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ABSTRACT
The coronavirus disease 2019 (COVID-19) pandemic has had substantial impacts, including disruptions in 
routine vaccinations. In Taiwan, COVID-19 was relatively controllable, and the reduction in routine 
vaccinations was not profound. The impact of the pandemic on vaccination remained unclear. We 
collected vaccination uptake data at our hospital and analyzed the weekly trends of different vaccines. 
We calculated the monthly number of vaccinations and compared consumption before and during the 
COVID-19 pandemic (year 2019 vs years 2020 and 2021). Except for self-paid pneumococcal conjugate 
vaccines (PCV13), a mild (14.6%, p < .001) monthly decrease in government-funded routine vaccination 
and a moderate (28.2%, p = .018) monthly decrease in self-paid vaccination were observed during the 
COVID-19 pandemic. Interestingly, an unexpected surge of PCV13 vaccination occurred with a 355.8% 
increase. The shortage of COVID-19 vaccines and the potential benefits of PCV13 against COVID-19 may 
have contributed to this surge. In conclusion, our study found an obvious disruption of vaccination rates 
in Taiwan during the COVID-19 epidemic. However, an increase in PCV13 vaccination was also observed, 
and the important role of the infodemic was emphasized.
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Introduction

The coronavirus disease 2019 (COVID-19) pandemic fueled by 
severe acute respiratory syndrome coronavirus 2 (SARS-CoV 
-2) has resulted in widespread threats and impacts.1,2 As of 
30 November 2021, there were more than 250 million infected 
people and approximately 5 million deaths.1 A substantial 
impact on routine vaccination was also observed, raising global 
concerns about the potential risks of other vaccine-preventable 
diseases.3–5 Lockdowns, the collapse of the medical system, the 
availability of vaccination clinics and the fear of gathering in 
public areas may have contributed to this reduction in routine 
vaccinations. More than 90% of countries experienced disrup-
tions of medical services and vaccination to some extent.4,6 

A 19.8% reduction in measles-mumps-rubella vaccination 
(MMR) was observed in England in early 2020.7 Compared 
with the same period in previous years, a 21.5% decline in 
noninfluenza childhood vaccine doses was reported in 
Michigan in 2020.8 An obvious decline of 52.5% in routine 
vaccination was observed in Pakistan during the pandemic.9 

Briefly, the disruption of vaccination was a common and 
important phenomenon during the COVID-19 pandemic.

Several aggressive strategies related to COVID-19 have been 
implemented in Taiwan since early 2020, and the situation is 
relatively controllable.10,11 As of 30 April 2021, there were 1128 
confirmed cases (47 cases per million residents).1 COVID-19 

vaccines made by AstraZeneca were introduced in Taiwan in 
March 2021. However, the COVID-19 vaccines were not 
widely available, and acceptance of vaccination against SARS- 
CoV-2 was not high initially.12 The uptake of the vaccine 
remained low, with only 0.24% of the population vaccinated 
with the first dose as of late April 2021 (Figure 1). An unex-
pected surge developed with a seven-fold increase (8511 con-
firmed cases, 357 cases per million residents) within one month 
in May 2021, resulting in public anxiety. People rushed into 
medical units for COVID-19 vaccines, but a shortage of vac-
cines was an important issue. Most people were unable to 
receive vaccination during the epidemic. Some countries 
donated COVID-19 vaccines to Taiwan to help control the 
epidemic, including Japan, the United States, Lithuania, 
Slovakia, and the Czech Republic. Vaccinations against 
COVID-19 have increased rapidly since July 2021, and the 
coverage of the first dose reached 50% by September 2021. As 
public anxiety developed during the epidemic, people looked 
for surrogate vaccinations against COVID-19 due to the 
COVID-19 vaccine supply shortage and the perceived risk of 
infection. Meanwhile, a study was published in mid-March 
2021 that observed a lower risk of COVID-19 in individuals 
with pneumococcal conjugate vaccination (PCV13).13 This 
article was reported in the mass media, and Taiwanese medical 
authorities agreed with the benefits of PCV13 vaccination. 
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However, they noted that further studies were required to 
confirm the findings and clarify the underlying mechanisms, 
and that there was no need to receive self-paid PCV13 during 
the epidemic. However, people who were unable to receive 
COVID-19 vaccination surged into hospitals for self-paid 
PCV13 and the stock of PCV13 was rapidly exhausted. The 
adequacy of vaccine supply became an important concern 
during the COVID-19 pandemic.

