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Abstract: During the coronavirus disease 2019 (COVID-19) pandemic, global vaccination efforts de-
clined due to the burden on health systems and community resistance to epidemic control measures. 
Influenza and pneumococcal vaccines have been recommended for vulnerable populations to pre-
vent severe pneumonia. We investigated community response towards influenza and pneumococ-
cal vaccines (pneumococcal conjugate vaccine and pneumococcal polysaccharide vaccine) after the 
COVID-19 outbreak in Taiwan. We retrospectively included adults who visited Chang Gung Me-
morial Hospital (CGMH) institutions for influenza or pneumococcal vaccination from January 2018 
to December 2021. The first case of COVID-19 in Taiwan was detected in January 2020; therefore, in 
this study, hospitalized cases from January 2018 to December 2019 were defined as “before COVID-
19 outbreak,” and hospitalized cases from January 2020 to December 2021 were defined as “after 
COVID-19 outbreak”. A total of 105,386 adults were enrolled in the study. An increase in influenza 
vaccination (n = 33,139 vs. n = 62,634) and pneumococcal vaccination (n = 3035 vs. n = 4260) were 
observed after the COVID-19 outbreak. In addition, there was an increased willingness to receive 
both influenza and pneumococcal vaccinations among women, adults without underlying disease 
and younger adults. The COVID-19 pandemic may have increased awareness of the importance of 
vaccination in Taiwan. 
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1. Introduction 
Routine immunization of adults has received increased attention in recent years due 

to the recognition of the substantial burden of vaccine-preventable diseases in this age 
group. In the US, routine annual influenza vaccination is recommended for all persons 
aged ≥6 months who do not have contraindications. Pneumococcal polysaccharide vac-
cines are recommended for elderly patients and those with specific medical or other con-
ditions. This should be followed by 1 year of the recommended dose of pneumococcal conju-
gate vaccine (PCV) for otherwise healthy adults aged 65 years or older. A single dose of PCV 
is recommended for adults aged 19 years and older with high-risk conditions such as func-
tional or anatomic asplenia, immunosuppression (including hematologic malignancy, gener-
alized malignancy, and immunosuppressive medications), renal disease (chronic renal failure 
or nephrotic syndrome), cochlear implants, or cerebrospinal fluid leakage. 

Some studies reported that during the coronavirus disease 2019 (COVID-19) pan-
demic, routine immunization activities were at risk of disruption due to burden on the 
health system, reduced need for vaccination owing to physical distancing requirements, 
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and community resistance [1]. In the United States, several studies have reported a decline 
in routine vaccination doses (non-influenza) due to the COVID-19 pandemic [2,3]. Addi-
tionally, the fear of contracting severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2) in a medical setting may discourage families from seeking medical care, including 
annual influenza vaccinations. On the other hand, there has been considerable concern 
about the safety and efficacy of the COVID-19 vaccine based on individual surveys [4,5]. 
People may choose vaccines that protect against other infectious respiratory diseases in-
stead of COVID-19 vaccination for compensation. In a UK-wide observational study, 
COVID-19 resulted in substantial uptake of influenza vaccination among previously eli-
gible yet not vaccinated individuals [6]. According to some researchers, the incidence of 
COVID-19 in the elderly (>65 years old) may be reduced by influenza vaccination [7]. Fur-
thermore, educating the public about recent evidence suggesting that the influenza and 
SARS-CoV-2 co-infection doubles mortality compared to the infection with SARS-CoV-2 
alone has raised public awareness of influenza vaccines in the United Kingdom [8]. Alt-
hough there is still no solid evidence of how influenza vaccines may or may not relate to 
COVID-19 infection, to our knowledge, we believe these multifaceted discussions repre-
sent the public’s attention to seeking varied solutions for COVID-19. 

A common complication of COVID-19 is bacterial co-infection [9]. Reports have sug-
gested that SARS-CoV-2 may enhance bacterial colonization and attachment to host tis-
sues, and that concurrent infections may cause irreversible tissue damage and exacerbate 
pathology [10]. Furthermore, the prevalence of COVID-19-associated co-infections and 
secondary infections is up to 45% [11], and secondary bacterial infections are responsible 
for half of all deaths [12]. Additionally, bacterial co-infection increases the risk of death in 
COVID-19 patients by 5.82 times compared to those without co-infection [13]. A recent 
Mayo clinic study [14] reported that pneumococcal 13-valent conjugate vaccine (PCV13)-
vaccinated adults acquired certain pneumococcal strains and were 35% less likely to be 
infected with COVID-19 than non-vaccinated adults. 

This study investigated whether the COVID-19 pandemic has changed the public be-
havior towards influenza vaccine and pneumococcal vaccine in Taiwan. In this research, 
we compared the demographics and underlying health conditions of individuals who re-
ceived influenza and pneumococcal vaccinations between 2018–2019 and 2020–2021. 

2. Materials and Methods 
2.1. Participants 

A total of 105,386 adults (age ≥ 17 years-old), who visited the Chang Gung Memorial 
Hospital (CGHM) institutions and received an influenza or pneumococcal vaccine be-
tween January 2018 and December 2021, were enrolled in the study. 

In Taiwan, government-funded annual influenza vaccines are provided to individu-
als aged >50 years, healthcare workers, and people with risk factors for severe influenza 
development. Government-funded pneumococcal vaccines include pneumococcal poly-
saccharide vaccine (PPSV23, Pneumovax® NP Merck & Co., Inc., Kenilworth, NJ, USA) 
and are provided to senior citizens, as defined by the local government. Adults may 
choose PCV13 (Prevenar13® Pfizer Inc., New York, NY, USA) at their own expense. Influ-
enza vaccine included Vaxigrip Tetra® (Sanofi Pasteur, Val de reuil Cedex, France), Fluarix 
Tetra® (GlaxoSmithKline Biologicals, Dresden, Germany), AdimFlu-S (QIS)® (Adimmune 
Inc., Taichung, Taiwan) and FLUCELVAX QUAD® (CSL Behring GmBH, Marburg, Ger-
many). These vaccines were provided randomly to public in Taiwan according to the pur-
chase amount by government since October every year. 
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2.2. Data Collection 
The Chang Gung Research Database (CGRD) [15] contains information on patients 

who received influenza or pneumococcal vaccinations in medical institutions of the 
CGMH system. We collected the data retrospectively by filtering cases with the Interna-
tional Statistical Classification of Diseases and Related Health Problems 10th Revision 
(ICD-10) and prescription numbers (including influenza vaccine, PCV13 and PPSV23) in 
CGRD. All the information was de-identified and aggregated for analysis. As a result, we 
did not obtain specific consent for publication from the patients who participated in the 
study. This research included four medical institutes located in southern and northern 
Taiwan (Kaohsiung, Chiayi, Linkou, and Keelung branches). 

