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ABSTRACT

Although the administration of the Bacillus Calmette-Guérin (BCG) vaccine is generally safe, lymphade-
nitis, the most common complication of BCG vaccination, can occur. Here, we describe the epidemiolo-
gical characteristics and incidence trends of BCG lymphadenitis in Shanghai, China, among a population
with a high burden of tuberculosis. A total of 56 cases of adverse events following immunization (AEFI)
after BCG vaccination were reported in Shanghai, including 51 cases of BCG lymphadenitis (91.07%), from
2010 to 2019. The general incidence of BCG lymphadenitis was 173 per 1,000,000 doses in Shanghai from
2010 to 2019. A nonsignificant increase of 58.81% per year was observed between 2010 and 2012 (t = 0.93;
p = 40), followed by a significant decline of 28.00% per year from 2012 to 2019 (t = —4.27; p < .01). Seven
batches of BCG vaccines triggered three or more BCG lymphadenitis cases, for 27 (52.94%) cases in total.
We identified two patients with immunodeficiency of chronic granulomatous disease, one of whom died
four years later after BCG vaccination and another of whom was still being treated after two transplants.
The average total care cost of the 47 recovered cases was 11,336 RMB (range: 2,637-33,861 RMB). Due to
the high burden of BCG lymphadenitis, especially in children with immunodeficiency, it is suggested that
government departments should strengthen healthcare provider training, assign specific nurses to per-
form BCG vaccination, monitor vaccinated individuals actively and timely detect abnormal signals so as to
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reduce the incidence of BCG lymphadenitis.

Introduction

The World Health Organization (WHO) recommends that
all healthy newborns in countries or regions with high
incidence rates of tuberculosis receive one dose of the
Bacillus Calmette-Guérin (BCG) vaccine, the only effective
measure against tuberculosis." The BCG vaccine has been
used to protect against tuberculosis in China since 1954
and was included in the national immunization program in
1978. Since then, more than one billion doses have been
administered.” A systematic review and meta-analysis
showed that the effectiveness of BCG vaccination for tuber-
culosis in newborns was 59%, which could reduce the risk
of severe tuberculosis by 90%.> Also, BCG vaccination
reduced the incidence of tuberculosis meningitis by 73%
and the incidence of miliary tuberculosis by 77%.*

The BCG vaccine uses a live attenuated strain of
Mycobacterium bovis which still has antigenic activity.
After intradermal injection, this organism starts multiplying
rapidly at the site of inoculation and is later transported
through the lymphatics to the regional lymph glands; this is
followed by hematogenous dissemination, resulting in the
creation of very small foci in different organs.5 Therefore,
following BCG vaccination, pathological reactions will
occur both in the inoculation site and in regional lymph

nodes, the vast majority of people will form scar at the
inoculation site, and subclinical lymphadenitis can also be
spontaneously reduced. However, a few people develop
extensive local ulcers or regional lymphadenitis at the site
of inoculation. In addition to the complications mentioned
above, disseminated infection may even occur in cases with
primary immunodeficiency diseases after BCG inoculation.’
From 2009 to 2010, the reported incidence of adverse BCG
reactions in China was 38.84 per 1,000,000 doses, with case
of BCG lymphadenitis accounting for 67.67%, followed by
local abscess (6.67%), allergic rash (4.59%), and systemic
dissemination of BCG-induced infection (0.31%).” BCG
lymphadenitis and rare systemically spread infection caused
by BCG vaccination greatly affect the level of public con-
fidence in the safety of BCG vaccine due to its severity,
slow recovery and long course of disease. As far as we
know, BCG lymphadenitis cases in China are mainly
reported by individuals,® with rare epidemiological charac-
teristics and trends observed. Here, we conducted a study
to describe the epidemiological characteristics and inci-
dence trends of BCG lymphadenitis in Shanghai, China,
and to provide a scientific data basis for BCG vaccination
and treatment strategy.
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Methods
Data collection