Taiwan has a unique national health insurance program 
characterized by broad coverage of residents and most childhood 
vaccinations are government-funded. Briefly, there are five levels 
of medical care units in Taiwan, including medical centers, 
regional hospitals, local hospitals, private clinics, and public 
health centers. Childhood vaccinations are provided in all med-
ical units and the record of vaccination is uploaded in the 
national immunization registration information system. The 
vaccine coverage rate is high and the national vaccination rate 
ranges from 90.9% to 99.3% before the COVID-19 pandemic.14 

As the epidemic continued and became more serious, stricter 
infection control measurements were implemented by the gov-
ernment and hospitals, including mask-wearing, social distan-
cing, temporary closure of schools and restaurants, and 
prohibition of hospital visits since mid-May 2021.15 The lock-
down was not executed, and hospitals and local clinics continued 
to provide medical services. However, people were afraid of 
becoming infected in hospitals and avoided hospital visits. 
There was a substantial decrease in unnecessary hospital visits 
and vaccinations, but the degree of reduction was not investi-
gated. Therefore, we conducted this retrospective hospital-based 
study to explore the impact of COVID-19 on vaccinations in 
Taiwan during the COVID-19 pandemic and the epidemic surge 
in 2021, including self-paid PCV13 vaccinations.

Methods

Study design and data collection

Our study was approved by the Institutional Review Board of the 
MacKay Memorial Hospital, Taipei, Taiwan (approval number 
20MMHIS140e) and conducted in Hsinchu MacKay Memorial 

Hospital, a regional hospital with approximate 500 beds in north 
Taiwan. First, we extracted the daily new cases of confirmed 
COVID-19 in Taiwan and the COVID-19 vaccination rate to 
demonstrate the epidemiology of COVID-19 in Taiwan.1 

Furthermore, we retrospectively collected various vaccine con-
sumption data from our hospital between 1 January 2019 and 
18 October 2021 and compared the trends of vaccine uptake. We 
investigated both government-funded vaccines and self-paid vac-
cines, including pneumococcal vaccines (13-valent conjugate vac-
cine, PCV13; and 23-valent polysaccharide vaccine, PPSV23); 
diphtheria and tetanus toxoid with acellular pertussis, inactivated 
polio, and Haemophilus influenzae type b vaccine (DTaP-Hib- 
IPV); tetanus, diphtheria toxoids, acellular pertussis, and inacti-
vated polio vaccine (Tdap-IPV); tetanus, diphtheria toxoids, and 
acellular pertussis vaccine (Tdap); hepatitis B vaccine (HBV); 
hepatitis A vaccine (HAV); Japanese encephalitis vaccine (JE); 
varicella vaccine (VR); measles, mumps, and rubella vaccine 
(MMR); rotavirus vaccine (Rotarix and Rotateq); human papillo-
mavirus vaccine (HPV); and zoster vaccine (zoster). The daily 
consumption of each vaccine was extracted and analyzed. Since 
the COVID-19 pandemic initiated in early 2020 and we compared 
the monthly vaccine uptake for individual vaccine in different 
years. Furthermore, the first confirmed case was identified on 
20Jan2020 and we divided the study into two periods: pre- 
pandemic (January 2019 to December 2019) and pandemic 
(January 2020 to September 2021) periods. We calculated and 
compared the monthly vaccine uptake of the two periods. We 
summarized the uptake of individual vaccines and then compared 
the monthly uptake of self-paid PCV13 vaccines, all government- 
funded vaccines (NIP vaccines), and all self-paid vaccines. 
Furthermore, to investigate the impact of the COVID-19 surge 
in 2021, we also compared the monthly vaccine uptake in pre- 
2021 surge period (January 2019 to April 2021) and 2021 surge 
period (June 2021 to September 2021).