2.3. Outcomes Measure 
Individuals with multiple visits to CGMH institutions were counted as multiple 

cases. For example, a person who visited a CGMH institution and received an influenza 
vaccination in 2018 and 2019 was counted as two cases. In Taiwan, patients who came for 
vaccinations were required to have their health identification cards, and all cases had to 
be registered while receiving any type of vaccines. As such, healthcare providers could 
check the timing of vaccines and prevent administering repeat shots of the same type of 
vaccine within the wrong schedule. This method helps avoid administering two influenza 
vaccines in a year. Moreover, according to Taiwan Centers of Disease Control (CDC), gov-
ernment-funded PPSV23 has been provided to individuals >75 years old once in a lifetime 
since 2007, and those who received PPSV23 first can get PCV13 after at least a year, and 
vice versa [16]. Hence, in our outcomes, we might find individuals who came to our insti-
tution twice in different years. COVID-19 was first detected worldwide in December 2019, 
and the first reported case in Taiwan was detected in January 2020 [17–19]. Therefore, in 
this study, hospital cases from January 2018 to December 2019 were defined as “before 
COVID-19 outbreak,” and hospital cases from January 2020 to December 2021 were de-
fined as “after COVID-19 outbreak.” 

2.4. Data Analysis 
Age, as a continuous variable, was presented as the mean with standard deviation. 

Categorical variables were presented as numbers and percentages. The t-test was used to 
analyze continuous variables. The chi-square test was used to analyze categorical varia-
bles. Results were considered statistically significant for a two-tailed test if the p-value 
was < 0.05. All statistical analyses were performed using SPSS for Windows (version 22.0, 
2013, IBM Corp., Armonk, NY, USA). 

3. Results 
3.1. Clinic Population and Duration 

Outpatient visits at the Keelung, Linkou, Chiayi, and Kaohsiung branches of the 
Chang Gung institution were analyzed. The total number of outpatient visits in 2018, 2019, 
2020, and 2021 were 1,590,976, 1,894,144, 1,731,762, and 1,759,111, respectively. This study 
defines January 2020 as the time of the COVID-19 outbreak. A total of 105,386 adults (>17 
years old) who received the influenza vaccine or pneumococcal vaccine (PCV13 or 
PPSV23) were enrolled in this retrospective study from 1 January 2018 to 31 December 
2021; 95,773 and 9613 cases were immunized with the influenza and pneumococcal vac-
cines (PCV13 or PPSV23), respectively (Figure 1). Overall, the number of people vac-
cinated against influenza was 33,139 (0.95%) and 62,634 (1.79%) before and after the out-
break (p < 0.001). The number of people who received pneumococcal vaccines was 3035 
(0.09%) before the outbreak compared with 4260 (0.12%) after the outbreak (p < 0.001). 
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Figure 1. Flowchart of inclusive criteria for the study. Abbreviations: pneumococcal 13-valent con-
jugate vaccine (PCV13) and pneumococcal polysaccharide vaccine (PPSV23) 

3.2. Influenza Vaccination Cases before and after COVID-19. 
An increasing number of cases was observed after COVID-19 (n = 33,139 vs. n = 

62,634, in 2018–2019 and 2020–2021, respectively). We found significant differences be-
tween age, gender, location, and all underlying diseases (p < 0.001) (Table 1). 

Table 1. Characteristics of cases injected with influenza vaccine before and after COVID-19 out-
breaks. (n = 95,773). 

 Before Outbreak  
(n = 33,139) 

After Outbreak  
(n = 62,634) p-Value 

Age 66 ± 13.8 54 ± 18.3 <0.001 
Male sex 16,471 (49.7%) 25,319 (40.4%) <0.001 
Location    

Kaohsiung institution 24,170 (72.9%) 36,734 (58.6%) 

<0.001 Chiayi institution 706 (2.1%) 3465 (5.5%) 
Linkou institution 5956 (18%) 18,079 (28.9%) 

Keelung institution 2307 (7%) 4356 (7%) 
Without underlying diseases 9298 (28.1%) 31,554 (50.4%) <0.001 

Underlying diseases    
Hypertension 16,725 (50.5%) 21,143 (33.8%) <0.001 

Diabetes mellitus 11,485 (34.7%) 14,342 (22.9%) <0.001 
Liver cirrhosis 1177 (3.6%) 1266 (2%) <0.001 

End stage renal disease 971 (2.9%) 1472 (2.4%) <0.001 
Coronary artery disease 4515 (13.6%) 5191 (8.3%) <0.001 

Heart failure 1989 (6%) 2140 (3.4%) <0.001 
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Cerebrovascular accident 5135 (15.5%) 6882 (11%) <0.001 
Malignancy 5770 (17.4%) 7511 (12%) <0.001 

Data were presented as a number (percentage) and mean ± standard deviation. 

The location distribution shifted to more cases in the Keelung, Linkou, and Chiayi 
institutions (Table 1). Linkou and Kaohsiung branches are medical centers, which contain 
3700 and 2640 beds, respectively, while Keelung and Chiayi branches are regional hospi-
tals with fewer than 2000 beds. We noticed that all cases increased in different locations 
after the COVID-19 outbreak, but the two medical centers still constituted the majority. In 
addition, patients without a history of underlying diseases showed an increased willing-
ness to receive influenza vaccination. Since the Taiwan Centers for Disease Control an-
nounced influenza vaccination every October, we observed that the number of cases in-
creased in October after the COVID-19 outbreak (Figure 2a). In Figure 3, we compared 
case numbers in different years and different seasons. Data shows apparent surge of in-
fluenza vaccine administration in 2021 (Figure 3a). Also, based on data from the Taiwan 
Centers for Disease Control, we found that cases of severe complicated influenza de-
creased significantly after COVID-19 outbreak in 2020 and 2021 (Figure3b). 

 

 
Figure 2. Number of cases of (a) influenza vaccination and (b) pneumococcal vaccination before and 
after COVID outbreak. 
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Figure 3. (a) Numbers of cases receiving influenza vaccines (b) Numbers of cases with severe com-
plicated influenza in Taiwan. Data from the Taiwan Centers for Disease Control. 

