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ABSTRACT

A case of illegal vaccine sales in Shandong province, China, (hereinafter, the incident), which caused a lack
of confidence among vaccination recipients and public panic, was uncovered in March 2016. We
conducted a study comprising two cross-sectional surveys: at two months (May 2016) and seven months
(October 2016) after the incident. The study aimed to evaluate the impact on immunizations; investigate
the variation of the immunization coverage of the National Immunization Program Vaccines (NIPV) and
the sales volume growth rate of Category Il vaccines; and understand the reasons for non-vaccination and
perspectives on immunization. The immunization coverage of NIPV decreased by 5.6 percentage points in
the first survey, with a decline of 11.1 in the region of the incident, and decreased by 0.6 in the second
survey compared to same period in 2015. The sales volume growth rate of Category Il vaccines decreased
by 25.8% in the study area and by 48.8% in the region of the incident in April 2016 compared to April
2015. Overall, 15.8% of respondents in the first survey and 7.0% in the second survey did not vaccinate
their children according to the NIPV schedule because of the incident (x> = 78463, P < 0.05). The
vaccination was likely affected by the incident in varying degrees, especially in the involved region and
particularly in relation to Category Il vaccines. Overall, 34% of respondents avoided Category Il vaccines for
their children, indicating that it will take considerable time to eliminate the negative stigma associated
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with the incident.

Introduction

On March 18, 2016, the news site thepaper.cn reported a case of
illegal vaccine sales (hereinafter referred to as the “the inci-
dent”) uncovered by the police in East China’s Shandong prov-
ince. The Shandong Police announced that they had arrested a
mother and daughter suspected of illegally selling improperly
stored vaccines worth more than 570 million Yuan, involving
24 provincial-level regions since 2011. Although produced by
licensed manufacturers, the quality of the vaccines was ques-
tionable as they were not transported or stored properly. The
incident was first reported in late February by the China
National Radio News, but it did not attract much attention.
Afterwards, thepaper.cn aggressively reported the incident
once again and only then did it shock the nation. Moreover, it
triggered widespread public concerns over vaccination safety
and provoked a public health crisis in China." On March 28,
the State Council established a special interdisciplinary team to
investigate the incident and the regulatory system that failed to
prevent the distribution of substandard vaccines. Meanwhile,
the World Health Organization (WHO) issued a prompt state-
ment assuring the public that an adverse reaction to the vac-
cines was unlikely,” and official test results indicated that such
vaccines did not pose a safety risk other than the conventional
adverse reactions.> However, these assurances had little effect

on settling the public outrage. This led to a nationwide lack of
confidence in vaccinations among the public; some individuals
even refused the use of vaccinations entirely.* On April 13, the
interdisciplinary team confirmed that the illegal vaccines had
been disposed of; in addition, the State Council announced that
more than 200 people had been detained for their involvement
in the incident, and 357 government employees had received
punishments, such as dismissals and demotions.” Since then,
the public opinion begun to subside."°

Vaccines are temperature-sensitive biological products that
need to be adequately refrigerated and transported under
strictly controlled conditions to ensure vaccine efficacy.” Since
the 1980s, China worked with UNICEF to build a vaccine cold-
chain system. The gradual popularization of the system has
enabled all regions of China in different climates to provide
routine immunization services, avoid the loss of vaccine
potency, and consequent invalid vaccination.® At present,
China has achieved nationwide vaccination coverage. In China,
vaccines are divided into two categories under the regulation
covering distribution and vaccination issued in 2005: Category
I vaccines are those that are provided free of charge by the gov-
ernment to the citizens, mainly including the National Immu-
nization Program Vaccines (NIPV); Category II vaccines are
the vaccines that need to be self-funded. In contrast to Category
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I vaccines, which are distributed with stringent cold-chain
management by the Centers for Diseases Control and Preven-
tion, the procurement and distribution of Category II vaccines
are usually undertaken by enterprises,” increasing the risk of
improper storage and transportation. The incident that started
at Shandong province involved only Category II vaccines,
which were apparently stored and transported without the
proper care to obtain higher profits.">*°

To evaluate the level of impact of the incident on vaccina-
tion and provide scientific evidence for decision-making, we
conducted this study in 12 provinces two months and seven
months after the incident to measure the vaccination changes
and post-incident recovery.