Statistical analyses

For comparing the monthly uptake of vaccines in different 
years, one-way Analysis of Variance (ANOVA) was applied. 
Independent t tests were used to compare monthly vaccine 

Figure 1. COVID-19 daily new cases and vaccination rate in Taiwan.
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uptake in the pre-pandemic and pandemic periods. A p value 
less than 0.05 was considered to indicate statistical significance. 
The prevalence of confirmed cases and the uptake of vaccines 
were plotted using Microsoft Office, version 2019 (Microsoft 
Corp, New Mexico, USA). Linear regression analyses were 
performed using the equation of linear trend estimation, 
y=αx+ß. The R2 values were calculated, which represented 
the degree of dispersion between individual data and the 
regression line. A higher R2 value indicated lower discrepancies 
between data and a more reliable fitted regression line. We 
used SPSS, version 23.0 (IBM Corp, Armonk, NY, USA) for 
statistical analyses.

Results

Epidemiology of COVID-19 and COVID-19 vaccine uptake

As of 18 October 2021, 16,337 confirmed cases of COVID-19 
were diagnosed in Taiwan (Figure 1). A surge of confirmed 
cases developed between 15 May 2021 and 3 July 2021 (more 
than 50 cases per day). The vaccine rate was 0.78% on 
15 May 2021 and 9.55% on 2 July 2021. A rapid increase in 
the vaccination rate has occurred since July 2021, and the 
vaccine rate for the first dose was 84.7% as of 18 October 2021.

Impact of COVID-19 on vaccine uptake

In total, there were 18,617, 15,745, and 26,399 vaccinations at 
our hospital in 2019, 2020, and 2021, respectively. We sum-
marized the monthly vaccine uptake of individual vaccines in 
Supplementary Table 1. Furthermore, we plotted the monthly 
uptake of vaccines in Figure 2; a substantial reduction of 
routine childhood vaccine uptake was observed since 
January 2020 and the vaccine uptake recovered after 
April 2020 with a peak in October 2020. Following the 
COVID-19 surge in 2021, there was a gradual decline in vac-
cine uptake since March 2021, and vaccine uptake recovered 
after July 2021. A rapid increase in COVID-19 vaccine uptake 
since July 2021 was also observed. The monthly vaccine uptake 
in different years was summarized in Table 1 and significant 
differences were observed in several government-funded vac-
cines after COVID-19 pandemic: all NIP vaccines, PCV13, 
HBV, VR, MMR, and JE. Self-paid vaccines were also 
impacted, including all self-paid vaccines, RV5, and Tdap. 
Furthermore, Table 2 summarizes the comparison of monthly 
vaccine uptake in the pre-pandemic and pandemic periods. 
Significant reductions of both NIP and self-paid vaccines 
were observed in the pandemic period (NIP vaccines: 
−14.6%, p < .001; self-paid vaccines: −28.2%, p = .018). 
Significant decreases of government-funded PCV13, VR, 
MMR, JE and self-paid RV5 and Tdap were noted. 
A significant increase of HBV and both government-funded 
and self-paid PCV13 were disclosed. We further compared the 
monthly vaccine uptake in pre-2021surge period with 2021 
surge period. A mild decrease in NIP vaccines (8.9%) and 
a moderate decrease in self-paid vaccines (35.2%) were 
observed during the epidemic period. There was a statistically 
significant decrease in rotateq (27.5%, p = .002) and JE (40.2%, 
p = .023) vaccination. Nonsignificant decreases in RV1, HPV9, 

HAV, Tdap, HBV, DTaP-Hib-IPV, VR, MMR, and Tdap-IPV 
vaccination were also observed. A nonsignificant increase in 
HBV and self-paid VR vaccination were also noted. There were 
no statistically significant differences in the uptake of other 
vaccines.

Surge of PCV13 uptake

Figure 2 shows a gradual decline in routine vaccine uptake 
since the COVID-19 pandemic, including government-funded 
PCV13 (−25.7%, p < .001, Table 2). However, uptake of the 
self-paid PCV13 increased during the study period (355.8% 
increase, p < .001). Meanwhile, a journal article was published 
on 9 March 2021, and the potential benefits of PCV13 against 
COVID-19 were reported in the mass media starting in late 
May 2021, when COVID-19 vaccines were unavailable. 
Interestingly, there was a surge in PCV13 vaccination begin-
ning in May 2021 (y = 0.599x-4.7914, R2 = 0.2773). As a result, 
the inventory of PCV13 ran out quickly in mid-June-2021. 
Comparing the monthly uptake before April 2021 and after 
June 2021, a nonsignificant increase in PCV13 vaccination was 
observed (306.5% increase, p = .122; Table 2).