3.3. Pneumococcal Vaccination Cases before and after COVID-19. 
An increasing number of cases was observed after the outbreak of COVID-19 (n = 

3035 vs. n = 4260, in 2018–2019 and 2020–2021 respectively). There were significant differ-
ences between patients who received a pneumococcal vaccine (PCV13 or PPSV23) after 
COVID-19 and those who did not (p < 0.001). In addition, there was a significant difference 
(p < 0.001) between patients who received PCV13 vaccination more frequently than 
PPSV23 vaccination after the outbreak. Patients vaccinated with the pneumococcal vac-
cine after the COVID-19 outbreak had a lower proportion of hypertension than before the 
outbreak (p < 0.001). Furthermore, patients without underlying diseases demonstrated 
greater interest in receiving pneumococcal vaccination (Table 2). For the monthly 
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comparison, we analyzed elevated cases, except in December, after the COVID-19 out-
break (Figure 3b). 

Table 2. Characteristics of cases injected with pneumococcal vaccine before and after COVID-19 
outbreaks. (n = 7295). 

 Before Outbreak  
(n = 3035) 

After Outbreak  
(n = 4260) 

p-Value 

Age 72 ± 12.1 68 ± 14.5 <0.001 
Male sex 1508 (49.7%) 2011 (47.2%) 0.037  
Location    

Kaohsiung institution 1953 (64.3%) 2617 (61.4%) 

0.240 
Chiayi institution 125 (4.1%) 193 (4.5%) 
Linkou institution 670 (22.1%) 966 (22.7%) 

Keelung institution 287 (9.5%) 484 (11.4%) 
Vaccine type    

PCV13 1366 (45.0%) 2620 (61.5%) <0.001 
PPSV23 1669 (55.0%) 1640 (38.5%) 

Without underlying diseases 807 (26.6%) 1320 (31.0%) <0.001 
Underlying diseases    

Hypertension 1675 (55.2%) 2157 (50.6%) <0.001 
Diabetes mellitus 1181 (38.9%) 1512 (35.5%) 0.003  

Liver cirrhosis 95 (3.1%) 111 (2.6%) 0.183  
End stage renal disease 91 (3%) 143 (3.4%) 0.392  
Coronary artery disease 379 (12.5%) 534 (12.5%) 0.952  

Heart failure 199 (6.6%) 263 (6.2%) 0.508  
Cerebrovascular accident 499 (16.4%) 698 (16.4%) 0.949  

Malignancy 531 (17.5%) 682 (16%) 0.093  
Data were presented as a number (percentage) and mean ± standard deviation. Pneumococcal 13-
valent conjugate vaccine (PCV13) and pneumococcal polysaccharide vaccine (PPSV23). 

3.4. Influenza and Pneumococcal Vaccination around the COVID-19 Outbreak Point in Taiwan 
Between 2018 and 2021, the number of influenza vaccinations was the highest every 

October, except for 2019. We observed low numbers of influenza vaccine in October 2019, 
but a dramatic increase from December 2019 to January 2020. For pneumococcal vaccina-
tion, we observed distinctly increased number of vaccinations between December 2019 and 
January 2020, and between October 2020 and June 2021 (Figure 2). This pattern suggests that 
the COVID-19 outbreak may have influenced the public’s interest in receiving both influenza 
and pneumococcal vaccinations in Taiwan, with an increased number of vaccinations admin-
istered around the outbreak point and throughout the subsequent months. 

4. Discussion 
4.1. Increased Willingness for Pneumococcal Vaccination after the COVID-19 Pandemic 

In our study, we found elevated willingness for pneumococcal vaccination after the 
COVID-19 outbreak. This might be due to the public’s awareness of severe pneumonia. 
The WHO had already claimed that the most common diagnosis for COVID-19 is severe 
pneumonia due to acute respiratory infection [20]. Furthermore, bacterial coinfection or 
secondary bacterial infections are common complications of respiratory viral disease [21]. 
Hence, the importance of patients be immunized to reduce the risk of preventable coin-
fections with other etiology were emphasized. These perspectives brought people tend to 
prevent not only COVID-19 but also other pathogens that might cause severe pneumonia, 
and that might be one of the reasons why Taiwanese paid more attention to pneumococcal 
vaccination. 
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Moreover, several studies conducted in children and adults showed that pneumo-
cocci were associated with virus-associated respiratory diseases, including the human 
coronavirus, suggesting their role as a causative agent [22–24]. Another study in France 
even claimed that COVID-19 pandemic is an opportunity to increase in influenza and 
pneumococcal vaccine coverage in the at-risk population [25]. We believed that even 
though there was no certain findings of pneumococcal vaccine and better COVID-19 out-
comes, the role of public behaviors over COVID-19 prevention and pneumococcal vaccine 
is worth exploring. 

4.2. Increased Desire for Influenza Vaccination after the COVID-19 Pandemic 
Since COVID-19 and influenza are both respiratory infectious diseases caused by en-

veloped RNA viruses that have similar transmission routes and clinical characteristics 
[26], there has been a growing interest in the relationship between influenza immunity 
and SARS-CoV-2 infection among researchers. In their cohort study, Maor et al. reported 
an increased willingness to receive an influenza vaccine between 2020 and 2021 compared 
to the 2019–2020 season, with an increase of 22.6% in people aged less than 65 years and 
an increase of 7.3% in people aged 65 years and older in the Jewish Israeli population [27]. 
This report found similar results to our study in that more adults tended to accept the 
influenza vaccine after 2020. 

We surmised that the public might be more interested in getting influenza vaccine 
because of the vivid discussion over severe pneumonia under COVID-19 pandemic, 
which is the same reason we mentioned previously for the influenza vaccine as well. 
Meanwhile, one study found that patients who were influenza-vaccinated required fewer 
hospitalizations, less mechanical ventilation, and shorter hospital stays in the US [28]. 
Also, several recent studies have suggested that prior vaccination against pathogens, such 
as tuberculosis and influenza, may provide protection against COVID-19 [7,29–32]. As a 
result, these suggestions were publicized via media and may encourage the public to re-
ceive influenza vaccination during the COVID-19 pandemic. However, we have noticed 
several studies tried to find relationship between higher influenza vaccination rates and 
better COVID-19 outcomes, but there was no concrete explanation and proof [33–35]. 
Meanwhile, according to the US CDC, they advised interim guidance for influenza vac-
cination during the COVID-19 pandemic, which indicates reducing the overall burden of 
respiratory illness is important to vulnerable populations, and healthcare personnel 
should use every opportunity during the influenza seasons to administer influenza vac-
cines to all eligible persons [36]. Also, Taiwan CDC had suggested that the influenza vac-
cine and COVID-19 vaccination can be taken at the same time [37]. Hence, under the 
health care providers’ promote and the convenience to administering both vaccines sim-
ultaneously, that might be the reason we found an obvious surge of cases coming for in-
fluenza vaccine after 2020 in Taiwan. 