Results
Immunization coverage of NIPV

Table 1 shows the differences in the immunization coverage of
NIPV in April and September 2016 compared to April and Sep-
tember 2015 in the different regions. In the first survey, the
immunization coverage of NIPV was 86.4% in April 2016 for
the survey area, which decreased by an average of 5.6 percent-
age points compared with that in April 2015. Additionally,
there was a decrease of 11.1 and 1.3 percentage points in
Regions I and II, respectively. In the second survey, the immu-
nization coverage of NIPV for the study area was 93.3% in
September 2016, which represented an decrease of 0.6 percent-
age points compared with that in September 2015, with an
increase of —2.0 and 0.4 percentage points in Regions I and II,
respectively.

Figure 1 illustrates the differences in immunization coverage
of 10 common NIPV in the April and September 2015 and
2016 for the study area. In the first survey, the immunization
coverage in April 2016 decreased by varying degrees, and seven
types of NIPV declined by more than 5 percentage points com-
pared with April 2015. In the second survey, the immunization
coverage of five types of NIPV in September 2016 had already
increased in varying degrees, along with a decrease of 2-4 per-
centage points in the application of polio vaccines, diphtheria-
tetanus vaccine and Group A and C meningococcal vaccine,
compared with that in September 2015.

Sales volume growth rate of Category Il vaccines

Figure 2 shows the sales volume growth rate of Category II
vaccines from January to September 2016 compared to that
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of same period in 2015 for the different regions. In the study
area, the sales volume growth rate in February 2016 was
high (19.8%), followed by a slight decrease in March, the
largest decrease (by 25.8%) in April, and a further decrease
by approximately 10% in September 2016. In Region I, the
largest decrease (by 48.8%) in the sales volume growth rate
was in April 2016, after which it increased moderately
between May and August. The sales volume growth rate was
5.7% lower in September 2016 than in September 2015. In
Region II, the sales volume growth rate reached the greatest
decrease (by 25.9%) in July after a decrease of 11.8% in April
2016. The sales volume growth rate was more than 15%
lower in September 2016 compared with that in September
2015.

Household surveys

Characteristics of children

We interviewed 2,255 and 2,189 guardians of children in the
first and second surveys who did not receive the NIPV vacci-
nation according to the vaccination schedule after the inci-
dent, respectively. The response rate was 100% and 95.4%
for the first and second surveys, respectively. Over 51% of
the respondents lived in urban areas and >85% were the
children’s parents. The majority of the respondents have at
least junior high school education level. A total of 86.8% of
the respondents gave a definite yes when asked if they had
heard of the incident. The main information source regard-
ing the incident was the Internet, accounting for 49.6% of
the respondents.

Reasons for avoiding the immunizations and willingness

to receive NIPV vaccination

There were statistically significant differences among the varia-
bles between the two surveys in the different regions (Table 2).

Awareness rates and reasons for avoiding
the immunizations

In the first and second survey, the awareness rates were 87.9%
and 78.9% for the survey area (x* = 65.882, p < 0.05), 89.8%
and 82.8% for Region I (x> = 23.934, p < 0.05), and 85.9% and
74.9% for Region II (x* = 41.782, p < 0.05), respectively. The
percentage of respondents who did not take their children for
NIPV vaccination as scheduled because of the incident was
15.8% and 7.0% for the survey area (x> = 78.463, p < 0.05),

Table 1. Comparison of the change of vaccination rates of NIPV in the survey area in the two surveys.

First survey’'

Second survey?

Immunization coverage (%)

Percentage Point

Immunization coverage (%)

Percentage Point

Survey area 2015 2016 Difference 2015 2016 Difference
Region | 87.1 76.0 —11.1 914 89.4 -2.0
Region Il 95.2 93.9 —-13 95.6 96.0 0.4
Total 92.0 86.4 —5.6 93.9 933 -0.6

Note: 1. The first survey compared changes in the NIPV vaccination rates between April 2016 and April 2015
2. The second survey compared changes in the NIPV vaccination rates between September 2016 and September 2015.

