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ABSTRACT

Coronavirus disease 2019 (COVID-19) was extraordinarily harmful, with high rates of infection and hospitaliza-
tion. This study aimed to evaluate the impact of COVID-19 vaccination status and other factors on hospitaliza-
tion and disease severity, using data from Nagasaki Prefecture, Japan. Confirmed cases of COVID-19 infection
with vaccination status were included and the differences in characteristics between different vaccination
statuses, hospitalization or not, and patients with varying levels of disease severity were analyzed.
Furthermore, logistic regression was used to calculate odds ratio (ORs) and 95% confidence intervals (Cl) to
evaluate the association of various factors with hospitalization and disease severity. From March 14, 2020 to
August 31, 2022, 23,139 patients were unvaccinated 13,668 vaccinated the primary program with one or two
doses, and 4,575 completed the booster. Vaccination reduced the risk of hospitalization with an odd ratio of
0.759 (95% Cl: 0.654-0.881) and the protective effect of completed booster vaccination was more pronounced
(OR: 0.261, 95% Cl: 0.207-0.328). Similarly, vaccination significantly reduced the risk of disease severity
(vaccinated primary program: OR: 0.191, 95% Cl: 0.160-0.228; completed booster vaccination: OR: 0.129,
95% Cl: 0.099-0.169). Overall, unvaccinated, male, elderly, immunocompromised, obese, and patients with
other severe illness factors were all risk factors for COVID-19-related hospitalization and disease severity.
Vaccination was associated with a decreased risk of hospitalization and disease severity, and highlighted the
benefits of completing booster.
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Introduction had increased even more rapidly in Japan.’ Overall, COVID-19

Coronavirus disease 2019 (COVID-19) is caused by a coronavirus
called SARS-CoV-2, first notified by the World Health
Organization (WHO) on December 31, 2019.! The COVID-19
pandemic has profound health impacts, encompassing a spectrum
of illness severity, including serious illness and fatality across all
age groups. A Japanese observational study during the early stages
of pandemic found that the median age of the patients became
younger as the epidemic progressed.” And the incidence of severe
illness and mortality was quite high among people >65 years old,
which study showed that the incidence of severe illness reached
26.8% and the mortality rate 12.1%.> Following the emergence of
the Omicron sublineage in January 2022, the number of infections

was extraordinarily harmful and imposed a significant disease
burden on patients due to hospitalization for COVID-19 infec-
tion, multisystem damage, and mortality.*"®

To control and minimize the COVID-19 pandemic and its
impact, COVID-19 vaccines have been developed.”* Vaccination
against COVID-19 was also promoted globally as the safest and
most efficient strategy for preventing and controlling epidemics.”
In February 2021, the Japanese government officially launched
a nationwide COVID-19 vaccination campaign.'® The primary
vaccinations administered were Pfizer/BioNTech and Moderna/
NIAID, both belong to messenger RNA (mRNA) vaccines. Data
from multicenter randomized controlled trials concluded that
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both vaccines showed more than 90% efficacy in preventing
COVID-19 diseases.'"'* In some Japanese real-world studies,
complete mRNA vaccination was shown to have a high vaccine
effectiveness (VE) against symptomatic COVID-19 infections,
with a VE of 88% in the Delta-dominant period and a VE of
over 68% in the Omicron-dominant period.B"15 Moreover, vac-
cination significantly reduced the risk of hospitalization or
COVID-19 related mortality and resulted in a shorter recovery
period for non-hospitalized patients.' The aforementioned stu-
dies primarily investigated the effectiveness of the mRNA vaccines
on the infection COVID-19 and related mortality. However, there
are limited research about the effects of vaccination and the
interval after vaccination on the disease severity. Although similar
studies had been reported in Western countries,'”'® few have been
reported in Japanese region. In addition, the impact of the
COVID-19 vaccine on the potential clinical symptoms is pending.
Therefore, the aim of this study was to investigate the impact
of COVID-19 vaccination status on hospitalization and disease
severity, using data from Nagasaki Prefecture in Japan.
Furthermore, we aimed to analyze some severe illness factors
such as immunocompromised status, COPD, CKD, obesity and
others, contributing to the hospitalization and disease severity.

