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SUMMARY

Diseases caused by pneumococci are a global public
health problem. The widespread use of antibiotics
has led to a sharp increase in the drug resistance of
pneumococci, making research on pneumococcal
vaccines highly relevant. Pfizer's 13-valent
pneumococcal conjugate vaccine (PCV13) is effective;
however, its use in low- and middle-income countries
is challenged by cost and logistical difficulties in
vaccine transportation, storage, and management.
Therefore, there is an urgent need to develop
efficient, convenient, and affordable vaccines in these
countries. An alternative pneumococcal vaccine is
produced by Minhai, but its effectiveness is not well
understood compared to Pfizer’s vaccine. Differences
in bacterial strains, vaccine carrier proteins, and
conjugation processes may lead to different immune
protections against pathogenic pneumococci. We
hypothesized that the pneumococcal conjugate
vaccine produced by the Minhai company would
elicit significant immunogenicity in experimental
mice, though potentially lower than that of the Pfizer
vaccine. To test this hypothesis, we gave the Pfizer
or Minhai vaccine to mice. Then we used an enzyme-
linked immunosorbent assay (ELISA) to detect the
antibody geometric mean titer (GMT) of serum IgG
antibodies in the vaccinated mice. Although there were
slight differences in the antibody titers against the 13
serotypes, these differences were not statistically
significant, and the antibody titers for all serotypes
met the requirements for immune protection. We
concluded that the 13-valent pneumococcal conjugate
vaccine produced by the Minhai company elicits a
robust immune response in mice.

INTRODUCTION

Pneumococci are Gram-positive bacteria whose capsule
is their main virulence factor. The capsular polysaccharides
exhibit antigen specificity and can be recognized by specific
antibodies or immune cells, leading to a targeted immune
response. Based on the antigenic structure of the capsular
polysaccharide, pneumococci are divided into 91 serotypes
(1, 2). Research shows that over 80% of invasive diseases
caused by pneumococci worldwide are due to 30 serotypes
out of all the serotypes of the pneumococcus (3). Thirteen
serotype strains are responsible for 70% to 75% of invasive
diseases globally (4). Pneumococcal bacteria mainly exist
in the nasopharynx of healthy individuals and are a major

causative agent of bacterial lobar pneumonia, meningitis,
community-acquired pneumonia, and bronchitis (5).
Community-acquired pneumonia is a common complication of
influenza (6). In 2005, the World Health Organization (WHO)
reported that 1.6 million people die from pneumococcal
infections annually (7). Diseases and complications caused
by pneumococcal infection seriously affect human health
and are a leading cause of death in infants, children, and the
elderly (8). Human immunodeficiency virus (HIV) infection and
immune deficiency-related diseases significantly increase the
incidence of pneumococcal pneumonia.

The overuse of clinical antibiotics has led to drug resistance
in over 96% of pneumococcal strains, making the treatment of
pneumococcal pneumonia challenging (9). In the latest WHO
antibiotic research and development plan, Streptococcus
pneumoniae is on the priority pathogen list for new antibiotic
research and development, highlighting the severity of the
treatment situation (10). The use of pneumococcal vaccines
has become the most effective method for preventing
pneumococcal diseases (11). The history of pneumococcal
vaccines dates back nearly 100 years, having gone through
multiple stages, including monovalent and multivalent whole-
cell vaccines and capsular polysaccharide pneumococcal
conjugate vaccines of various serotypes (12). In recent
years, the widespread use of the 13-valent pneumococcal
conjugate vaccine, produced by Pfizer in the United States,
has significantly reduced the incidence of pneumococcal-
related diseases, with a 39% decrease in infections caused
by vaccine-covered serotypes (13, 14). The Pfizer vaccine
entered China in 2016. However, due to cost, storage, and
transportation issues, the vaccination rate of the target
population in China is only about 7% (15). Approximately 10
million newborns and over 200 million people over 60 years
old in China need to be vaccinated against pneumococci
annually (16). The vaccination coverage rate of pneumococcal
conjugate vaccine (PCV) among children in China is far lower
than the global average (17). In 2010, Pfizer introduced the
world’s first 13-valent pneumococcal conjugate vaccine
(PCV13). Previous studies have compared Pfizer PCV13 with
the 23-valent polysaccharide vaccine (PPSV23) (18-20). The
results from these studies showed no statistically significant
difference in the GMT of serotype antibodies of 3, 5, 14, and
19F compared to PPSV23 (18,20). For other common serotype
antibodies, PCV13 was higher than PPSV23. Wang Ting-Ting
et al. compared Minhai PCV13 with Pfizer PCV7. Their results
showed that Minhai PCV-13 had the same immunogenicity as
Pfizer PCV-7 against the 7 common pneumococcal serotypes
(t=0.004, p > 0.05) (21).