4.3. Underlying Diseases in Women after the COVID-19 Pandemic 
An increasing percentage of females are getting both the pneumococcal and influ-

enza vaccine after the COVID-19 outbreak (Tables 1 and 2). A previous study claimed that 
males are more likely to display vaccine hesitancy in general [38]. Another study in Japan 
that searched for factors related to influenza vaccine inoculation and non-inoculation be-
havior after the COVID-19 outbreak found significantly lower odds of vaccination in 
males compared to females [39]. Another study in Japan revealed that women aged 20–64 
years showed a significantly higher percentage of influenza vaccine inoculation after 
COVID-19 [40]. Nevertheless, in contrast to our results, previous studies have discussed 
vaccine hesitancy, which revealed that females were more hesitant toward influenza [41] 
and COVID-19 vaccines [42]. There was little speculation or proof of whether females 
were more likely to be vaccinated, but we believe that gender might play a complicated 
role in the willingness to administer vaccines. 
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Adults without underlying diseases have shown an elevated interest in getting vac-
cinated after the COVID-19 outbreak for both the pneumococcal and influenza vaccines. 
In Japan, Komada et al. found that those aged 20–64 years showed a significantly higher 
percentage of influenza vaccine inoculation, including women and those who visited the 
hospital for lifestyle-related illnesses (including diabetes, angina, myocardial infarction, 
asthma, hypertension, stroke, gout, hepatitis, cirrhosis, hypercholesterolemia, hypertri-
glyceridemia, hyperuricemia, and stomach/duodenal illnesses) and orthopedic illnesses 
than those without lifestyle-related illnesses that visited the hospital [39]. Another cross-
sectional survey study in Spain revealed that the COVID-19 pandemic has prompted doc-
tors and nurses to engage patients with vaccines, particularly in terms of prioritizing vac-
cination as a preventive measure, increasing public awareness of vaccination, and provid-
ing additional vaccination training to general practitioners [40]. In this case, we assumed 
that increasing awareness among healthcare professionals of pneumococcal and influenza 
vaccines might lead to healthy adults (without underlying disease) being vaccinated at 
higher rates as well. In addition, several studies have indicated that adult participants’ 
willingness to be vaccinated has a strong correlation when recommended by their 
healthcare providers [43–47]. Furthermore, one recent study conducted in Taiwan re-
vealed the following factors may enhance vaccination intentions: male, older, having an 
open personality, having better physical health quality of life, trusting the government, and 
the author also mentioned that when the pandemic intensified, Taiwanese’ vaccination inten-
tions increased significantly. [48] In our knowledge, vaccination motivations can be affected 
by not only genders, but also psychological perspectives, health-related behaviors, political 
attitudes, and COVID-related risk factors, including the location of people, quarantine expe-
riences, and the number of new cases confirmed on a daily basis. In the future, governments 
can design targeted strategies to increase vaccination rates based on the findings of the present 
study, which could shed light on individuals’ vaccination attitudes. 

4.4. Increasing Rate of Vaccination in Taiwan in Contrast to the Global Vaccination Disruption 
During the COVID-19 pandemic, medical services and vaccinations were disrupted 

in more than 90% of countries [49,50]. For example, a reduction in measles-mumps-rubella 
vaccination was noted in England in early 2020 [51], a decline in the administration of 
non-influenza childhood vaccine doses in Michigan in 2020 [52], and a decrease in routine 
vaccinations was observed in Pakistan during the pandemic [53]. In fact, when COVID-19 
was raging, vaccination disruptions were common and significant. This may be due to 
several factors, including disruptions in medical services or vaccination practices, lock-
downs, school closures, stay-at-home policies, insufficient supplies of personal protective 
equipment, and a global lack of medical staff and healthcare providers. 

In contrast, COVID-19 was well-controlled in Taiwan before May 2021; hence, an ear-
lier study on Taiwanese participants found that vaccination was unnecessary or not ur-
gent [54]. However, after the COVID-19 outbreak in May 2021, Taiwanese people rushed 
to receive the COVID-19 vaccine. As public anxiety increased during the epidemic, people 
looked for surrogate vaccinations against COVID-19 because of the shortage of COVID-
19 vaccines and the detected risk of infection. Meanwhile, an article published in mid-
March 2021 reported a lower risk of COVID-19 in individuals vaccinated with a pneumo-
coccal conjugate vaccine (PCV13) [55]. As a result of the media coverage from this article, 
Taiwanese medical authorities endorsed PCV13 vaccination as beneficial. Therefore, Tai-
wanese people obtained PCV13 vaccines to compensate for the COVID-19 vaccine short-
age [54], and we assumed that the influenza vaccine and PPSV23 received similar atten-
tion, although no study has proved this so far. 

Besides, we found the percentage of people who came for influenza vaccine and 
pneumococcal vaccine among all outpatient visits were significantly elevated as well. The 
number of outpatient consultations will be affected by many factors, such as the infection 
control of the hospital, and the public’s fear of possible contact with COVID-infected peo-
ple when seeking medical treatment, etc. This result also verified our perspective that 
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even though the COVID-19 pandemic changed public behaviors of visiting hospitals, we 
still noticed an increasing interest of immunization after the COVID-19 outbreak in Tai-
wan proportionally. 

Furthermore, Taiwan’s health insurance program is distinctive in that it covers a 
broad range of residents, resulting in good accessibility, low cost, comprehensive cover-
age, and short waiting times [56]. Before the COVID-19 pandemic, Taiwan had high vac-
cination coverage of routine immunization, with a national vaccination rate ranging from 
90.9–99.3% [57]. In our study, adults visited the medical center for vaccination without the 
additional worries of financial burden or medical accessibility after the COVID-19 pan-
demic. As a result, while the world showed a decreased rate of vaccine administration 
due to the lockdown, inconvenience in visiting doctors, and shortage of medical services, 
we found an apparent rising rate of pneumococcal and influenza vaccines per contra. 