Patients and methods
Study setting and design

All data for this study were obtained from the information center
for infectious diseases of the Nagasaki Prefectural Institute of
Environment and Public Health. This center provided informa-
tion on daily confirmed COVID-19 cases from March 14, 2020,
to August 31, 2022. COVID-19 diagnostic tests include PCR

(Polymerase Chain Reaction), antigen detection, LAMP (Loop-
mediated isothermal amplification) test and so on. A COVID-
19-infected patient was defined as an individual testing positive
for any of the above tests. There was a total of 184,986 patients
with infected COVID-19. Each subject was recorded in detail,
including demographic characteristics and clinical factors such
as sex, age, residence city, time of diagnosis, vaccination status
and time, hospitalization, disease severity and symptoms and so
on. This study aimed to analyze the vaccination status of
COVID-19-infected patients and investigate the vaccine’s effects
on hospitalization and the severity of disease of COVID-19.
Therefore, patients whose vaccination status was not confirmed
were excluded from this study. In addition, patients with
unknown disease severity were also excluded in the analysis
related to disease severity. Finally, we selected 41,282 individuals
for hospitalization analysis, and furthermore selected 34,259
individuals for disease severity analysis (Figure 1).

Due to the retrospective nature of the study, the require-
ment for obtaining informed consent was waived. The patients
were not involved in the design, conduct, reporting, or dis-
semination of our studies. This study was approved by the
Research Ethics Committees of Nagasaki Prefectural Institute
of Environment and Public Health (No. 2021-11-1). And fol-
lowed the Strengthening the Reporting of Observational
Studies in Epidemiology (STROBE) statement (Table S1)."

Study data

The demographic characteristics and clinical information of
this study were provided by the center and used directly in the

184,986 individuals in this database

143,604 individuals excluded for not provide information on
vaccination status or unknown vaccination time completely.

41,382 individuals included in the COVID-19 hospitalization analysis

23,139 13,668

not vaccinated

vaccinated the primary
program with one or two doses

4,575
completed booster vaccination

7,123 individuals excluded for lack of disease severity.

34,259 individuals included in the disease severity analysis

17,714 1528

not vaccinated

Figure 1. Flow diagram of the study patients.

vaccinated the primary
program with one or two doses

4,212
completed booster vaccination



analysis. Some of the variables were categorized and processed
to suit the requirements of our study.

All vaccinated patients received the mRNA vaccine. To
ensure that the immunization fully exerted immune responses,
we define 14 days after vaccination as the completion of this
vaccination.”® The specific definitions were as follows, self-
reported no vaccination and self-reported vaccination with
one dose of vaccine but less than 14 days interval between
vaccination time and COVID-19 diagnosis were categorized
as unvaccinated; Patients vaccinated with one or two doses of
vaccine with an interval between vaccination and diagnosis of
>14 days and those who completed booster vaccine but with an
interval between vaccination and diagnosis of less than 14 days
were classified as vaccinated the primary program with one or
two doses; Patients who completed booster vaccination ful-
filled the requirement of receiving three vaccinations and the
third vaccination was received 14 days before diagnosis.

The disease severity was divided into four levels defined by
the Ministry of Health, Labour and Welfare. Disease severity
was categorized primarily by blood oxygen saturation (SpO,)
and respiratory symptoms. Level 1 was SpO2 > 96% with only
cough or no respiratory symptoms, which cannot be recog-
nized as pneumonia; level 2 was 93% <SpO2 < 96%, dyspnea,
and pneumonia symptoms; level 3 was SpO2 < 93%, requiring
oxygen; and level 4 was requiring admission to the ICU or use
artificial ventilator. If the oxygen saturation and clinical status
severity did not coincide, the higher severity was taken. As
detailed in the Diagnosis and Treatment Guidelines Manual
established by the Ministry of Health, Labour and Welfare.*'
We combined those patients in analysis, because fewer patients
had a disease severity of 2, 3 and 4. We categorized the disease
severity into a binary of low level (disease severity level 1) and
high level (disease severity level 2, 3 or 4). Then it was used in
the analysis of the association of vaccines and other factors on
disease severity.