Discussion

A disruption of routine vaccination during the COVID-19 
epidemic was common: a mild reduction in NIP vaccines 
(14.6%) and a moderate reduction in self-paid vaccines 
(28.2%) were observed during the pandemic. The impact of 
the COVID-19 pandemic on vaccination was substantial, and 
the risks of contracting vaccine-preventable diseases was an 
important concern during the pandemic. Interestingly, a surge 
of PCV13 vaccination was observed (355.8% increase of self- 
paid PCV13), reinforcing the power of mass media as a double- 
edged sword during the COVID-19 pandemic.

The impact of the COVID-19 pandemic on health care was 
extensive and universal. The WHO Pulse survey showed a 23% 
global reduction in medical services and a 70% partial or 
complete disruption of routine vaccination.4 The disruption 
of vaccination during the COVID-19 pandemic has been 
reported in many areas, and we summarized some reports in 
Table 3.7–9−16–22 The magnitude of reduction varied in differ-
ent countries with different disease prevalence, infection con-
trol measurements, study populations, vaccine strategies, 
vaccine feasibility, and medical resources. A wide range of 
reductions was observed, and our findings were consistent 
with previous studies. The observed reduction was attributed 
to a combination of factors, such as disruptions of medical 
services or vaccination practices, lockdowns, school closures 
and stay-at-home policies, insufficient supplies of personal 
protective equipment and medical staff and health care provi-
der shortages.4,6,23,24 In Piché-Renaud’s study investigating 
reasons for the disruption, 78% of patients and 27% of staff 
were concerned about the risk of contracting COVID-19.22 

Seven percent of medical units lacked medical staff for illness 
or self-isolation, and 9% encountered vaccine shortages or 
supply issues. The period of the Taiwan epidemic was short, 
and no strict lockdown was implemented. The supply of vac-
cines and personal protective equipment were sufficient. Most 
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reductions in vaccination resulted from the perceived risk of 
contracting COVID-19 in public areas or hospitals. In short, 
the disruption of vaccination was an important issue during 
the COVID-19 pandemic, and our study showed similar 
results.

It is clear that there may be collateral damage due to the 
disruption of routine vaccinations. A resurgence of vaccine 
preventable diseases may occur and trigger another wave of 
health threats after the COVID-19 pandemic.25,26 

Furthermore, even during the pandemic, coinfection and 
superinfection are not uncommon, although some diseases 
are vaccine-preventable. Various pathogens causing coinfec-
tion or superinfection have been reported in patients with 
COVID-19, including viruses, bacteria, and fungi.27,28 

Coinfection or superinfection may complicate diagnosis and 
treatment and increase disease severity and mortality.27,29 

A meta-analysis showed that the pooled incidences of coinfec-
tion and superinfection were 19% and 24%, respectively.28 

Some coinfections involved diseases that were vaccine- 
preventable, and a disruption of vaccination could exacerbate 
the clinical course and result in poor outcomes. For example, 
PCV13 is highly effective against invasive pneumococcal dis-
ease (IPD). Compared with IPD monoinfection, patients with 
coronavirus and pneumococcal coinfection had a 7.8-fold 
higher fatality rate.30 The role of coinfection is crucial during 
the COVID-19 pandemic, and a disruption of vaccination can 
be hazardous.

In contrast to the decline in routine vaccinations, the 
reverse pattern of a surge in PCV13 uptake caught our atten-
tion. The initial name of COVID-19 was “Wuhan pneumonia” 
and people believed in the protective efficacy of vaccines 
against “pneumonia”, such as pneumococcal vaccines. 

Furthermore, Lewnard’s study played an important role in 
the surge of PCV13 vaccinations during the Taiwanese epi-
demic; they found a significantly reduced risk of COVID-19 
diagnosis, hospitalization, and mortality in individuals with 
PCV-13 (adjusted hazard ratios: 0.65, 0.68, and 0.68, 
respectively).13 The benefits against COVID-19 were not 
observed in individuals with PPSV23 vaccination. Protection 
against virus-associated community-acquired pneumonia in 
subjects with PCV13 vaccination was reported in a previous 
study.31 Virus-bacteria interactions and alterations of subse-
quent host immune responses may contribute to the observed 
reduced risks. However, concomitant nasal colonization and 
host-bacteria immune interaction may not be the only reason 
for the protection provided by non-COVID-19 vaccines. 
A similar lower risk of COVID-19 was also reported in people 
with Bacillus Calmette–Guérin vaccine (BCG) and MMR 
vaccination.32,33 Trained immunity incited by BCG and other 
live vaccines may explain the beneficial off-target effects. 
Vaccine-induced metabolic and epigenetic changes will 
enhance innate immunity and reduce the risk of subsequent 
SARS-CoV-2 infection. Briefly, PCV13 vaccination is effective 
against pneumococcal infection and colonization and may 
have collateral benefits with other viral infections, such as 
SARS-CoV-2. Further studies are warranted to confirm the 
benefits and clarify the underlying mechanisms.