Our study looked at the effectiveness of the Minhai
vaccine compared to Pfizer's PCV13. We hypothesized
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that the pneumococcal conjugate vaccine produced by the
Minhai company would elicit significant immunogenicity in
experimental mice, though potentially lower than that of the
Pfizer vaccine. To test our hypothesis, we gave the Minhai or
Pfizervaccinetomiceandthenlooked atthe serumligGantibody
levels in each group using an enzyme-linked immunosorbent
assay (ELISA). Our results showed no significant differences
in immunogenicity and safety between the two vaccines. This
suggests that the Minhai pneumococcal conjugate vaccine
has demonstrated comparable immunogenicity and safety to
the well-known Pfizer PCV13 vaccine in experimental mice.
The results, measured by serum IgG antibody levels, show
no significant differences in effectiveness between the two
vaccines. This indicates that the Minhai vaccine has the
potential to be a viable alternative to the Pfizer vaccine. This
is particularly important in some developing countries, where,
due to production and distribution costs, the Minhai vaccine
may offer a more cost-effective option for countries or health
systems looking to expand vaccination coverage against
pneumococcal diseases.

RESULTS
Safety of the Minhai vaccine

The safety of the Minhai vaccine was assessed by
monitoring the diet, weight, and activity of the mice. Before
vaccination, the average weight of the mice was 13.83 + 0.73
g, with no statistically significant difference between these
groups (p = 0.929). After vaccine administration, both groups
were closely monitored. All mice survived, displayed normal
sensitivity, had shiny fur, and ate regularly. The average
weight of the mice increased to 17.85 + 0.65 g, representing
an average weight gain of 29.1% across two groups (Figure
1). No statistically significant difference in body weight was
observed between the two groups (p = 0.956). These results
suggest that both vaccines demonstrated good safety profiles.
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Vaccination success rate

To ensure the accuracy of the experiment and the
success of vaccination for each vaccinated mouse, we
measured the concentration of carrier proteins in the serum
of every vaccinated mouse. The Minhai group was tested
for the concentration of diphtheria toxin (DT) carrier protein,
represented by an optical density (OD) value, while the Pfizer
group was tested for the concentration of the diphtheria
toxin mutant (CRM197) carrier protein. Our results showed
that all mice in both groups exhibited detectable levels of
the respective carrier proteins, with OD values significantly
above the baseline threshold (Table 1). These findings show
that the carrier proteins CRM197 and DT were detected in all
mice. Since the vaccines administered to both groups of mice
contained carrier proteins, we considered the vaccination
success rate to be 100%.

Antibody levels and data analysis

To compare the immunogenicity of the two vaccines, the
serum antibody titers of various types were measured via
ELISA. Geometric mean titers (GMTs) for the Minhai and
Pfizer groups, along with OD values for the negative control
group, were collected (Tables 2 and 3). The normality test
of the GMT values for all samples showed that the serum
type 5 antibodies followed a non-normal distribution, while
the others followed a normal distribution (Table 4). An
independent-sample t-test was conducted on the GMTs of
the two groups. Among the 13 serotypes of antibodies, no
significant differences (p > 0.05) were observed in the GMTs
between the Minhai and Pfizer groups for all serotypes except
serotype 5 (p = 0.007) (Table 5). The GMT of serotype 5 in
the experimental group was 9000.25 titer units, which was
significantly higher than that of the control group, 5341.09
titer units (p < 0.05, non-parametric test). Given that we were
assessing the immunogenicity of the experimental group, the
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Figure 1. Body weights of mice pre- and post-immunization. Mean + SD of body weight (n=8 per group). Mice were weighed at AGE
prior to receiving one of the vaccines and then at AGE, 35 days, after receiving the vaccine. The average increase in body weight after
immunization was 29.1%. No statistical difference was observed between the Minhai and Pfizer groups (t-test p>0.05). Mouse numbers 1-8
represent the Minhai group; mouse numbers 9-16 represent the Pfizer group.
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Mouse