Statistical analysis

Characteristics of patients with different vaccination sta-
tuses, hospitalization, and disease severity levels were com-
pared using the Chi-square (x*) test for categorical variables
and the Kruskal-Wallis test or the Mann-Whitney U test for
continuous variables. The associations of factors such as
vaccines with hospitalization and disease severity of
COVID-19 were evaluated using logistic regression, and
odds ratio (ORs) were calculated. The relevant covariates
were included in the regression equation. The p value of
less than .05 was considered statistically significant. All
analyses were done using SPSS 25.0 and data visualization
was done with RStudio 2023.03.1.

Results
Characteristics of the study patients

In this database, there were 184,986 COVID-19-infected
patients in Nagasaki Prefecture, Japan, from March 14, 2020
to August 31, 2022 (Figure 1). 143,604 were excluded for the
preliminary analysis because of lack of information.
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As shown in Table 1, patients characteristics were analyzed
by vaccination status as “Not vaccinated” (n=23,139),
“Vaccinated the primary program with one or two doses”
(n =13,668) and “Completed booster vaccination”
(n = 4,575). It was observed that the differences in all char-
acteristics except residence city were statistically significant.
Among these COVID-19 patients, more females completed
booster vaccination (2,746, 60.2%), and more males were
unvaccinated (12,188, 52.8%) or vaccinated in the primary
program with one or two doses (6,832, 50.1%). The vaccinated
patients tended to be older (median age 11 vs. 36 vs. 45 years).
The majority of the unvaccinated were patients in the under 18
age group. The interval time between vaccination and diagno-
sis was relatively long for those who were vaccinated in the
primary program with one or two doses, with the majority
>140 days (9,497, 79%). In addition, the number of symptoms
indicated that the unvaccinated patients had lesser number of
symptoms compared to the vaccinated patients. Similarly, the
number of severe illness factors showed that unvaccinated
patients were at a lower critical factors number (Table 1).
The pairwise comparison was detailed in Table S2.

Furthermore, we analyzed the association between vaccina-
tion status and hospitalization and the disease severity of
COVID-19. Because the disease severity was unknown for
7,123 patients, they were excluded from the analysis of the
association of disease severity, and 34,259 patients were
included (Figure 1).

COVID-19 hospitalization status

Of the 41,382 COVID-19-infected patients included, a total of
1,887 (4.6%) were hospitalized (Table S3). Among them, there
were 995 (52.8%) males, which indicated a higher proportion
of males in the hospitalized patients (p = .035). The median age
was older at 67 (45, 81) years, with a tendency to those >80
years old (527, 27.9%). The number of unvaccinated patients
was higher (932, 49.4%). Moreover, the interval between vac-
cination and diagnosed was >140 days in most of them (588,
83.8%) among the patients who were vaccinated in the primary
program with one or two doses. Moreover, the hospitalized
patients had more severe illness factors (1,077, 67.2%), the
number of severe illness factors was larger, and the disease
severity was higher than those of the non-hospitalized patients
(Table S3).

From Figure 2 and Table S4, it was observed that among total
patients, the risk of hospitalization was lower in females than in
males (OR: 0.713, 95% confidence interval (CI): 0.624-0.814).
The same result was observed in vaccinated patients.
Vaccination further reduced the risk of hospitalization in
females (OR: 0.516, 95% CI: 0.420-0.633) (Table S4). Not unex-
pectedly, the risk of hospitalization was higher with older age
(OR: 1.051, 95% CI: 1.048-1.055), a more significant number of
severe illness factors (>4; OR:2.580, 95% CI: 1.767-3.769), and
more considerable disease severity (3; OR: 13.577, 95% CI:
9.030-20.415) among total patients (Table S4). However, vacci-
nation can reduce the risk of hospitalization with an OR of 0.759
(95% CI: 0.654-0.881) and the protective effect of completed
booster vaccination was more pronounced (OR: 0.261, 95% CI:
0.207-0.328). Moreover, vaccination could lead to a decrease in
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Table 1. Characteristics of patients with COVID-19 in different vaccination status.