We discovered that public attitudes towards the COVID-19 pandemic influenced 
vaccine hesitancy not only for COVID-19 vaccines but also for pneumococcal and influ-
enza vaccines. Vaccine hesitancy is a phenomenon in which, despite the abundance of 
evidence supporting vaccination and immunization worldwide, people still refuse to get 
vaccinated or delay acceptance. In our opinion, the COVID-19 outbreak is a novel event, 
and Taiwanese citizens are not confident in COVID-19 vaccines. Since the pandemic was 
under control in Taiwan before May 2021, the vaccine acceptance rate was much lower 
than in neighboring countries at the beginning of vaccination campaign [58]. After the 
Taiwanese government issued a Level 3 pandemic alert on 15 May 2021, and enforced 
home quarantine, social distancing, school lockdowns, and prohibited public gatherings, 
fewer than 1% of the population was vaccinated [59]. This was not due to vaccine hesi-
tancy but rather insufficiency for most residents, which led to widespread panic [60]. This 
unstable attitude drew our attention to health literacy in Taiwan. One study estimated 
that thirty percent of adults in Taiwan lack adequate or marginal health literacy [61], and 
another report indicated that the general health literacy of the Taiwanese population was 
34.4 ± 6.6 out of 50, as measured using the European Health Literacy Survey Questionnaire 
(HLS-EU-Q) [62]. To better define and understand the primary determinants of vaccine 
uptake, vaccination literacy examines health literacy from the perspective of vaccine atti-
tudes and hesitancy. We believe our study demonstrates that, although Taiwanese citi-
zens initially lacked confidence in and interest in the new COVID-19 vaccines, most resi-
dents were still aware of the importance of immunization and were willing to seek medi-
cal advice and receive other kinds of vaccines to prevent severe illness in the absence of 
COVID-19 vaccines. 

4.5. Strengths and Limitations 
The importance of pneumococcal and influenza vaccines during the COVID-19 pan-

demic has been emphasized repeatedly, and one of the guiding principles of the WHO 
European Region for immunization programs during the COVID-19 pandemic has 
strongly asserted that prioritizing pneumococcal and seasonal influenza vaccines to pro-
tect vulnerable populations is imperative [63]. To our knowledge, this is the first report 
comparing the administration times of influenza and pneumococcal vaccines (PCV13 and 
PPSV23) before and after the COVID-19 outbreak in medical centers in Taiwan. Public 
health officials can use this information to estimate trends in public vaccination attention 
to protect the population in a given year. Considering that multiple respiratory coinfec-
tions have been frequently reported in previous studies, we conclude that public health 
programs must collaborate to enhance campaigns to prevent pneumococcal and influenza 
infections during the COVID-19 pandemic. Special attention should be paid to patients 
who are more likely to have a negative prognosis after contracting COVID-19. 

This study has several limitations. First, it only included a partial sample from Tai-
wan. Although CGMH institute are one of the largest medical centers in Taiwan (Linkou 
and Kaohsiung branches ranked in the Top 3 of total profits in the Taiwan health insur-
ance database for at least 3 years since 2018) and include data from southern to northern 
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Taiwan, we still lack results from other hospitals and even from different countries. There-
fore, the results may be biased and not necessarily representative. Despite the relatively 
small sample sizes, the researchers attempted to capture a diverse population with multi-
ple chronic diseases, timings, sexes, and ages from a finite sample to represent vaccination 
behaviors after COVID-19. Second, since we collected data from the Chang Gung Re-
search Database for adults who used diagnostic code “Z23-encounter for immunization,” 
and aimed for those who were prescribed with influenza, PSV13, or PPSV23 vaccines, 
there is a possibility that doctors did not order a diagnostic code at that time, which could 
lead to several patients being omitted. Third, COVID-19 was first detected globally in De-
cember 2019 and the first case in Taiwan was detected in January 2020 [17–19]. We defined 
hospital cases from January 2018 to December 2019 as “before COVID-19 outbreak,” and 
hospital cases from January 2020 to December 2021 as “after COVID-19 outbreak.” How-
ever, Taiwan has faced its first major COVID-19 surge in May 2021, and a great number 
of Taiwanese people perceived the importance of getting a COVID-19 vaccine and other 
vaccinations for protection [64]. Hence, a major surge may draw public attention to vac-
cinations at different times. In our study, we covered the period from the first diagnosed 
case to the outbreak in May 2021; however, the long-term impact remains unclear, and 
further follow-ups on vaccine coverage and nationwide surveillance will be valuable. 

5. Conclusions 
The present study revealed an increased willingness to receive both influenza and 

pneumococcal vaccinations among women, adults without underlying disease, and 
younger adults since the COVID-19 outbreak. The COVID-19 pandemic may have increased 
awareness of the importance of vaccination in Taiwan. Future studies are required to deter-
mine the response of influenza, pneumococcal, and COVID-19 vaccines. Although COVID-19 
is no longer strictly monitored due to its global vaccination coverage, this study will enable 
medical professionals to further monitor and predict the future occurrence of the disease, help-
ing to prepare adequate vaccines and raise medical awareness among the population. 

Author Contributions: Conceptualization, C.L. and P.-C.C.; methodology, P.-C.C.; software, Y.-I.C.; 
validation, C.L.; formal analysis, C.L.; investigation, C.L.; resources, C.L.; data curation, C.L. and P.-
C.C.; writing—original draft preparation, C.L.; writing—review and editing, Y.-C.C. and P.-C.C.; 
visualization, P.-C.C.; supervision, Y.-I.C. All authors have read and agreed to the published version 
of the manuscript. 

Funding: This research received no external funding. 

Institutional Review Board Statement: Institutional review board (IRB) approval was obtained for 
this study (IRB number: 202201213B0). 

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study. 

Data Availability Statement: Data is unavailable due to privacy or ethical restrictions. 

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

References 
1. World Health Organization. Guiding Principles for Immunization Activities During the COVID-19 Pandemic: Interim Guidance, 26 

March 2020; World Health Organization: Geneva, Switzerland, 2020. 
2. Santoli, J.M. Effects of the COVID-19 pandemic on routine pediatric vaccine ordering and administration—United States, 2020. 