3. NIPV is the general term for national immunization program vaccines.
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Figure 1. Differences in the immunization coverage of the 10 types of NIPV in the study area in the two surveys. Notes: 1. NIPV include Hepatitis B vaccine (HepB),
Bacillus Calmette Guerin vaccine (BCG), diphtheria-tetanus-pertussis vaccine (DTP), polio vaccine (PV), measles-containing vaccine (MCV), epidemic cerebrospinal meningi-
tis group A polysaccharide vaccine (MPVA), Japanese Encephalitis vaccine (JE), Hepatitis A vaccine (HepA), Diphtheria-Tetanus (DT) vaccine, and epidemic cerebrospinal
meningitis group A and C polysaccharide vaccine (MPVAC). 2. The first survey compared changes in the NIPV vaccination rates between April 2016 and April 2015. 3. The
second survey compared changes in the NIPV vaccination rates between September 2016 and September 2015. 4. Bar labeled “Total” represents the aggregate of the 10

NIPV reviewed in the study regions.

19.0% and 11.6% for Region I (x* = 19.379, p < 0.05), and
12.2% and 2.3% for Region 1T (x* = 82.159, p < 0.05),
respectively.

Perspectives on vaccine safety and effectiveness

In the first and second survey, the proportions of respondents
with negative views on vaccine safety were 22.7% and 20.7% for
the survey area (x* = 53.327, p < 0.05), 15.8% and 23.0% for
Region I (x* = 98.994, p < 0.05), and 30.5% and 18.2% for
Region II (x> = 43.860, p < 0.05), respectively. The propor-
tions of respondents with a negative perspective on vaccine
effectiveness were 19.6% and 14.7% for the survey area (x* =
41.847, p < 0.05), 12.4% and 15.8% for Region I (x> = 38.855,
p < 0.05), and 27.8% and 13.5% (x> = 66.116, p < 0.05) for
Region II, respectively.
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Figure 2. Comparison of the growth rate of sales volume of Category Il vaccines
from January to September 2016 compared with the same period in 2015 in the
study area

Subsequent decision of vaccination

In the first and second survey, the percentage of respondents
that were not negatively influenced by the incident were 47.6%
and 57.4% for the survey area (x> = 130.241, p < 0.05), 45.9%
and 58.4% for Region I (x* = 60.187, p < 0.05), and 49.5% and
56.4% for Region II (x* = 78.712, p < 0.05), respectively. The
proportion of respondents who chose not to vaccinate their
children with Category II vaccines increased from 27.6% to
36.1% for Region II while there was a slight decrease by 0.2% in
Region L.

Discussion

Although the efficacy and safety of vaccines have continued to
improve, negative information about vaccines still disrupts
public confidence in vaccinations globally.'” The present study
referred to an incident in which an illegal dealer sold Category
IT vaccines, that were stored and transported inappropriately
without using cold-chain equipment; therefore, the efficacy and
safety of the vaccinations could not be guaranteed. The media
intensively reported the incident, causing public panic and dis-
trust of vaccinations.">*'" Thus, we conducted a study to
assess the impact of the incident on vaccinations through two
surveys applied in 12 provinces in China. The first survey
aimed to investigate the impact of the incident on vaccination
in May 2016 and the second survey aimed to assess the post-
incident recovery in October 2016.