Vaccination Status

Vaccinated the primary

Not program Completed booster
vaccinated with one or two doses vaccination x*/Kruskal-
Characteristic (n =23,139) (n =13,668) (n = 4,575) Wallis P
Sex (missing = 68) 255925  <.001
Male 12188 (52.8%) 6832 (50.1%) 1818 (39.8%)
Female 10913 (47.2%) 6817 (49.9%) 2746 (60.2%)
Age, median (P25, P75), y (missing = 45) 1(6,32) 36 (21, 49) 45 (35, 61) 10623.591  <.001
Age, y (missing = 45) 10198.183  <.001
<18 13875 (60.1%) 2380 (17.4%) 2 (1.1%)
18-49 6714 (29.1%) 8001 (58.6%) 2675 (58.5%)
50-59 1025 (4.4%) 1320 (9.7%) 607 (13.3%)
60-69 596 (2.6%) 868 (6.4%) 544 (11.9%)
70-79 398 (1.7%) 594 (4.3%) 372 (8.1%)
>80 495 (2.1%) 498 (3.6%) 323 (7.1%)
Residence city (missing = 1,192) 4.449 .108
Nagasaki 22598 (99.8%) 13110 (99.8%) 4416 (100.0%)
Other 39 (0.2%) 25 (0.2%) 2 (0.0%)
Interval time between vaccine dose and diagnosed (missing 7472162  <.001
= 25236)
14-70 days 665 (5.5%) 2202 (53.4%)
71-140 days 1857 (15.5%) 1652 (40.0%)
>140 days 9497 (79.0%) 273(6.6%)
Number of symptoms 843.276  <.001
0 2069 (8.9%) 800 (5.9%) 344 (7.5%)
1 5171 (22.3%) 2126 (15.6%) 947 (20.7%)
2 7367 (31.8%) 3880 (28.4%) 1496 (32.7%)
3 5089 (22.0%) 3599 (26.3%) 1093 (23.9%)
4 2367 (10.2%) 2084 (15.2%) 463 (10.1%)
>5 1076 (4.7%) 1179 (8.6%) 232 (5.1%)
Whether to be hospitalized 45693  <.001
Yes 932 (4.0%) 757 (5.5%) 198 (4.3%)
No 22207 (96.0%) 12911 (94.5%) 4377 (95.7%)
Factor of severe illness (missing = 6,162) 1247557  <.001
Yes 3631 (19.8%) 4358 (34.8%) 1758 (40.5%)
No 14728 (80.2%) 8165 (65.2%) 2580 (59.5%)
Number of severe illness factors 2290363  <.001
0 19436 (84.0%) 9193 (67.3%) 2785 (60.9%)
1 2874 (12.4%) 2909 (21.3%) 1009 (22.1%)
2 614 (2.7%) 1090 (8.0%) 507 (11.1%)
3 153 (0.7%) 350 (2.6%) 194 (4.2%)
>4 2 (0.3%) 126 (0.9%) 0 (1.7%)
Disease severity (missing = 7,123) 30.535 <.001
1 17141 (96.8%) 12018 (97.4%) 4117 (97.7%)
2 480 (2.7%) 251 (2.0%) 83 (2.0%)
3 79 (0.4%) 63 (0.5%) 11 (0.3%)
4 4 (0.1%) 1 (0.0%) 1 (0.0%)

The Chi-square (x%) test was used to evaluate the differences of sex, age (categorical variable), residence city, interval time between vaccine dose and diagnosed,
number of symptoms, hospitalization, factors of severe illness, number of severe iliness factors and disease severity among patients with different vaccination status.
The Kruskal-Wallis test was used to evaluate the difference in age (continuous variable) among patients with different vaccination status. p value less than .05 was

considered statistically significant.

the adverse effect of disease severity on hospitalization. As
shown in Figure 2, the ORs were decreased for each level of
disease severity.