China’s adverse events following immunization (AEFI) mon-
itoring system was launched in 2005. In this study, the cases of
adverse events following BCG vaccination in the central area of
Shanghai (Xuhui and Huangpu districts) were documented in
China’s AEFI monitoring system from 2005 to 2019.
Information regarding these cases, including demographic
characteristics, BCG vaccination, diagnosis and treatment, out-
come of the disease, and compensation from the government,
was collected. Hospitals’ obstetric clinics are responsible for the
BCG vaccination of newborns in Shanghai. For premature low-
weight infants and newborns with certain diseases, BCG vacci-
nation should be performed in a designated clinic in each
district after the infant reaches a minimum weight (> 2.5 kg).
The doses and numbers of BCG vaccinations performed in
each clinic were collected from the Shanghai vaccination rate
monitoring system. From 2005 to 2019, the BCG vaccine used
in Shanghai was produced by two companies, the Shanghai
Institute of Biological Products (Shanghai, China) and the
Chengdu Institute of Biological Products (Chengdu, China).

Diagnostic criteria for BCG lymphadenitis

Patients with isolated axillary (or supraclavicular/cervical)
lymph node enlargement without fever or other constitutional
symptoms within two years of BCG vaccination were clinically
diagnosed with BCG lymphadenitis.™ Puncture of enlarged
lymph nodes or acid-fast stain of secretions is helpful in the
diagnosis of BCG lymphadenitis.’

Statistical analysis

BCG lymphadenitis cases were classified and analyzed according
to the BCG vaccination date. Chi-square test was used to compare
varying incidence rate of BCG lymphadenitis caused by different
factors. Since no BCG lymphadenitis cases were reported in
Shanghai from 2005 to 2009, the data analysis performed was
limited to the period from 2010 to 2019. Annual percentage

changes (APCs) of BCG lymphadenitis, from 2010 to 2019, were
analyzed using Joinpoint regression models (Joinpoint; Division
of Cancer Control and Population Sciences, National Cancer
Institute, National Institutes of Health, Bethesda, MD, USA).*
The APC represents the slope of a given trend, where a value of
less than 0 indicates a downward trend year by year and that of
greater than O indicates an upward trend year by year. The
significance test chosen for a change in trend was the t-test of
interval slope, and a p-value of less than 0.05 was considered to be
statistically significant. Data were analyzed with the Statistical
Package for the Social Sciences version 18.0 (IBM Corporation,
Armonk, NY, USA) and Joinpoint version 4.3.1.

Results
Epidemiological characteristics of BCG lymphadenitis

A total of 56 cases of AEFI after BCG vaccination were
reported in Shanghai, including 51 cases of BCG lymphadeni-
tis, accounting for 91.07%, with three cases of local abscess and
two cases of disseminated BCG lymphadenitis from 2010 to
2019. No cases of BCG AEFI were reported between 2005 and
2009.

The general incidence of BCG lymphadenitis was 173 per
1,000,000 doses in Shanghai from 2010 to 2019. Most cases of
BCG lymphadenitis occurred after BCG vaccination in the
hospital obstetrics clinic for newborns (96.08%). Only two
cases of BCG lymphadenitis occurred after vaccination in
a designated BCG vaccination clinic for infants. The inci-
dence of BCG lymphadenitis in newborns was lower than
that in infants after BCG vaccination (171 per 1,000,000
doses vs. 256 per 1,000,000 doses), but there was no statisti-
cally significant difference between the two incidence rates
(p = .321).The incidence of BCG lymphadenitis in Xuhui
district was significantly higher than that in Huangpu district
(219 per 1,000,000 doses vs. 67 per 1,000,000 doses; p < .01).
The incidence of BCG lymphadenitis was significantly higher
from 2010 to 2014 period than from 2015 to 2009 period
(266 per 1,000,000 doses vs. 76 per 1,000,000 doses; p < .01),
as shown in Table 1.

Table 1. Epidemiological characteristics of BCG lymphadenitis cases in Shanghai, 2010-2019.