MMWR Morb. Mortal. Wkly. Rep. 2020, 69, 591–593. 
3. O’Leary, S.T.; Trefren, L.; Roth, H.; Moss, A.; Severson, R.; Kempe, A. Number of childhood and adolescent vaccinations 

administered before and after the COVID-19 outbreak in Colorado. JAMA Pediatr. 2021, 175, 305–307. 
4. Neumann-Böhme, S.; Varghese, N.E.; Sabat, I.; Barros, P.P.; Brouwer, W.; van Exel, J.; Schreyögg, J.; Stargardt, T. Once we have 

it, will we use it? A European survey on willingness to be vaccinated against COVID-19. Eur. J. Health Econ. 2020, 21, 977–982. 
5. Head, K.J.; Kasting, M.L.; Sturm, L.A.; Hartsock, J.A.; Zimet, G.D. A national survey assessing SARS-CoV-2 vaccination 

intentions: Implications for future public health communication efforts. Sci. Commun. 2020, 42, 698–723. 
6. Bachtiger, P.; Adamson, A.; Chow, J.J.; Sisodia, R.; Quint, J.K.; Peters, N.S. The impact of the COVID-19 pandemic on the uptake 

of influenza vaccine: UK-wide observational study. JMIR Public Health Surveill. 2021, 7, e26734. 



Vaccines 2023, 11, 986 12 of 14 
 

 

7. Marín‐Hernández, D.; Schwartz, R.E.; Nixon, D.F. Epidemiological evidence for association between higher influenza vaccine 
uptake in the elderly and lower COVID‐19 deaths in Italy. J. Med. Virol. 2020, 93, 64. 

8. Iacobucci, G. Covid-19: Risk of death more than doubled in people who also had flu, English data show. Br. Med. J. Publ. Group 
2020, 370, m3720. 

9. Guo, L.; Wei, D.; Zhang, X.; Wu, Y.; Li, Q.; Zhou, M.; Qu, J. Clinical features predicting mortality risk in patients with viral 
pneumonia: The MuLBSTA score. Front. Microbiol. 2019, 10, 2752. 

10. Bengoechea, J.A.; Bamford, C.G. SARS‐CoV‐2, bacterial co‐infections, and AMR: The deadly trio in COVID‐19? EMBO Mol. Med. 
2020, 12, e12560. 

11. Lai, C.-C.; Wang, C.-Y.; Hsueh, P.-R. Co-infections among patients with COVID-19: The need for combination therapy with 
non-anti-SARS-CoV-2 agents? J. Microbiol. Immunol. Infect. 2020, 53, 505–512. 

12. Cox, M.J.; Loman, N.; Bogaert, D.; O'Grady, J. Co-infections: Potentially lethal and unexplored in COVID-19. Lancet Microbe 
2020, 1, e11. 

13. Lansbury, L.; Lim, B.; Baskaran, V.; Lim, W.S. Co-infections in people with COVID-19: A systematic review and meta-analysis. 
J. Infect. 2020, 81, 266–275. 

14. Pawlowski, C.; Puranik, A.; Bandi, H.; Venkatakrishnan, A.J.; Agarwal, V.; Kennedy, R.; O’Horo, J.C.; Gores, G.J.; Williams, 
A.W.; Halamka, J.; et al. Exploratory analysis of immunization records highlights decreased SARS-CoV-2 rates in individuals 
with recent non-COVID-19 vaccinations. Sci. Rep. 2021, 11, 4741. 

15. Tsai, M.S.; Lin, M.H.; Lee, C.P.; Yang, Y.H.; Chen, W.C.; Chang, G.H.; Tsai, Y.T.; Chen, P.C.; Tsai, Y.H. Chang Gung Research 
Database: A multi-institutional database consisting of original medical records. Biomed. J. 2017, 40, 263–269. 

16. Invasive Pneumoccocal Disease. Taiwan Centers of Disease Control. Available online: 
https://www.cdc.gov.tw/En/Category/ListContent/bg0g_VU_Ysrgkes_KRUDgQ?uaid=lS42udX_s0u2fN0qLcdrnw (accessed on 30 
April 2023). 

17. Liu, Y.C.; Liao, C.H.; Chang, C.F.; Chou, C.C.; Lin, Y.R. A Locally Transmitted Case of SARS-CoV-2 Infection in Taiwan. N. 
Engl. J. Med. 2020, 382, 1070–1072. 

18. Liu, Y.C.; Kuo, R.L.; Shih, S.R. COVID-19: The first documented coronavirus pandemic in history. Biomed. J. 2020, 43, 328–333. 
19. Kung, C.T.; Wu, K.H.; Wang, C.C.; Lin, M.C.; Lee, C.H.; Lien, M.H. Effective strategies to prevent in-hospital infection in the 

emergency department during the novel coronavirus disease 2019 pandemic. J. Microbiol. Immunol. Infect. 2021, 54, 120–122. 
20. World Health Organization. Clinical management of severe acute respiratory infection (SARI) when COVID-19 disease is 

suspected. Interim guidance. Paediatr. Fam. Med. 2020, 16, 9. 
21. Morris, D.E.; Cleary, D.W.; Clarke, S.C. Secondary bacterial infections associated with influenza pandemics. Front. Microbiol. 

2017, 8, 1041. 
22. Huijts, S.M.; Coenjaerts, F.E.J.; Bolkenbaas, M.; van Werkhoven, C.H.; Grobbee, D.E.; Bonten, M.J.M.; CAPiTA Study Team The 

impact of 13-valent pneumococcal conjugate vaccination on virus-associated community-acquired pneumonia in elderly: 
Exploratory analysis of the CAPiTA trial. Clin. Microbiol. Infect. 2018, 24, 764–770. 

23. Nunes, M.C.; Cutland, C.L.; Klugman, K.P.; Madhi, S.A. Pneumococcal conjugate vaccine protection against coronavirus-
associated pneumonia hospitalization in children living with and without HIV. Mbio 2021, 12, e02347-20. 

24. Palmu, A.A.; Jokinen, J.; Borys, D.; Nieminen, H.; Ruokokoski, E.; Siira, L.; Puumalainen, T.; Lommel, P.; Hezareh, M.; Moreira, 
M.; et al. Effectiveness of the ten-valent pneumococcal Haemophilus influenzae protein D conjugate vaccine (PHiD-CV10) 
against invasive pneumococcal disease: A cluster randomised trial. Lancet 2013, 381, 214–222. 

25. Loubet, P.; Sotto, A.; AVNIR Group. Covid-19 pandemic: An opportunity to seize to increase awareness and vaccine coverage 
in at-risk populations. Hum. Vaccines Immunother. 2021, 17, 3472–3473. 