The first survey showed that although NIPV were not
involved in the incident, the immunization coverage for NIPV
in the study area decreased in varying degrees compared with
that in the corresponding month of the previous year, being
this decrease more pronounced in Region I compared with
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Region II. Furthermore, the sales volume growth rate of Cate-
gory II vaccines in April 2016 decreased by 25.8% in the study
area and by 49.8% in Region I compared with that in the corre-
sponding month of the previous year. The findings indicated
that vaccination was very likely affected by the incident in the
survey area, and that Category II vaccines were more seriously
affected in the different regions. Chen Wei et al.'* pointed out
that the immunization coverage of NIPV in Tianjin City, China
in March 2016 dropped 1.47% to 8.92% compared with that in
March 2015, whereas varicella vaccination (Category II vaccine
in China) decreased >40% compared with that in March 2015.
Chen Baolin et al."” in Urumgi City and Wang'* in Henan
province also found that the number of Category II vaccina-
tions had decreased >50% in the same periods while NIPV vac-
cination suffered moderately negative effects. These findings
were consistent with ours. However, Luo et al."” found that the
immunization coverage of NIPV in Hubei province of China
significantly dropped >20%. These findings indicate that NIPV
vaccination was subject to a greater negative impact in some
areas than in others. After the government took the necessary
steps to contain the incident and carried out positive publicity
and health education, the immunization coverage of NIPV in
September 2016 only decreased by an average of 0.6% com-
pared with that in September 2015. This indicated that the neg-
ative influence on NIPV vaccination might be weakening or
may have even gradually disappeared. We also found a slight
decrease in the vaccination of a few NIPV in September, likely
because of the temporary shortage due to the adjustment of the
immunization strategy for poliomyelitis eradication in response
to the WHO resolution starting on May 1, 2016,'>'” and/or
delays on the biological product approval by the government.'®
Additionally, the study shows that the use of Category II vac-
cines has gradually improved by 10% to 15% between August
and September 2016, which seems to indicate that the concerns
raised by the incident had eased down after the temporary
shortage of Category II vaccines due to the revision of the “Chi-
nese regulations for vaccine storage and transportation.”*®

According to the analysis of public opinion, the incident was
classified into four stages: incubation, outbreak, investigation
and disposal, and extinction periods. The public concern raised
by the incident gradually subsided after the state council
released the final settlement of the incident on April 13,
2016."" In the present study, we also found that the largest
decrease in sales volume of Category II vaccines occurred one
month after the incident (April 2016), but that it then
rebounded after May 2016. Accordingly, this study showed that
there was a substantial impact on vaccination as vaccinations
decreased after the incident; however, the public seemed to
remain observant and did not rush to make a decision while
the situation was unclear. Thus, a fast response to the incident
might be helpful to mitigate the negative impact in such
situations.

The incident also seemed to indicate that vaccination
became a victim of its own success, meaning that the growing
effectiveness of vaccines made the public pay close attention
to the risks of vaccination rather than to the burden of the
disease the vaccine was designed to prevent. This has led to a
loss of confidence in vaccinations among the public, which

has become a global issue.”® As the Internet has changed the
way people access information and communicate, it has also
deepened the trend of vaccine distrust.”’ Nearly 50% of the
public information of the incident came from the Internet,
and the emotional aspect of the incident worsened the public
panic and mistrust." According to the first survey in this
study, the proportion of respondents not willing to have their
children vaccinated for NIPV according to the vaccination
schedule because of the incident reached 15.8% in the study
area and was even as high as 19% in Region I. As the incident
developed, public attention and awareness decreased. More
than 20% of the respondents had not heard of the incident,
and the proportion of children who were not vaccinated
according to the vaccination schedule because of the incident
dropped sharply to 7% by the second survey. However, the
proportion of children who lack of motivation to receive
NIPV increased from 2.1% to 4.2% in the study area, which
seems to indicate that the impact of the incident did not
completely disappear and that long-term efforts must be
made. Moreover, although the incident involved only Category
IT vaccines made by legal manufacturers without safety issues
identified by repeated testing by the government and the
WHO,>? the proportion of respondents with definitive nega-
tive views still reached 20.7% on vaccine safety and 14.7% on
vaccine effectiveness in the study areas during the second sur-
vey. These facts indicated that the public trust in vaccination
is not always based on scientific evidence but often results
from many factors related to psychology, social science, and
politics."® Although the proportion of parents who were hesi-
tant about their children receiving vaccinations decreased
from 22.3% to 8.6% in the second survey, 34% of respondents
still avoided Category II vaccines for their children. This fur-
ther suggests that raising the public confidence regarding the
safety of Category II vaccines and eliminating the impact of
the incident is a long-term task.

