist for all ITP
patients and providing follow-up care for these patients. The study also lacked a qualitative
component, making it difficult to remark on the unique concerns of healthcare providers
and parents. This could be identified as an issue that will require further research.

5. Conclusions

The administration of vaccines to children with a previous history of ITP, whether
due to vaccine-associated thrombocytopenia or not, was safe and well-tolerated, and vacci-
nation could be resumed after remission. The immunization compliance was satisfactory,
and a relapse of ITP following vaccination was very rare. Consultation with specialized
immunization professionals should be encouraged to address vaccine safety concerns.

Author Contributions: Conceptualization, M.Z., HW. and X.Z.; methodology, X.W. and T.E; for-
mal analysis, T.F,; validation: C.W.; investigation, X.W., Y.G. and M.Z.; data curation, X.W. and
J.L.; writing—original draft preparation, T.F; writing—review and editing, X.W., M.Z. and HW.;
supervision, M.Z., HW. and X.Z.; project administration, C.W.; funding acquisition, M.Z. and T.F. All
authors have read and agreed to the published version of the manuscript.

Funding: This research was supported by the Shanghai Municipal Three-Year Action Plan for
Strengthening the Construction of the Public Health System (2023-2025) under Grant Number GWVI-
2.1.2 and the Shanghai Municipal Health Commission Health Policy Research Project under Grant
Number 2023HP36.

Institutional Review Board Statement: The study was conducted according to the guidelines of the
Declaration of Helsinki and approved by the Institutional Review Board of the Children’s Hospital of
Fudan University (Approval Code: No. 2016070, Approval Date: 25 February 2016).

Informed Consent Statement: Written informed consent was waived because the data were obtained
during routine medical service and follow-ups.

Data Availability Statement: The data presented in this study are available on request from the
corresponding author. The data are not publicly available due to privacy restrictions.

Conflicts of Interest: The authors declare no conflicts of interest.

Abbreviations

Immune thrombocytopenia (ITP); National Immunization Program (NIP); adverse
event following immunization (AEFI); Bacillus Calmette—Guérin vaccine (BCG); Hepatitis B
vaccine (HepB); inactive poliomyelitis vaccine (IPV); bivalent oral poliomyelitis attenuated
live vaccine (bOPV); diphtheria, tetanus, and acellular pertussis combined vaccine (DTaP);
diphtheria and tetanus combined vaccine (DT); measles-containing vaccine (MCV); measles
attenuated live vaccine (MV); measles and rubella combined attenuated live vaccine (MR);
measles, mumps, and rubella combined attenuated live vaccine (MMR); Group A meningo-
coccal polysaccharide vaccine (MPV-A); Group A and C meningococcal polysaccharide
vaccine (MPV-AC); Japanese encephalitis attenuated live vaccine (JEV-L); Hepatitis A in-
activated vaccine (HepA-I); Varicella vaccine (VarV); intravenous immunoglobin (IVIG);
enterovirus 71 inactivated vaccine (EV71); oral rotavirus vaccine (ORV); 13-valent pneumo-
coccal polysaccharide conjugate vaccine (PPCV13); glycoprotein (GP); trivalent inactivated
influenza vaccine (TIV); Japanese encephalitis inactivated vaccine (JEV-I); meningococcal
polysaccharide combined vaccine (MPCV).



Vaccines 2024, 12, 66 11 0f 12

References

1.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

Rodeghiero, F; Stasi, R.; Gernsheimer, T.; Michel, M.; Provan, D.; Arnold, D.M.; Bussel, ].B.; Cines, D.B.; Chong, B.H.; Cooper, N.;
et al. Standardization of terminology, definitions and outcome criteria in immune thrombocytopenic purpura of adults and
children: Report from an international working group. Blood 2009, 113, 2386-2393. [CrossRef] [PubMed]

Gan, G,; Liu, H,; Liang, Z.; Zhang, G.; Liu, X.; Ma, L. Vaccine-associated thrombocytopenia. Thromb. Res. 2022, 220, 12-20.
[CrossRef] [PubMed]

Wu, W.; Li, K; Xu, D.; Ye, J.; Liu, D.; Zheng, J.; Cao, L.; Wang, H.; Xiao, Q. Surveillance of Thrombocytopenic Purpura as an
Adverse Event Following Immunization in China, 2010-2015. Chin. ]. Vaccines Immun. 2018, 24, 186-192+216.