In addition, essentially all severe illness factors were
associated with COVID-19 hospitalization outcomes
(Table S5). In particular, among those unvaccinated
patients with chronic kidney disease (CKD) (OR: 3.790,
95% CI: 2.851-5.037) and reduced immune function due
to organ transplantation, use of immunosuppressants,
anticancer drugs, and so on (OR: 2.581, 95% CI: 1.835-
3.628). Nevertheless, vaccination did not significantly help
patients with severe illness factors and even increased the
risk of hospitalization in some patients with extreme illness
factors. For example, patients suffering from reduced
immune function due to organ transplantation, use of
immunosuppressants, anticancer drugs, and so on had

a substantially higher risk of hospitalization after vacci-
nated primary program (OR: 2.581, 95% CI:1.835-3.628)
and with completed booster vaccination (OR: 4.508, 95%
CI: 1.942-10.462).

Disease severity of COVID-19

Of the 34,259 COVID-19-infected patients included, the disease
severity was divided into four levels: 1 (n = 33,276), 2 (n = 814), 3
(n=153), and 4 (n=16) (Figure 1; Tables S6 and S7). Patients
with higher disease severity were more male (level 3: n =95,
62.1%; level 4: n = 14, 87.5%). Due to the small number of patients
with a disease severity level of 3 and 4 were subsequently com-
bined and analyzed. The disease severity was categorized as low
level of severity (disease severity level 1) and high level of severity
(disease severity level 2, 3, or 4). Compared characteristics were



HUMAN VACCINES & IMMUNOTHERAPEUTICS e 5

Total patient Vaccinated the primary program with one o two doses Completed booster

sex { Male . .
Female .- —.—
Age Age . .
Residence Nagasaki . .
city Other
Not vaccination
Vaccination
Completed booster vaccination
‘"{;’;‘:L'ei"“‘e 1470 days o o
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severs ilness factors: O o o
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Disease severiy: 4
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Number of symptoms: 2 o e
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Figure 2. Odds ratios for characteristics associated with COVID-19 related hospitalization among total patients, patients of vaccinated the primary program and
completed booster vaccination. Binary logistic regression was used to evaluate the relationship between COVID-19 related hospitalization and patient characteristics,
and the OR values were calculated. Among the patients of vaccinated the primary program with one or two doses, there were only 1 patient with disease severity of 4,
could not obtain effective OR value. Among the patients of completed booster vaccination, there were only 2 patients whose residence city was “other,” and only 1

patient with disease severity of 4, could not obtain effective ORs values.

broadly similar to the results of the four classifications of disease
severity, with only the difference in sex turning out to be not
significant (p > .05) (Tables S6 and S8). In comparison to the low
level of severity, patients with a high level of severity were gen-
erally older (median age 23 vs. 57 years) and with a greater
proportion in the >80 years age group (189, 19.2%). Moreover,
there were more unvaccinated patients in the high level of severity
(573, 58.3%). In addition, patients with a high level of severity had
a larger number of symptoms (=5: 118, 12%), more patients with
severe illness factors (643, 69.4%), a greater number of severe
illness factors (=4: 54, 5.4%), and more need for hospitalization
(417, 42.4%) (Table S8).

The disease severity of COVID-19 was associated with age,
and the severity risk increased with age (OR: 1.050, 1.046—
1.055) (Figure 3; Table S9). It was also noted that the risk of
disease severity was increased in patients with a larger number

Total patient
Male. T
Female .
Age
Resldence Nagasaki .
Other
Not vaccination

Vaccination

status Vaccinated the primary program

Completed booster vaccination
Interval time

. o
betveen 14-70days

vacane dose { 70- 140 days
dvagnosed >140 days .-
‘severe illness factors: 0 o
severs ilness factors: 1
Number of
severe illness severs lness factors: 2
factors
svers iness factors: 3
ssvers lness factors: 24
symptoms: 0 .