26. Fink, G.; Orlova-Fink, N.; Schindler, T.; Grisi, S.; Ferrer, A.P.S.; Daubenberger, C.; Brentani, A. Inactivated trivalent influenza 
vaccination is associated with lower mortality among patients with COVID-19 in Brazil. BMJ Evid. -Based Med. 2021, 26, 192–193. 

27. Maor, Y.; Caspi, S. Attitudes towards influenza, and COVID-19 vaccines during the COVID-19 pandemic among a 
representative sample of the Jewish Israeli population. PLoS ONE 2022, 17, e0255495. 

28. Conlon, A.; Ashur, C.; Washer, L.; Eagle, K.A.; Bowman, M.A.H. Impact of the influenza vaccine on COVID-19 infection rates 
and severity. Am. J. Infect. Control. 2021, 49, 694–700. 

29. O'Connor, E.; Teh, J.; Kamat, A.M.; Lawrentschuk, N. Bacillus Calmette Guérin (BCG) vaccination use in the fight against 
COVID-19–what’s old is new again? Future Med. 2020, 16, 1323–1325. 

30. Salem, M.L.; El-Hennawy, D. The possible beneficial adjuvant effect of influenza vaccine to minimize the severity of COVID-
19. Med. Hypotheses 2020, 140, 109752. 

31. Zanettini, C.; Omar, M.; Dinalankara, W.; Imada, E.L.; Colantuoni, E.; Parmigiani, G.; Marchionni, L. Influenza Vaccination and 
COVID19 Mortality in the USA: An Ecological Study. Vaccines 2021, 9, 427. 

32. Ragni, P.; Marino, M.; Formisano, D.; Bisaccia, E.; Scaltriti, S.; Bedeschi, E.; Grilli, R. Association between exposure to influenza 
vaccination and COVID-19 diagnosis and outcomes. Vaccines 2020, 8, 675. 

33. Jiang, B.; Huang, Q.; Jia, M.; Xue, X.; Wang, Q.; Yang, W.; Feng, L. Association between influenza vaccination and SARS-CoV-2 
infection and its outcomes: Systematic review and meta-analysis. Chin. Med. J. 2022, 135, 2282–2293. 

34. Kapoula, G.V.; Vennou, K.E.; Bagos, P.G. Influenza and Pneumococcal Vaccination and the Risk of COVID-19: A Systematic 
Review and Meta-Analysis. Diagnostics 2022, 12, 3086. 



Vaccines 2023, 11, 986 13 of 14 
 

 

35. Wang, R.; Liu, M.; Liu, J.The Association between Influenza Vaccination and COVID-19 and Its Outcomes: A Systematic Review 
and Meta-Analysis of Observational Studies. Vaccines 2021, 9, 529. 

36. Interim Guidance for Routine and Influenza Immunization Services during the COVID-19 Pandemic. US Centers of Disease 
Control. Available online: https://www.cdc.gov/vaccines/pandemic-guidance/index.html#print (accessed on 30 April 2023). 

37. Influenza and COVID-19. Taiwan Centers of Disease Control. 19 September 2022. Available online: 
https://www.cdc.gov.tw/Category/QAPage/5iyc1MHv7KmUolKXhypPeQ (accessed on 30 April 2023). 

38. Rozbroj, T.; Lyons, A.; Lucke, J. Psychosocial and demographic characteristics relating to vaccine attitudes in Australia. Patient 
Educ. Couns. 2019, 102, 172–179. 

39. Komada, M.T.; Lee, J.S.; Watanabe, E.; Nakazawa, E.; Mori, K.; Akabayashi, A. Factors of influenza vaccine inoculation and 
non-inoculation behavior of community-dwelling residents in Japan: Suggestions for vaccine policy and public health ethics 
after COVID-19. Vaccine X 2023, 13, 100245. 

40. Redondo Margüello, E.; Trilla, A.; Munguira, I.L.; López-Herce, A.J.; Cotarelo Suárez, M. Knowledge, attitudes, beliefs and 
barriers of healthcare professionals and adults ≥65 years about vaccine-preventable diseases in Spain: The ADult Vaccination 
drIverS and barriErs (ADVISE) study. Hum. Vaccines Immunother. 2022, 18, 2025007. 

41. Banach, D.B.; Ornstein, K.; Factor, S.H.; Soriano, T.A. Seasonal influenza vaccination among homebound elderly receiving 
home-based primary care in New York City. J. Community Health 2012, 37, 10–14. 

42. Detoc, M.; Bruel, S.; Frappe, P.; Tardy, B.; Botelho-Nevers, E.; Gagneux-Brunon, A. Intention to participate in a COVID-19 
vaccine clinical trial and to get vaccinated against COVID-19 in France during the pandemic. Vaccine 2020, 38, 7002–7006. 

43. Schneeberg, A.; Bettinger, J.A.; McNeil, S.; Ward, B.J.; Dionne, M.; Cooper, C.; Coleman, B.; Loeb, M.; Rubinstein, E.; McElhaney, J.; et 
al. Knowledge, attitudes, beliefs and behaviours of older adults about pneumococcal immunization, a Public Health Agency of 
Canada/Canadian Institutes of Health Research Influenza Research Network (PCIRN) investigation. BMC Public Health 2014, 14, 442. 

44. MacDougall, D.M.; Halperin, B.A.; MacKinnon-Cameron, D.; Li, L.; McNeil, S.A.; Langley, J.M.; Halperin, S.A. The challenge of 
vaccinating adults: Attitudes and beliefs of the Canadian public and healthcare providers. BMJ Open 2015, 5, e009062. 

45. Higuchi, M.; Narumoto, K.; Goto, T.; Inoue, M. Correlation between family physician’s direct advice and pneumococcal 
vaccination intention and behavior among the elderly in Japan: A cross-sectional study. BMC Fam. Pract. 2018, 19, 153. 

46. Kaneko, M.; Aoki, T.; Goto, R.; Ozone, S.; Haruta, J. Better patient experience is associated with better vaccine uptake in older 
adults: Multicentered cross-sectional study. J. Gen. Intern. Med. 2020, 35, 3485–3491. 

47. Kizmaz, M.; Kumtepe Kurt, B.; Çetin Kargin, N.; Döner, E. Influenza, pneumococcal and herpes zoster vaccination rates among 
patients over 65 years of age, related factors, and their knowledge and attitudes. Aging Clin. Exp. Res. 2020, 32, 2383–2391. 