Woo, E.J.; Wise, R.P; Menschik, D.; Shadomy, S.V.; Iskander, J.; Beeler, J.; Varricchio, F; Ball, R. Thrombocytopenia after vaccination:
Case reports to the US Vaccine Adverse Event Reporting System, 1990-2008. Vaccine 2011, 29, 1319-1323. [CrossRef] [PubMed]
Jadaviji, T.; Scheifele, D.; Halperin, S. Thrombocytopenia after immunization of Canadian children, 1992 to 2001. Pediatr. Infect.
Dis. J. 2003, 22, 119-122. [CrossRef] [PubMed]

Zhang, L.; Li, K; Li, Y,; Fan, C,; Li, Y;; Ren, M.; Yu, W,; Cao, L.; Cao, L.; Yin, Z. Surveillance of adverse events following
immunization in China, 2020. Chin. J. Vaccines Immun. 2020, 28, 208-218.

France, E.K,; Glanz, J.; Xu, S.; Hambidge, S.; Yamasaki, K.; Black, S.B.; Marcy, M.; Mullooly, ].P; Jackson, L.A.; Nordin, J.; et al. Risk
of immune thrombocytopenic purpura after measles-mumps-rubella immunization in children. Pediatrics 2008, 121, e687-€692.
[CrossRef] [PubMed]

Gordon, S.F,; Clothier, H.].; Morgan, H.; Buttery, ].P; Phuong, L.K.; Monagle, P.; Chunilal, S.; Wood, E.-M.; Tran, H.; Szer, J;
et al. Immune thrombocytopenia following immunisation with Vaxzevria ChadOx1-S (AstraZeneca) vaccine, Victoria, Australia.
Vaccine 2021, 39, 7052-7057. [CrossRef]

Terrell, D.R; Beebe, L.A.; Vesely, S.K.; Neas, B.R.; Segal, ].B.; George, ] N. The incidence of immune thrombocytopenic purpura in
children and adults: A critical review of published reports. Am. J. Hematol. 2010, 85, 174-180. [CrossRef]

Kitazawa, J.; Nakadate, H.; Matsubara, K.; Takahashi, Y.; Ishiguro, A.; Inoue, E.; Sasahara, Y.; Fujisawa, K.; Maeda, N.; Oka, T,;
et al. Favorable prognosis of vaccine-associated immune thrombocytopenia in children is correlated with young age at vaccination:
Retrospective survey of a nationwide disease registry. Int. J. Hematol. 2022, 115, 114-122. [CrossRef]

Cecinati, V.; Principi, N.; Brescia, L.; Giordano, P.; Esposito, S. Vaccine administration and the development of immune
thrombocytopenic purpura in children. Hum. Vaccines Immunother. 2013, 9, 1158-1162. [CrossRef] [PubMed]

Provan, D.; Arnold, D.M.; Bussel, J.B.; Chong, B.H.; Cooper, N.; Gernsheimer, T.; Ghanima, W.; Godeau, B.; Gonzélez-Lépez, T.].;
Grainger, J.; et al. Updated international consensus report on the investigation and management of primary immune thrombocy-
topenia. Blood Adv. 2019, 3, 3780-3817. [CrossRef] [PubMed]

Kroger, A.B.L.; Hunter, P. General Best Practice Guidelines for Immunization. Best Practices Guidance of the Advisory Committee
on Immunization Practices (ACIP). 2021. Available online: https:/ /www.cdc.gov/vaccines/hcp/acip-recs/general-recs/index.
html (accessed on 11 August 2023).

Committee on Infectious Diseases, American Academy of Pediatrics; Kimberlin, D.W.; Barnett, E.D.; Lynfield, R.; Sawyer, M.H.
Red Book: 2021-2024 Report of the Committee on Infectious Diseases; American Academy of Pediatrics: Itasca, IL, USA, 2021.
National Health Commission of the People’s Republic of China. National immunization program vaccine children’s immunization
procedures and instructions 2021. Chin. |. Viral Dis. 2021, 11, 241-245.