Number of symptoms: 2

symptoms symptoms:3
symptoms: 4
Symptoms: 25
Whether to be
hospitalized

Not hospitalized o

Hospitalized

0 05 1 3 5 7 N 0 05 1

or

of severe illness factors (=4: OR: 3.367, 95% CI: 2.232-5.079),
a larger number of symptoms (=5: OR: 14.582, 95% CI: 9.015-
23.587) and hospitalization (OR: 8.447, 95% CI: 7.059-10.108).
However, it could be found that vaccination significantly
reduced the risk of disease severity (vaccinated primary pro-
gram: OR: 0.191, 95% CI: 0.160-0.228; completed booster
vaccination: OR: 0.129 95% CI: 0.099-0.169). At the same
time, vaccination caused a reduction in the adverse effects of
the number of symptom occurrences (=5: vaccinated primary
program: OR: 8.159, 95% CI: 3.378-19.705) and hospitaliza-
tion (vaccinated primary program: OR: 3.432, 95%CI: 2.493-
4.725), compared to unvaccinated patients (Figure 3; Table
S9). What’s more, completed booster vaccination can further
reduce the adverse effects of age (OR: 1.047, 95% CI: 1.031-
1.063) and number of symptom occurrences (=5: OR: 3.826,
95% CI: 1.068-13.701).

Vaccinated the primary program with one or two doses Completed booster vaccination

. —_——
s S —
.
ks
.
-
e
[
s
o
e

0 05 1 3 5 7 9

Figure 3. Odds ratios for characteristics associated with COVID-19 disease severity (binary classification) among total patients, patients of vaccinated the primary
program and completed booster vaccination. Binary logistic regression was used to evaluate the relationship between COVID-19 disease severity (binary classification)
and patient characteristics, and the OR values were calculated. Among the patients of completed booster vaccination, there were only 2 patients whose residence city
was “other,” could not obtain effective OR value.
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Besides, most severe illness factors were related to the dis-
ease severity (Table S10). Among unvaccinated patients, severe
illness factors contributed to the disease severity, especially
obesity (OR: 4.025, 95% CI: 3.055-5.303), patients with
reduced immune function due to organ transplantation, use
of immunosuppressants, anticancer drugs and so on (OR:
3.401, 95% CI: 2.342-4.939) and patients with chronic respira-
tory diseases (OR: 3.270, 95% CI: 2.125-5.033). Compared
with unvaccinated patients, the vaccinated primary program
and booster were found to have favorable effects in patients
with malignant tumors (ORs: 2.783 vs. 2.382 vs. 2.286) and
diabetes (ORs: 1.834 vs. 1.468 vs. 1.543), reducing the
increased risk of disease severity. In other factors, however,
the effects were not significant.

Clinical symptoms

The majority of unvaccinated COVID-19 infected patients had
fever (18,177, 78.6%) and cough (8,588, 37.1%) symptoms, and
a high number had headache (5,238, 22.6%) and general malaise
(4,623, 20.0%) (Table S11). This was also the situation in the
vaccinated patients, but vaccination slightly decreased the risk of
some symptoms. As can be seen in Figure 4 and Table S11,

vaccination significantly decreased the risk of fever (vaccinated
primary program: OR: 0.754, 95% CI: 0.706-0.805; completed
booster vaccination: OR: 0.400, 95% CI: 0.367-0.437), pneumonia
(vaccinated primary program: OR: 0.409, 95% CI: 0.286-0.585;
completed booster vaccination: OR: 0.355, 95% CI: 0.200-0.631),
emesis (vaccinated primary program: OR: 0.563, 95% CI: 0.484-
0.655; completed booster vaccination: OR: 0.306, 95% CI: 0.223-
0.418), diarrhea (vaccinated primary program: OR: 0.674, 95% CI:
0.583-0.780; completed booster vaccination: OR: 0.424, 95% CI:
0.328-0.548), and loss of smell/taste (vaccinated primary pro-
gram: OR: 0.650, 95% CI: 0.511-0.826; completed booster vacci-
nation: OR: 0.452, 95% CI: 0.305-0.668). For some symptoms,
such as general malaise (OR: 0.842, 95% CI: 0.766-0.926) and
headache (OR: 0.605, 95% CI: 0. 548-0.668), preventive effects
were shown only after completing booster vaccination. On the
contrary, it can be recognized that vaccination was ineffective in
preventing all symptoms. There was no preventive effect on cough
and acute respiratory symptoms other than cough in this study.