Factors Classification No. of cases (%) No. of vaccination doses Incidence (1/1,000,000) Chi-square p
Gender -
Male 36 (70.59) - -
Female 15 (29.41) - -
Types of clinics 0.321 0.571
Hospital obstetrics clinic for newborns 49 (96.08) 287,037 170.71
Designated BCG vaccination clinic infants 2 (3.92) 7,806 256.21
Administrative District 8.363 0.004
Xuhui District 45 (88.24) 205,248 219.25
Huangpu District 6 (11.76) 89,595 66.97
Period of vaccination 15.423 0.000
2010-2014 40 (78.43) 150,200 266.31
2015-2019 11 (21.57) 144,643 76.05
Vaccine manufacturer 7414 0.006
Shanghai Institute of Biological Products 37 (72.55) 158,002 23417
Chengdu Institute of Biological Products 14 (27.45) 137,141 102.08
Batch number related to the number of cases - -
0-2cases 24 (47.06) - -
>3cases 27 (52.94) - -

Values with - indicate that the results were unable to calculate due to lack of data.



Impact of vaccine manufacturer and batch number

Among the 51 cases of BCG lymphadenitis reported in
Shanghai from 2010 to 2019, 37 cases were caused by BCG
vaccines produced by the Shanghai Institute of Biological
Products (accounting for 72.55%). The incidence of lympha-
denitis after using of BCG vaccines produced by the Shanghai
Institute of Biological Products was higher than that when
using vaccines produced by the Chengdu Institute of
Biological Products (234 per 1,000,000 doses vs. 102 per
1,000,000 doses; p < .01). These two vaccine manufacturers
supplied BCG simultaneously in 2010, 2011, 2014, 2015 and
2019. There were no statistical differences in the incidence of
BCG lymphadenitis in these five years between these two
producers (147 per 1,000,000 doses vs. 170 per 1,000,000
doses Supplementary Figure 1).

The 51 BCG lymphadenitis cases involved 24 batches of vac-
cines produced by the Shanghai Institute of Biological Products
and the Chengdu Institute of Biological Products. Seven batches
of BCG vaccines caused three or more BCG lymphadenitis cases,
totaling 27 (52.94%) cases in all, as shown in Table 1.

Clinical characteristics of cases

The average age of onset of lymphadenitis among the 51 BCG
lymphadenitis cases was 4.10 months. The average time

Table 2. Clinical characteristics of BCG lymphadenitis cases in Shanghai from 2010
to 2019.

Factors

Cases

Age of onset of lymphadenitis (Mean=Std) 4,10 £ 343

Time between vaccination and the onset of 130.02 + 87.03
lymphadenitis (day, Mean+Std)

Classification Percentage (%)

Time between vaccination and the onset of lymphadenitis

<1 month 3 5.88

1-6 month 41 80.39

>6 month 7 13.73
Site of the enlarged lymph nodes

Ipsilateral alar 39 76.47

Ipsilateral armpit and other parts 12 23.53
Number of enlarged lymph nodes

1 node 32 62.75

2 or more nodes 17 3333

Did not mention 2 3.92
Diameter of enlarged lymph node

(maximum)