McLean, H.Q.; Fiebelkorn, A.P.; Temte, J.L.; Wallace, G.S. Prevention of measles, rubella, congenital rubella syndrome, and
mumps, 2013: Summary recommendations of the Advisory Committee on Immunization Practices (ACIP). MMWR Recomm. Rep.
2013, 62, 1-34. [PubMed]

Wise, R.P.; Bonhoeffer, J.; Beeler, J.; Donato, H.; Downie, P.; Matthews, D.; Pool, V.; Riise-Bergsaker, M.; Tapiainen, T.; Varricchio, F.
Thrombocytopenia: Case definition and guidelines for collection, analysis, and presentation of immunization safety data. Vaccine
2007, 25, 5717-5724. [CrossRef] [PubMed]

World Health Organization Global Manual on Surveillance of Adverse Events following Immunization. Available online:
https:/ /www.who.int/publications/i/item /10665206144 (accessed on 10 May 2023).

National Health Commission of the People’s Republic of China. National immunization program vaccine children’s immunization
procedures and instructions 2016. Chin. |. Viral Dis. 2017, 7, 81-86.

Greinacher, A.; Eichler, P.; Lubenow, N.; Kiefel, V. Drug-induced and drug-dependent immune thrombocytopenias. Rev. Clin. Exp.
Hematol. 2001, 5, 166-200, discussion 311-312. [CrossRef]

Okazaki, N.; Takeguchi, M.; Sonoda, K.; Handa, Y.; Kakiuchi, T.; Miyahara, H.; Akiyoshi, K.; Korematsu, S.; Suenobu, S.; Izumi, T.
Detection of platelet-binding anti-measles and anti-rubella virus IgG antibodies in infants with vaccine-induced thrombocytopenic
purpura. Vaccine 2011, 29, 4878—-4880. [CrossRef]

Zhang, L.; Li, K;; Du, W,; Li, Y,; Fan, C; Shi, L.; Yu, W.; Cao, L.; Cao, L.; Yin, Z. Surveillance of adverse events following
immunization in China, 2018. Chin. J. Vaccines Immun. 2020, 26, 363-371.

Zhang, L.; Li, K,; Du, W,; Li, Y,; Fan, C.; Yu, W,; Cao, L.; Cao, L.; Yin, Z. Surveillance of adverse events following immunization in
China, 2019. Chin. |. Vaccines Immun. 2021, 27, 438-445.

O’Leary, S.T,; Glanz, ].M.; McClure, D.L.; Akhtar, A.; Daley, M.F.; Nakasato, C.; Baxter, R.; Davis, R.L.; Izurieta, H.S.; Lieu, T.A,;
et al. The risk of immune thrombocytopenic purpura after vaccination in children and adolescents. Pediatrics 2012, 129, 248-255.
[CrossRef] [PubMed]


https://doi.org/10.1182/blood-2008-07-162503
https://www.ncbi.nlm.nih.gov/pubmed/19005182
https://doi.org/10.1016/j.thromres.2022.09.017
https://www.ncbi.nlm.nih.gov/pubmed/36265409
https://doi.org/10.1016/j.vaccine.2010.11.051
https://www.ncbi.nlm.nih.gov/pubmed/21126606
https://doi.org/10.1097/01.inf.0000048961.08486.d1
https://www.ncbi.nlm.nih.gov/pubmed/12586974
https://doi.org/10.1542/peds.2007-1578
https://www.ncbi.nlm.nih.gov/pubmed/18310189
https://doi.org/10.1016/j.vaccine.2021.10.030
https://doi.org/10.1002/ajh.21616
https://doi.org/10.1007/s12185-021-03230-7
https://doi.org/10.4161/hv.23601
https://www.ncbi.nlm.nih.gov/pubmed/23324619
https://doi.org/10.1182/bloodadvances.2019000812
https://www.ncbi.nlm.nih.gov/pubmed/31770441
https://www.cdc.gov/vaccines/hcp/acip-recs/general-recs/index.html
https://www.cdc.gov/vaccines/hcp/acip-recs/general-recs/index.html
https://www.ncbi.nlm.nih.gov/pubmed/23760231
https://doi.org/10.1016/j.vaccine.2007.02.067
https://www.ncbi.nlm.nih.gov/pubmed/17493712
https://www.who.int/publications/i/item/10665206144
https://doi.org/10.1046/j.1468-0734.2001.00041.x
https://doi.org/10.1016/j.vaccine.2011.04.036
https://doi.org/10.1542/peds.2011-1111
https://www.ncbi.nlm.nih.gov/pubmed/22232308