Discussion

Our study described the vaccination characteristics of
COVID-19-infected patients in Nagasaki, Japan, from

Clinical symptoms
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Figure 4. Odds ratios for clinical symptoms in different vaccination status. Adjusted for sex, age (continuous variables), residential address, disease severity,
hospitalization and number of severe illness factors. Reference category for each is absence of the clinical symptoms. Among the patients of completed booster

vaccination, patient with multiple organ failure was not seen.



March 14, 2020, to August 31, 2022. It also determined that
vaccination was associated with a decreased risk of hospita-
lization and disease severity, and highlighting the benefits of
completing booster. In addition, other risk factors associated
with hospitalization and disease severity of COVID-19 were
analyzed, such as male, the older (especially those over 80
years old), obesity, CKD, immunocompromised status, and
other factors.

To begin with, this study showed that many infected patients
were not vaccinated in Nagasaki Prefecture, Japan, with
a vaccination rate of only 44.08%. On the one hand, this may
be related to the delay in vaccine roll-out in Japan.”” A study
claimed that the hesitancy of COVID-19 vaccine was more
severe in Japan, with 30% of respondents expressing hesitate to
receive the vaccine due to concerns about the safety and potential
side effects.”” The percentage of people who had received at least
one dose in other developed countries in April 2021 ranged from
28% to 51%, but this percentage was relatively low in Japan, at
only 4%.”> On the other hand, the low vaccination rate among
infected patients may be mainly due to the vaccine’s effectiveness
in decreasing the risk of infection. Clinical trials demonstrated
that the VE was as high as 90%.'"'> Real-world studies in Japan
had shown that the vaccine was still highly effective, with VE
reaching more than 80% in the Delta-dominant period.'*"*
However, in the Omicron-dominant period, VE ranged from
32% to 56%. After booster vaccination, VE improved consider-
ably, reaching about 70%.'>'>** Nevertheless, some studies
found an increased risk of infection of 14% after ten weeks of
vaccination'” and an increased risk of infection beyond 20 weeks
when the vaccine’s efficacy declined by more than 20%.>>>” We
also noticed that most of the patients we included were indivi-
duals vaccinated for more than 140 days. Perhaps as shown in
the previous research, the level of neutralizing antibodies in the
body dropped 3.9-fold after ten weeks,”® and intranasal IgA was
essentially back to pre-COVID-19 levels after nine months.*
The chances of being infected are greatly increased by the drop
in the body’s immune levels caused by the longer period of time
experienced after vaccination. However, the number of symp-
toms and severe illness factors were higher in vaccinated
patients. This may not be consistent with our expectations. It
was important to consider that the vaccine may have initially
been promoted among populations at higher risk of severe dis-
ease, such as the elderly. As a result, these groups naturally have
a higher risk level compared to others.

In addition to preventing COVID-19 infection, studies in
some Western countries had shown that vaccination
decreased the risk of hospitalization, critical illness and mor-
tality from COVID-19-related diseases.'”'®***° The results
from our study supported these findings, as we found that
vaccinated the primary program decreased the risk of
COVID-19 related hospitalization by 24.1%. Completion of
booster vaccination was even more effective, decreasing the
risk of hospitalization by 73.9%. Similar conclusions were
drawn from the results of a study of COVID-19 hospitaliza-
tion and mortality outcomes in Nara Prefecture, Japan.’
Moreover, the association between the vaccine and risk of
disease severity was analyzed in our study. The results
showed that vaccinating the primary program reduced the
risk of disease severity by 80.9%, and completing the booster

HUMAN VACCINES & IMMUNOTHERAPEUTICS e 7

vaccination reduced the risk by 87.1%. Unlike other
studies,'”'®*>’! we did not find an increased risk of hospi-
talization and disease severity with longer intervals after
vaccination in our current study. There was no reduction
in the protective efficacy of the vaccine long after vaccina-
tion, except for a significant decrease in protection against
the risk of disease severity beyond 70 days of booster
vaccination.