<10 mm 3 5.88

>10 mm 42 82.35

Did not mention 6 11.76
Purulent and ruptured of lymph node

Yes 44 86.27

No 7 13.73
Drainage surgery

Yes 4 7.84

No 47 92.16
Anti-tuberculosis therapy

Yes 18 35.29

No 30 58.82
Immune enhancement therapy

Yes 36 70.59

No 13 25.49
Immunodeficiency

Yes 2 3.92

No 49 96.08
Outcome

Recovery 48 94.12

Under treatment 2 3.92

Death 1 1.96
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between vaccination and the onset of lymphadenitis was
130.02 days, as shown in Table 2. The time between vaccina-
tion and lymphadenitis onset was one to six months in
80.39% of the cases; meanwhile, in 13.73% of the cases, the
time was more than six months, while, in the remaining
5.88% of the cases, the time was less than one month.
Among the 51 BCG lymphadenitis cases, 35 cases were diag-
nosed by lymph node puncture and acid-fast staining, includ-
ing 33 cases whose smear staining was positive (64.71%). In
39 cases (76.47%), enlarged lymph nodes were found only in
the ipsilateral axillary region after BCG vaccination, while in
the remaining 12 cases (23.53%), enlarged lymph nodes were
also found in other regions, such as the neck, clavicle and
groin. Except for two cases where the lymph node number
was not available, 32 cases (62.75%) presented only one
enlarged lymph node, while the remaining 17 cases (33.33%)
presented two or more enlarged lymph nodes. Six cases did
not report the diameter of the enlarged lymph nodes, 42 cases
(82.35%) had enlarged lymph nodes with a diameter greater
than 10 mm, and the remaining three cases had enlarged
lymph nodes with a diameter of less than 10 mm.

Only in seven cases (13.73%) the enlarged lymph nodes
ruptured during the follow-up period. Four cases underwent
drainage surgery (7.84%), 18 cases received antituberculosis
therapy (35.29%), and 36 cases received thymosin to improve
immunity during treatment (70.59%). There were two patients
with immunodeficiency of chronic granulomatous disease, one
of whom died four years later after BCG vaccination. The
postmortem diagnoses of this death case were septic shock,
acute respiratory distress syndrome, severe pneumonia, meta-
bolic acidosis, acute liver failure, acute suppurative tonsillitis,
acute upper gastrointestinal bleeding, chronic granulomatosis,
harmful effects of the BCG vaccine and hypoglycemia. Another
case is still undergoing treatment after two transplants. Of the
remaining 49 cases, 48 cases were cured (94.12%) and one case
remains under treatment.

Trends of BCG lymphadenitis incidence

During the period of 2010 to 2019, cases of BCG lymphadenitis
occurred in Shanghai in all years except 2018, with a reported
rate ranging from 33 per 1,000,000 doses to 376 per 1,000,000
doses. The Joinpoint software regression model detected one
joinpoint in 2012. A nonsignificant increase of 58.81% per year
was observed between 2010 and 2012 (t = 0.93; p = .40), fol-
lowed by a significant decline of 28.00% per year from 2012 to
2019 (t = —4.27; p < .01) (Figure 1).

Burden of BCG lymphadenitis

A total of 47 cases of lymphadenitis after BCG vaccination
submitted compensation applications after recovery. The aver-
age total cost of these 47 cases was 11,336 RMB (range: 2,637~
33,861 RMB), with the average medical cost being 9,604 RMB
(range: 1,347-25,415 RMB). Since 2015, patients with BCG
lymphadenitis in Shanghai can be compensated for transporta-
tion costs arising from medical treatment in addition to med-
ical costs. The average cost of transportation for 20 cases was
3,656 RMB (range: 302-9,670 RMB), as shown in Table 3.
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Figure 1. Trends of BCG lymphadenitis incidence in Shanghai from 2010 to 2019. APC: Annual percentage change. For the normal operation of the joinpoint regression
model, the number of BCG lymphadenitis cases in 2018 was replaced with 1 case. Black diamonds indicate the observed values and orange curves denote the slope of

the APC. Values with * indicate that the APC was significant (p < .05).

Table 3. List of BCG lymphadenitis case costs in Shanghai from 2010 to 2019.

Classification of cost Cases Mean  Std  Minimum Maximum  Total

Total cost 47 11,336 7,192 2,637 33,861 521,474
Medical cost 47 9,604 5,905 1,347 25415 441,794
Transportation cost 20 3,656 2,556 302 9,670 73,129