number 1:2000 1:4000 1:8000 1:12000 1:16000 1:32000 Negative Blank
1 4573 4327 3756  3.043 2533 1735 0.205 0.148
2 4455 4052 3274 2865 2.359 1832 0.173 0.152
3 3757 2872 1969 1.479 1.253 0797 0.197 0.153
4 4185 3314 2396 1.919 1.508 0.957 0.182 0137
& 4299 3577 2791 2248 1.980 1.349 0.182 0.150
] 4103 3595 2744 1928 1.989 1.295 0.158 0.120
7 4204 3493 2866 2292 2.080 1.345 0.157 0.128
8 3280 2211 1508 1.189 0.960 0.584 0.176 0.119
9 3865 2888 2036 1.438 1.267 0791 0.147 0.147
10 3417 2471 1887 1203 1.030 0.857 0.146 0.091
1 2850 1927 1348 0980 0.834 0511 0.135 0.093
12 3819 2985 2107 1827 1.351 0.833 0.157 0.095
13 4144 3205 2314 1785 1.508 0.979 0.145 0.095
14 4278 3351 2421 1.763 1.533 0978 0137 0.092
15 3424 2640 1813 1.260 1111 0.703 0.132 0.098
16 3589 2970 2029 1.452 1.241 0.770 0.151 0.092

Table 1. CRM197 and DT titers for Pfizer and Minhai groups in
mice. OD values of CRM197 and DT titers in the serum of mice in
the control group. Six different dilutions were tested to determine
whether the vaccination is successful, with success being defined as
whether the administration process is successful. Mouse numbers
1-8: CRM197 in the Pfizer group; mouse numbers 9-16: DT in the
Minhai group.

difference in serotype 5 GMTs can be considered negligible.
Overall, our results indicate that the experimental group
exhibited robust immunogenicity.

Correlation between carrier proteins and antibodies

The carrier protein of Pfizer's 13-valent pneumococcal
vaccine is a diphtheria toxin (DT) variant (CRM197), while
Minhai’s 13-valent pneumococcal vaccine uses two carrier
proteins: DT for serotypes 3,4, 6B, 7F, 14, and 18C, and
tetanus toxoid (TT) for serotypes 1, 5, 6A, 9V, 19A, 19F,
and 23F. To study the correlation between antibodies and
carrier proteins, we compared the antibodies corresponding
to DT and TT in the Minhai group to the serotype antibodies
corresponding to CRM197 in the Pfizer group. Our results
showed no significant difference in the serum antibodies
corresponding to DT and TT and the CRM197 carrier protein
(p > 0.05, Tables 6 and 7). However, a significant difference
in the experimental group was observed in the serotype
antibodies corresponding to DT and TT (p = 0.003). The
antibody GMT corresponding to TT was significantly higher
than that of DT.

DISCUSSION

In our study, the GMT of antibodies was compared
between mice who had received a Minha or a Pfizer
pneumococcal vaccine (p=0.119 - 0.860). The antibody levels
of the two groups were comparable, except for the serum type
5 antibodies, which showed a significant difference between
the two groups (p =0.007). The antibody levels of serotype
5 in Minhai's PCV13 were higher than those of Pfizer’s.
Since the type, structure, and purity of carrier proteins can
affect the immunogenicity and safety of conjugate vaccines,

https://doi.org/10.59720/24-213

Sample 3 4 5 BA 6B TF v 14 18C  19A  19F 23F

Code
1 916 430 120 439 125 559 511 108 409 107 113 549 334
2 736 308 116 368 110 434 401 919 372 994 966 317 196
3 433 393 114 334 983 277 262 101 318 675 757 483 482
4 939 406 129 618 107 579 258 111 148 115 @70 117 196
5 787 234 143 417 154 300 562 106 167 139 120 709 3868
6 164 557 135 591 120 572 261 M3 561 111 866 693 533
7 647 774 155 101 131 649 375 145 104 124 128 995 617
8 609 194 101 501 475 220 557 829 121 827 771 771 319
9 649 475 137 137 228 569 407 148 169 860 156 646 076
10 165 319 117 835 433 384 538 530 471 110 126 937 418
1 240 380 89 832 164 353 558 8487 043 801 101 187 303
12 553 335 889 909 539 597 18 909 100 866 999 512 451
13 921 426 105 934 108 104 157 822 399 105 850 781 084
14 535 714 106 883 168 145 199 104 339 122 109 701 120
15 134 085 118 762 109 073 361 111 080 831 832 564 516
16 101 087 113 670 195 089 172 966 160 960 926 104 082

Table 2. GMT (x10%) of the Minhai and Pfizer group. The geometric
mean titers (GMT) of antibodies for different serotypes in the Minhail
and Pfizer groups. The GMT values are presented for each serotype
across the two groups. Mouse numbers 1-8 represent the Pfizer
group; mouse numbers 9-16 represent the Minhai group.

and the production process of vaccines directly influences
the binding efficiency and stability between antigens and
carrier proteins, the differences observed may be related to
variations in the production processes. In our experiments,
we indeed observed differences in carrier proteins, which led
to variations in antibodies. Therefore, in future research on
human vaccines, the selection of carrier proteins will be an
important direction. With the rapid development of artificial
intelligence, significant progress is bound to be made in the
screening of carrier proteins.