The study has several limitations; thus, the results must be
cautiously interpreted when extrapolating to a larger popula-
tion. First, this was a cross-sectional study without a control
group, the results can be suggestive but are too weak to estab-
lish any causal relationship among the related factors.** A fur-
ther inferential study is needed to identify such relationships.
Second, it may overestimate the impact because of the sample
of health centers with definite clues and the developed provin-
ces with convenient transportation and communication may
not be the representative of the entire country. Finally, the
structural temporary shortage of Category II vaccines after the
adjustment of procurement and distribution since April 23,
2016,> and the nationwide shortage of polio vaccine because of
insufficient production after adjustment of the immunization
strategy on May 1, 2016** affected the vaccination to some
extent.

Although the present results need to be interpreted with
caution, this study showed that vaccinations were most likely
negatively affected by the incident to varying degrees, particu-
larly in the region involved in the incident and particularly
regarding the use of Category II vaccines. In the second survey,
a considerable proportion of respondents mentioned a lack of
interest in vaccinating their children with Category II vaccines,



which indicates that long-term measures are necessary to elimi-
nate such negative effects.

Materials and methods
Study design and sampling methods

In this study, we conducted two cross-sectional surveys: at two
months (in May 2016) and at seven months (in October 2016)
after the incident. We measured the variation of the immuniza-
tion coverage of NIPV and sales volume growth rates of Cate-
gory II vaccines to evaluate the impact of the incident on
vaccinations. We employed the stratified sampling method to
select 12 provinces as the study areas according to willingness

Monthly sales volume data 2016 — same month sales volume data 2015
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order to determine the reason for the lack of immunization and
their level of confidence in the vaccination program applied in
the surveyed towns.

Data analysis

The difference of the immunization coverage of NIPV in April
and September 2016 was compared with that during the corre-
sponding period of the previous year by cumulatively calculat-
ing the impact of the NIPV vaccination by townships for each
regions. Furthermore, we calculated the monthly sales volume
growth rates of Category II vaccines from January to September
2016 based on the following formula:

Monthly sales volume growth rate (%) =

to cooperate, geographical distribution and the definite clues of
the incident provided by the police, which are published on the
website of Shandong Food and Drug Administration,” includ-
ing six provinces with definite clues that were involved in the
incident (Region I) and six provinces that were not involved in
the incident (Region II). The eastern, middle and western parts
of China respectively selected two provinces for each region. In
Region I, we sampled the townships from the list of those town-
ships involved in the incident provided by the police. In Region
II, two districts in the most developed metropolises of Beijing,
Shanghai, and Tianjin, and one district and one county with
convenient transportation and advanced communications in
the rest of three provinces, were selected at the provincial level.
Each county/district randomly sampled three townships. In
total, each province investigated at least two counties and six
townships. Finally, 76 townships or community health centers
were surveyed twice in the different periods of study. Aside
from performing the survey at health centers, we also con-
ducted household interviews to find at least 30 children aged
less than 3 years who had not received immunization for NIPV
according to the vaccination schedule after the incident in each
township to determine the reason for the lack of immunization
and the perspectives of their guardians on vaccination. In total,
there were at least 180 children interviewed in each province
for each survey.

Data collection

Unified questionnaires were used to collect the data, and inves-
tigators received training for application of the questionnaires
before performing the fieldwork. The NIPV vaccination data in
April and September 2015 and 2016, and the sales volume data
of Category II vaccines from January to September 2015 and
2016 were respectively collected for each township in the two
surveys based on the immunization registry and vaccine deliv-
ery information kept at the health facilities. Afterwards, investi-
gators carried out household surveys to interview the guardians
of children 3 years of age or less who did not comply with their
NIPV vaccination according to the vaccination schedule in

x100%

Same month sales volume data 2015

The chi-squared test was used to compare the differences in
sample rates between different survey rounds and regions with
statistical significance. We used EPIDATA 3.0 (The EpiData
Association, Odense, Denmark) to build the database, collect
the data, and run double entry and logic checks. Descriptive
analysis was performed using SPSS 20.0 (SPSS Inc., Chicago,
IL, USA) and Excel.
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