48. Lee, H.W.; Leng, C.H.; Chan, T.C. Determinants of personal vaccination hesitancy before and after the mid-2021 COVID-19 
outbreak in Taiwan. PLoS ONE 2022, 17, e0270349. 

49. World Health Organization. Pulse Survey on Continuity of Essential Health Services during the COVID-19 Pandemic: Interim Report, 
27 August 2020; World Health Organization: Geneva, Switzerland, 2020. 

50. Harris, R.C.; Chen, Y.; Côte, P.; Ardillon, A.; Nievera, M.C.; Ong-Lim, A.; Aiyamperumal, S.; Chong, C.P.; Kandasamy, K.V.; 
Mahenthiran, K.; et al. Impact of COVID-19 on routine immunisation in South-East Asia and Western Pacific: Disruptions and 
solutions. Lancet Reg. Health-West. Pac. 2021, 10, 100140. 

51. McDonald, H.I.; Tessier, E.; White, J.M.; Woodruff, M.; Knowles, C.; Bates, C.; Parry, J.; Walker, J.L.; Scott, J.A.; Smeeth, L.; et al. 
Early impact of the coronavirus disease (COVID-19) pandemic and physical distancing measures on routine childhood 
vaccinations in England, January to April 2020. Eurosurveillance 2020, 25, 2000848. 

52. Bramer, C.A.; Kimmins, L.M.; Swanson, R.; Kuo, J.; Vranesich, P.; Jacques-Carroll, L.A.; Shen, A.K. Decline in child vaccination 
coverage during the COVID‐19 pandemic—Michigan Care Improvement Registry, May 2016–May 2020. Am. J. Transplant. 2020, 
20, 1930. 

53. Chandir, S.; Siddiqi, D.A.; Mehmood, M.; Setayesh, H.; Siddique, M.; Mirza, A.; Soundardjee, R.; Dharma, V.K.; Shah, M.T.; 
Abdullah, S.; et al. Impact of COVID-19 pandemic response on uptake of routine immunizations in Sindh, Pakistan: An analysis 
of provincial electronic immunization registry data. Vaccine 2020, 38, 7146–7155. 

54. Chiu, N.C.; Lo, K.H.; Chen, C.C.; Huang, S.Y.; Weng, S.L.; Wang, C.J.; Kuo, H.H.; Chi, H.; Lien, C.H.; Tai, Y.L.; et al. The impact 
of COVID-19 on routine vaccinations in Taiwan and an unexpected surge of pneumococcal vaccination. Hum. Vaccines 
Immunother. 2022, 18, e2071079. 

55. Lewnard, J.A.; Bruxvoort, K.J.; Fischer, H.; Hong, V.X.; Grant, L.R.; Jódar, L.; Gessner, B.D.; Tartof, S.Y. Prevention of Coronavirus 
Disease 2019 Among Older Adults Receiving Pneumococcal Conjugate Vaccine Suggests Interactions Between Streptococcus 
pneumoniae and Severe Acute Respiratory Syndrome Coronavirus 2 in the Respiratory Tract. J. Infect. Dis. 2021, 225, 1710–1720. 

56. Wu, T.-Y.; Majeed, A.; Kuo, K.N. An overview of the healthcare system in Taiwan. Lond. J. Prim. Care 2010, 3, 115–119. 
57. Taiwan Centers for Disease Control. Vaccine-Preventable Diseases Control. Available online: 

https://www.cdc.gov.tw/En/Category/ListPage/4TFK95zgsUb9k8XYFFj2Dw (accessed on 30 November 2022). 
58. Sallam, M.; Al-Sanafi, M.; Sallam, M. A global map of COVID-19 vaccine acceptance rates per country: An updated concise 

narrative review. J. Multidiscip. Healthc. 2022, 15, 21–45. 
59. Dyer, O. COVID-19: Variants are spreading in countries with low vaccination rates. BMJ 2021, 373, n1359. 
60. Kuo, Y.J.; Chen, Y.P.; Wang, H.W.; Liu, C.H.; Strong, C.; Saffari, M.; Ko, N.Y.; Lin, C.Y.; Griffiths, M.D. Community outbreak 

moderates the association between COVID-19-related behaviors and COVID-19 fear among older people: A one-year 
longitudinal study in Taiwan. Front. Med. 2021, 8, 2609. 



Vaccines 2023, 11, 986 14 of 14 
 

 

61. Lee, S.Y.D.; Tsai, T.I.; Tsai, Y.W.; Kuo, K.N. Health literacy, health status, and healthcare utilization of Taiwanese adults: Results 
from a national survey. BMC Public Health 2010, 10, 614. 

62. Duong, V.T.; Lin, I.F.; Sorensen, K.; Pelikan, J.M.; Van Den Broucke, S.; Lin, Y.C.; Chang, P.W. Health Literacy in Taiwan: A 
Population-Based Study. Asia Pac. J. Public Health 2015, 27, 871–880. 

63. World Health Organization. Guidance on Routine Immunization Services during COVID-19 Pandemic in the WHO European Region, 
20 March 2020; World Health Organization: Geneva, Switzerland, 2020. 

64. Wang, C.W.; de Jong, E.P.; Faure, J.A.; Ellington, J.L.; Chen, C.H.S.; Chan, C.C. A matter of trust: A qualitative comparison of 
the determinants of COVID-19 vaccine hesitancy in Taiwan, the United States, the Netherlands, and Haiti. Hum. Vaccines 
Immunother. 2022, 18, e2050121. 

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual au-
thor(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. 


	1. Introduction
	2. Materials and Methods
	2.1. Participants
	2.2. Data Collection
	2.3. Outcomes Measure
	2.4. Data Analysis

	3. Results
	3.1. Clinic Population and Duration
	3.2. Influenza Vaccination Cases before and after COVID-19.
	3.3. Pneumococcal Vaccination Cases before and after COVID-19.
	3.4. Influenza and Pneumococcal Vaccination around the COVID-19 Outbreak Point in Taiwan

	4. Discussion
	4.1. Increased Willingness for Pneumococcal Vaccination after the COVID-19 Pandemic
	4.2. Increased Desire for Influenza Vaccination after the COVID-19 Pandemic
	4.3. Underlying Diseases in Women after the COVID-19 Pandemic
	4.4. Increasing Rate of Vaccination in Taiwan in Contrast to the Global Vaccination Disruption
	4.5. Strengths and Limitations

	5. Conclusions
	References