The main factor affecting this experiment is the small
sample size, which results in the data of each experimental
animal accounting for a large proportion of the total
experiment, reaching 12.5%. In the experimental group, the
DT value and antibody level are positively correlated. The low
DT value of the third mouse in the experimental group resulted
in low overall data for this mouse, which had a certain impact
on the experimental results. The possible reason is related to
individual absorption differences in mice. The solution is to
detect the carrier protein content of the experimental animals
and increase the number of samples in the experiment to
reduce the proportion of individuals in the experiment.

In this study, we used an ELISA to detect antibody levels
following pneumococcal vaccine immunization. Although
ELISA is a quantitative detection method known for its high
sensitivity and specificity, and it offers several advantages
such as ease of standardization, convenient operation,
and rapid results, the antibodies detected by ELISA do not
necessarily reflect their opsonic-killing ability (22,23). In
contrast, the opsonophagocytic assay (OPA) is currently the
most effective method for evaluating the bactericidal capacity
of pneumococcal vaccines. However, due to its high cost and
complexity, OPA is primarily used by vaccine manufacturers
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1 240 278 186 131 250 276 178 166 205 119 214 258 305

2 235 267 1981 148 254 276 182 164 302 147 202 297 2%

1 256 343 191 171 312 279 212 207 251 150 238 261 257

2 267 333 210 1.80 319 285 217 222 242 148 269 252 267

1 197 247 148 119 218 233 159 160 187 120 196 199 285

2 220 240 150 136 305 227 163 166 190 109 205 229 219

Table 3. OD (x10') of negative group (dilution 1:1000). The
optical density (OD) values of the negative control group at a dilution
of 1:1000 for each serotype. These values are used to calculate the
cutoff value to determine antibody positivity. Numbers 1 represent
the Minhai group; numbers 2 represent the Pfizer group.

and testing institutions to assess the immunogenicity of
pneumococcal vaccines (24).

Nevertheless, ELISA was chosen as the primary detection
method in this study based on its practical convenience and
extensive application experience. Numerous experiments
conducted in China have demonstrated a high degree of
consistency between antibody titers determined by OPA
and ELISA, with results from both methods showing good
agreement (18). Therefore, we believe that the use of ELISA
to detect antibody levels in this study is reasonable and
unlikely to affect the interpretation of the results due to the
absence of OPA testing.

Currently, there are only a handful of companies in
the world producing 13-valent pneumococcal conjugate
vaccines, including Pfizer in the United States and several
companies in China. Pfizer was the first company globally
to develop this vaccine, while the Chinese vaccine has
incorporated certain modifications based on the original
production process. Our study demonstrated that there is no
significant difference between the two vaccines in their core
function, namely immunogenicity. However, the domestic
vaccine demonstrates advantages in production efficiency,
cost-effectiveness, transportation, storage, and suitability for
use within China. Notably, domestically produced vaccines
are distributed directly to epidemic prevention stations
without intermediate steps, which represents a distinct
logistical advantage. The data obtained from this study
provides scientific evidence to support the use and selection
of vaccines for the Chinese population. It is important to note
that this study was conducted on animals, and while Minhai’s
PCV13 has shown promising safety and immunogenicity,
further clinical data will be necessary to validate its efficacy in
humans.

Looking ahead, one promising area of research involves
the use of alternative carrier proteins, such as ferritin, which
has shown remarkable potential in enhancing vaccine
immunogenicity. Studies have demonstrated that ferritin-
based vaccines can induce neutralizing antibody levels
ten times higher than traditional vaccines, with ferritin
nanoparticles significantly boosting immune responses
(25). In terms of production and cost-effectiveness, ongoing
research aims to optimize vaccine manufacturing processes
to improve scalability and reduce costs. This is particularly
crucial for low- and middle-income countries, which require

Serotype Group Statistics Significance

1 1 0.959 0.799
2 0.93 0514
] 1 0.938 0.587
2 0.93 0518
. 1 0.944 0.651
2 0.986 0.985
5 1 0.807 0.034
2 0.832 0.063
1 0.826 0.054