Vaccines 2024, 12, 66 12 of 12

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

Zufferey, A.; Kapur, R.; Semple, ].W. Pathogenesis and Therapeutic Mechanisms in Immune Thrombocytopenia (ITP). J. Clin. Med.
2017, 6, 16. [CrossRef] [PubMed]

Stasi, R.; Cooper, N.; Del Poeta, G.; Stipa, E.; Laura Evangelista, M.; Abruzzese, E.; Amadori, S. Analysis of regulatory T-cell
changes in patients with idiopathic thrombocytopenic purpura receiving B cell-depleting therapy with rituximab. Blood 2008, 112,
1147-1150. [CrossRef] [PubMed]

Najaoui, A.; Bakchoul, T.; Stoy, J.; Bein, G.; Rummel, M.].; Santoso, S.; Sachsm, U.J. Autoantibody-mediated complement activation
on platelets is a common finding in patients with immune thrombocytopenic purpura (ITP). Eur. ]. Haematol. 2012, 88, 167-174.
[CrossRef] [PubMed]

McMillan, R.; Wang, L.; Tomer, A.; Nichol, J.; Pistillo, J. Suppression of in vitro megakaryocyte production by antiplatelet
autoantibodies from adult patients with chronic ITP. Blood 2004, 103, 1364-1369. [CrossRef] [PubMed]

Rocha, A.M.; Souza, C.; Rocha, G.A.; de Melo, EF.; Clementino, N.C.; Marino, M.C.; Bozzi, A.; Silva, M.L.; Martins Filho, O.A.;
Queiroz, D.M. The levels of IL-17A and of the cytokines involved in Th17 cell commitment are increased in patients with chronic
immune thrombocytopenia. Haematologica 2011, 96, 1560-1564. [CrossRef] [PubMed]

Bao, W.; Bussel, ].B.; Heck, S.; He, W.; Karpoff, M.; Boulad, N.; Yazdanbakhsh, K. Improved regulatory T-cell activity in patients
with chronic immune thrombocytopenia treated with thrombopoietic agents. Blood 2010, 116, 4639-4645. [CrossRef]

Hamiel, U.; Kventsel, I; Youngster, I. Recurrent Immune Thrombocytopenia After Influenza Vaccination: A Case Report. Pediatrics
2016, 138, €20160124. [CrossRef]

Morin, E.; Sadarangani, M. Recurrent immune thrombocytopenia following different vaccines. BM]J Case Rep. 2019, 12, e231260.
[CrossRef]

Hsieh, Y.L.; Lin, L.H. Thrombocytopenic purpura following vaccination in early childhood: Experience of a medical center in the
past 2 decades. J. Chin. Med. Assoc. 2010, 73, 634-637. [CrossRef]

Vianelli, N.; Auteri, G.; Buccisano, F,; Carrai, V.; Baldacci, E.; Clissa, C.; Bartoletti, D.; Giuffrida, G.; Magro, D.; Rivolti, E.; et al.
Refractory primary immune thrombocytopenia (ITP): Current clinical challenges and therapeutic perspectives. Ann. Hematol.
2022, 101, 963-978. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.3390/jcm6020016
https://www.ncbi.nlm.nih.gov/pubmed/28208757
https://doi.org/10.1182/blood-2007-12-129262
https://www.ncbi.nlm.nih.gov/pubmed/18375792
https://doi.org/10.1111/j.1600-0609.2011.01718.x
https://www.ncbi.nlm.nih.gov/pubmed/21985182
https://doi.org/10.1182/blood-2003-08-2672
https://www.ncbi.nlm.nih.gov/pubmed/14576051
https://doi.org/10.3324/haematol.2011.046417
https://www.ncbi.nlm.nih.gov/pubmed/21972211
https://doi.org/10.1182/blood-2010-04-281717
https://doi.org/10.1542/peds.2016-0124
https://doi.org/10.1136/bcr-2019-231260
https://doi.org/10.1016/S1726-4901(10)70138-6
https://doi.org/10.1007/s00277-022-04786-y
https://www.ncbi.nlm.nih.gov/pubmed/35201417

	Introduction 
	Materials and Methods 
	Study Subjects 
	Data Collection 
	Confirmation of Immunization Records 
	Immunization Recommendation and Follow-Up 
	Statistical Analyses 

	Results 
	Discussion 
	Conclusions 
	References