Discussion

During 2010 to 2019, BCG lymphadenitis accounted for
91.06% of AEFIs after BCG vaccination in Shanghai, China,
similar to the monitoring results reported by a hospital
(91.58%) during 2007 to 2016,'" but higher than the AEFI
monitoring data of China (84.26%)° and South Korea
(67.05%)'* and the results of other studies (61.33%-
80.43%).">"'> During the study period, the incidence of BCG
lymphadenitis was 173 per 1,000,000 doses, higher than the
national level of BCG lymphadenitis (33 per 1,000,000).”
China’s AEFI monitoring system is a passive surveillance sys-
tem. The higher AEFI reporting sensitivity in eastern and
central regions, including Shanghai, than that in western
China may be the main reason for why the incidence of BCG
lymphadenitis in Shanghai was higher than the national aver-
age level.” The incidence of BCG lymphadenitis reported in our
study was significantly lower than that reported in Babor, Iran
from 2011 to 2013 (0.93%),'® in Latvia from 2005 to 2013
(0.11%),"” in France in 2007 (0.1%),"® and in Georgia in the
United States in 2002 (1.12 cases per 1,000 people).” The
incidence of BCG lymphadenitis in our study may be under-
estimated due to the use of passive surveillance data. Therefore,
although the reported incidence in Shanghai was higher than
the national level, the AEFI monitoring sensitivity still needs to
be strengthened, especially for certain rare adverse reactions.
Among the BCG lymphadenitis cases we detected in
Shanghai, two patients had a clear history of chronic granu-
loma, of whom one died and the other remained uncured after
two transplant treatments. In addition to these two cases and
one newly reported case, all of the remaining 48 BCG

lymphadenitis cases have recovered. Our work reveals that, in
nearly one in seven BCG lymphadenitis cases, enlarged lymph
nodes become purulent and rupture. According to the
Shanghai vaccination work norms, BCG lymphadenitis with
lymph node enlargement or rupture should be treated with
antituberculosis treatment.'® This is based on the opinion that
simple lymphadenitis may have a risk of turning into pyogenic
lymphadenitis and isoniazid is recommended.”® Therefore,
more than one third of cases were treated with antituberculosis
therapy in this study. However, the efficacy of antituberculous
therapy in treating local complications of BCG is unclear.”!
Studies have shown that antituberculosis drugs are ineffective
in accelerating the resolution of BCG lymphadenitis or pre-
venting suppuration.” For nonsuppurative lymphadenitis, the
conservative approach of observation and waiting is
recommended.'*** Puncture aspiration is the only effective
treatment that can improve the healing of suppurative
nodules.”” In addition, antituberculosis medication may
induce liver lesions in 8% of cases.”* Therefore, the treatment
of BCG lymphadenitis in Shanghai needs to be further opti-
mized, such as with the use of antituberculosis dugs. More than
70% of the reported cases used immunotherapy, whose effec-
tiveness needs to be further verified. Due to the long course and
heavy burden of BCG lymphadenitis cases, it is necessary to
take certain measures to reduce the incidence of BCG lympha-
denitis while better standardizing the treatment.

The causes of BCG lymphadenitis include virulence of the
vaccine strain, uniformity and concentration of bacterial fluid,
vaccine dose, age of vaccination, immune response to vaccine,
vaccination method, and vaccination technique.” Studies
showed that low age at vaccination was a high risk factor for
adverse events.'® However, the incidence of BCG lymphadeni-
tis in newborns was lower than that in infants (171 per
1,000,000 doses vs. 256 per 1,000,000 doses) in our study.
Surveillance data from Taiwan, China, also showed that there
were more cases of lymphadenitis when BCG vaccination was
performed above five months of age as with at birth, but with
a shorter course of disease.”> More than half of the cases were



related to seven concentrated vaccination batch numbers.
Chinese monitoring data also showed clustering characteristics
of some batch numbers related to BCG lymphadenitis.”
A study by Soh et al. found that the sharp increase in BCG
lymphadenitis might be related to the vaccine batch number,
after excluding vaccine administration-related and host-
related factors.?® After the vaccine strain was switched, more
BCG lymphadenitis cases were found in the United States,”
Saudi Arabia,?” South Korea,'* and Gaza.!® The Denmark II
strain has been used in China since 1993.% Therefore, monitor-
ing of BCG-related AEFIs should be strengthened when con-
sidering vaccine strain changes. The risk of BCG lymphadenitis
is higher with subcutaneous BCG vaccination than with intra-
dermal vaccination.'"” The BCG vaccination method used in
China is intradermal vaccination which is more stringent.
Nurses are prone to inject BCG vaccine into the subcutaneous
or intramuscular region when they are not skilled, which leads
to an increased risk of BCG lymphadenitis. Therefore, it is
recommended to implement a standardized BCG vaccination
protocol, such as strengthening personnel training and select-
ing fixed inoculation personnel, to avoid adverse events and
variations. In addition, government departments should also
strengthen monitoring for AEFIs and adjust the vaccine vari-
eties in a timely fashion when signals indicating increasing
AEFI cases are observed so as to reduce the incidence of BCG
lymphadenitis.