In addition to reverse increase of self-paid PCV13 uptake, 
a significant increase of government-funded HBV is also noted 
(35.3%, p < .001). The possible explanation may be reduced 
delivery in local clinics and the immediate HBV vaccination 
after birth. The vaccination schedule of HBV is birth, 1-month- 
old, and 6-month-old in Taiwan and the first dose is adminis-
tered within 48 hours after birth.14 Hsinchu MacKay Memorial 

Figure 2. Trends of vaccine uptake during the study period.
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Hospital is also famous for the gynecology & obstetrics, and 
pediatrics. During the pandemic, medical services of delivery 
provided at local clinics may be reduced due to insufficient 
personal protective equipment and diagnostic testing. Delivery 
will be performed at hospitals and neonates will receive the first 
dose of HBV at hospitals. The second and third doses of HBV 
may be shifted to local clinics or postponed as other govern-
ment-funded vaccines. However, further details and nation-
wide surveillance are required to investigate the impact of 
COVID-19 on HBV vaccination and underlying mechanism.

During the pandemic, public anxiety was common, and we 
are inundated with information, both true and false. An info-
demic is too much information during a disease outbreak, which 
leads to confusion and risk-taking behaviors.34,35 As the use of 
social media, the internet and digitization become widespread, 
information spread rapidly, and the infodemic had 
a considerable impact.35,36 False information regarding disease 
transmission, treatment, and vaccination spread and caused 
harmful outcomes. Confusion of “Wuhan pneumonia” and 
“pneumococcal vaccination” and reports of the potential collat-
eral benefits of PCV13 vaccination for COVID-19 spread 
rapidly, and we observed a surge in PCV13 uptake. There was 
an insufficient COVID-19 vaccine supply during the epidemic, 
and people were anxious about getting COVID-19. Although the 
report claimed there was no need to urgently receive PCV13 
vaccination during the pandemic, people rushed to medical units 
for PCV13 vaccinations. Our study indicated the role of the 
infodemic, a double-edged sword for vaccination.

Strengths and limitations of the study

The strength of our study is that it is the first study to 
investigate the impact of COVID-19 on routine vaccinations 
in Taiwan. We also observed an interesting surge of PCV13 
vaccinations. However, our study was subject to some limita-
tions. First, there are many important factors affecting vac-
cine uptake and supply. A rapid consumption of self-paid 
PCV13 vaccines resulted in an exhaustion of storage in mid- 
June 2021. Therefore, the trend of an increase was sharp and 
obvious, but the difference was not statistically significant 
during the epidemic surge in 2021. Second, our study was 
conducted in a local hospital, and people might avoid hospi-
tals and receive routine vaccination at local clinics. Children 
may receive routine vaccination in different medical units, 
consumption of vaccine numbers is not exactly representative 
of vaccination coverage. Furthermore, Taiwan experienced 
a short epidemic period, and the long-term impact remains 
unclear. Nationwide surveillance with vaccine coverage and 
long-term follow-up is valuable. Finally, the prevalence of 
COVID-19, government policy, medical resources, vaccine 
recommendations, coverage rates, and supply changed 
rapidly, and the impact of COVID-19 on routine vaccinations 
varied in different situations.

Conclusion

In conclusion, our study found a mild (14.6%) monthly 
decrease in government-funded routine vaccinations and 
a moderate (28.2%) monthly decrease in self-paid vaccinations 
in Taiwan during the COVID-19 pandemic. Similar trends are 
observed in the short period of epidemic surge in 2021. 
Interestingly, we observed a surge in self-paid PCV13 uptake 
following the report of potential collateral protection of PCV13 
against COVID-19. Further studies are warranted to elucidate 
the impact of infodemics as double-edged swords for routine 
vaccination.
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