Vaccination can help in reducing the risk of hospitalization
and severe illness in some patients with risk factors. For exam-
ple, males, older age, patients who suffer from critical factors,
and patients who occur with more symptoms. Differences in
disease severity between males and females may be attributed to
differences in the expression levels of sex hormones, ACE2 and
TMPRSS2 involved in the inflammatory process, as well as
lifestyle differences such as smoking.”> Age was also found to
be an independent risk factor after performing a multifactorial
analysis. Vaccination with a booster shot could slightly reduce
the risk of age-related disease severity. More comorbidities, age-
related physiological changes, or aging of the immune system
significantly contribute to increased susceptibility and impaired
immune response to vaccination.”>>* Therefore, vaccines may
be less protective in the elderly than in the younger, and booster
vaccinations are recommended for older people as necessary.

With regard to severe illness factors, we observed that CKD,
immunocompromised status, and obesity led to more than
a two-fold increase in the risk of hospitalization. Obesity, immu-
nocompromise status, and chronic respiratory diseases resulted
in a more than three-fold increase in the risk of disease severity.
Many studies described the mechanisms associated with these
severe illness factors. Notably, obesity was one of the factors
strongly associated with hospitalization and disease severity.
The higher risk of thrombosis and respiratory dysfunction due
to altered respiratory mechanisms contributed to increased risk
in obese patients.’® Moreover, it had been proposed that obesity
is a pro-inflammatory disease, and inflammatory markers in
COVID-19 admitted patients had been significantly associated
with serious illness and mortality.*>*>* Similarly, it was unsur-
prising that immunocompromised, CKD, and chronic respira-
tory diseases patients were at high risk. A persistent pro-
inflammatory state, elevated expression of ACE2 and
TMPRSS2, airflow limitation, and use of corticosteroids would
lead to an increased risk of hospitalization and severe illness.”*
0 Unfortunately, vaccines were less effective to help those
vulnerable groups. Immunosuppressive therapies will also
have a negative effect on the immune response to the COVID-
19 vaccine.®® Therefore, other options should be considered,
such as the use of antiviral medications and anti-spiking mono-
clonal antibodies.'” However, some studies showed that vacci-
nation is the most important intervention for the pregnant
population to protect pregnant women and even
newborns.*"** Whereas, this study could not draw valid con-
clusions due to too few pregnant people in the included patients.

In terms of clinical symptoms, vaccination decreased the
risk of some symptoms in patients. Symptoms were also an
important risk factor for disease severity, as fever, cough,
headache, and gastrointestinal symptoms were commonly
seen in infected patients. This had also been found in previous
studies, and symptoms may be associated with cytokine.*>
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This study had some limitations. First, this study only
focused on COVID-19 infected patients in Nagasaki
Prefecture, Japan, limiting the ability to assess the vaccine
effectiveness in preventing infection and the results should be
extrapolated with caution. Second, the data in this study were
obtained from the COVID-19 infected patient surveillance
system, and some information was self-reporting, which may
have recall bias. Third, there had many missing values in this
data, such as vaccination status. It had to be excluded due to
too many patients with unknown doses of vaccinations.
Because this did not qualify for multiple interpolation, inter-
polating more than a certain percentage of the data would
cause a large bias.*’ Fourth, previous studies had shown that
vaccine types had differential effects on the occurrence of
adverse outcomes.”*** In this study, the vaccine type was not
further analyzed because most patients were vaccinated with
Pfizer-BioNTech (Vaccination with Moderna was only 11
individuals). Fifth, genomic analysis of COVID-19 patients
was not performed in this study, and it was not possible to
estimate the impact of different strain lineages on the out-
comes. Lastly, due to lack of antibody data, we were unable
to rule out potential prior infections in the non-vaccinated.

Conclusion

The data shown that vaccination rates were low from
March 14, 2020 to August 31, 2022 in Nagasaki Prefecture,
Japan. The findings suggested that vaccination was associated
with reduced risk of COVID-19-related hospitalization and
disease severity, and highlighted the benefits of completing
boosters. In addition, COVID-19 associated risk factors for
hospitalization and disease severity were male, elderly, patients
with immunocompromised, obese, and other severe illness
factors. However, vaccination can help in reducing the risk of
hospitalization and severe illness in some patients with risk
factors. Therefore, vaccination is one of the effective ways to
control the outbreaks and reduce severity.
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