Our study showed that the incidence of BCG lymphadeni-
tis in Shanghai increased rapidly from 2010 to 2012 but has
decreased since 2012. A rising trend in BCG lymphadenitis
incidence was also observed in Hong Kong, China, from
0.43 per 10,000 doses in 2007 to 3.26 per 10,000 doses in
2011.%* The incidence of BCG lymphadenitis in Latvia also
increased from 2005 to 2013, reaching a peak in 2011."7 Since
the strain of BCG used in China has not been altered for some
time, we believe that the following factors may contribute to
the increase in incidence observed in our study. First, there
was aggregation among some batches, and it cannot be ruled
out that some batches of BCG vaccine produced from 2010 to
2013 might have caused a sharp increase in the incidence.
Secondly, the Shanghai Public Health Clinical Center has
been designated to diagnose and treat BCG-induced AEFI
cases in Shanghai since 2009. Communication between cases
in this hospital might have made more patients aware of the
compensation policy for BCG lymphadenitis cases, which led
to more BCG lymphadenitis cases being reported to the
Centers for Disease Control (CDC) on their own initiative.
Perhaps because affected patients did not know where to
report or for some other unknown reasons, we did not receive
any reports of BCG lymphadenitis cases between 2005 and
2009. In addition, in order to find BCG lymphadenitis cases
earlier and avoid delays in treatment, all obstetrics depart-
ments in Xuhui district give notes to newborns’ parents about
the characteristics of BCG lymphadenitis, the designated hos-
pital for treatment, reporting procedures for CDC, and other
pertinent information after BCG vaccination. This may have
led to more cases being reported to the CDC, which is why
the incidence in Xuhui district was higher than that in
Huangpu district. A study also reported a five—fold increase
in the incidence of BCG lymphadenitis with active hospital-
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based surveillance as compared with passive surveillance.”
Since 2012, the incidence of BCG lymphadenitis in Shanghai
has decreased significantly, and the incidence in the first five
years (2010-2014) was 3.5 times that recorded in the more
recent five years (2015-2019). In addition to factors of vac-
cine manufacturers, fixed BCG vaccination nurses in obste-
trics departments in Xuhui district since 2014 cannot be
excluded as one of the reasons leading to the trend of inci-
dence decline.”

This study has several limitations. First, our AEFI monitor-
ing protocol is passive, which will underestimate the incidence
of BCG lymphadenitis to a certain extent. Second, due to
differences in BCG vaccination procedures and vaccine strains
in different countries and regions, the representativeness of our
results is limited. Third, this study did not include the medical
costs of the two immunodeficient BCG lymphadenitis cases
and indirect losses such as missed work costs other than direct
medical costs and transportation costs which resulted in an
underestimation of the disease burden.

In conclusion, BCG lymphadenitis accounted for the major-
ity of AEFI cases caused by BCG vaccination in Shanghai from
2010 to 2019. Although the incidence of BCG lymphadenitis in
Shanghai was higher than the national surveillance level, it was
still lower than that obtained through active surveillance. Due
to the long course of disease and heavy disease burden caused
by BCG lymphadenitis, especially in children with immunode-
ficiency, it is suggested that government departments should
strengthen the training of healthcare providers, assign specific
nurses to perform BCG vaccination, monitor vaccinated
patients actively, and timely detect abnormal signals so as to
reduce the incidence of BCG lymphadenitis. Additionally,
guidelines for the treatment of BCG lymphadenitis should be
created and implemented to avoid overtreatment.
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