BA
2 0.914 0.383
1 0.854 0.105

6B
2 0.89 0.236
1 0.848 0.092

TF
2 0.851 0.097
1 0.947 0.683

9V
2 0.907 0.332
1 0.895 0.261

14
2 0.825 0.052
1 0.911 0.36

18C
2 0.98 0.961
1 0.855 0.107

19A
2 0.936 0572
1 0.972 0.915

19F
2 0.975 0.932
1 0.833 0.064

23F
2 0.938 0.589

Table 4. Normal distribution test of vaccinated groups. Results
of the Shapiro-Wilk test for the normal distribution of GMT values
in both the Minhai (group 1) and Pfizer (group 2) groups for each
serotype. Note: The degrees of freedom for all tests were 8.

affordable and effective vaccines. Overall, the future of vaccine
research holds great potential for improving immunogenicity,
safety, and accessibility. Continued innovation in carrier
proteins, delivery methods, and production processes will be
essential in addressing global health challenges and ensuring
that vaccines remain a cornerstone of public health initiatives.

MATERIALS AND METHODS
Immunization protocol

The vaccines used in the experiment included the
Minhai 13 - valent pneumococcal polysaccharide conjugate
vaccine, produced by Beijing Minhai Biotechnology Co., Ltd.
(Approval number: 202204011, valid until April 5, 2024), and
an imported vaccine produced by Pfizer (Import registration
number: s20160042, China drug electronic supervision
code: 81895490223773146383, valid until October 2024).
Mice underwent basic and booster immunization. During the
basic immunization period, which lasts 1 - 3 weeks after the
vaccine is injected, a large amount of unstable IgM antibodies
is produced. After 1 - 2 weeks, booster immunization is
performed to convert IgM into 1IgG and enhance antibody
affinity (26).

In the experiment, 28- to 35-day-old mice were used.
The experimental and control groups were subcutaneously
injected with 0.1 ml of the Minhai and Pfizer 13 - valent
pneumococcal vaccine diluent (the vaccine was diluted with
normal saline at a ratio of 1:10) on days 0, 21, and 28, while
the negative group was subcutaneously injected with 0.1 ml of
normal saline on the same schedule (27). Mice body weight
was monitored at baseline (day 0, before immunization) and
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Serotype Minahi mean Pfizer mean t ] Serotype Minhai Pfizer t df P

1 8609.11 6539.07 1.015 0.288 3 3540 4119 -0.594 14 0562

3 3540.08 4119.56 0.594 0.562 4 10928 12650 -2.069 14 0.058

4 10928 58 12650 97 2069 0.580 6B 2891 4485 1660 14 0.119

6A 841567 11139.24 0.851 0.409 7F 3220 3983 1015 14 0327

6B 2891.16 448537 1.66 0.119 14 2200 5786 -1.850 14 0.086

TF 3220.53 3983.95 1.015 0.327 18C 9614 10565 -0.992 14 0.338

av 9668 16 17081 71 0926 0370

14 2200.31 5144.88 1.85 0.860 Table 6. Comparison of GMT of serotype antibodies with
18¢C 9614.09 10585 70 0.992 0338 CRM197 and DT as carrier proteins. GMT values of serotype
1o 10787 73 053475 0705 0440 antibodies in the Minhai and Pfizer groups, along with t-test results.

The t-test was performed to compare GMT values between the two

19F 6704.77 7110.40 0.301 0.768 groups. Test setting a=0.05, degrees of freedom u=14.
23F 2563.84 3804.71 1.453 0.168

Table 5. Independent sample t-test between the Minahi and
Pfizer groups. Comparison of GMT values between the Minahi and
Pfizer groups for each serotype. a=0.05 was used as the significance
level.

seven days after the third immunization (day 35). Weight
was measured for all individuals using an electronic balance
(£0.01 g, Sartorius). The selection of experimental animals
is crucial in the design of the pneumococcal immunity
experimental model. Based on previous research, we used
SPF-grade BALB/c mice, which are 99% genetically identical
to humans, had not been infected with pathogens, and were
4-7 weeks old adult male mice that were not affected by
hormones or environmental factors (28, 29). The mice were
provided by Beijing Weitongli Experimental Animal Co., Ltd.
(Rodent Institute protocol number for this specific experiment:
HIS-14). All mice exhibited smooth coats, were active, and
had a good diet. To meet the 3R (Replacement, Reduction,
Refinement) principle of experimental animals and statistical
requirements, the number of experimental mice was
determined by the degree of freedom (E) estimation method
of biological experiments (30), that is, E = total number of
experimental animals - number of groups, with 10 < E < 20
indicating a normal sample size. Referring to this standard,
the number of mice in the experimental and control groups
was set at eight. A total of 56 mice were used, with 8 mice
each in the Pfizer and Minhai vaccination groups, and 40
mice assigned to the negative control group (no vaccine).
Each mouse was numbered and labeled for identification.

Blood collection

All experimental mice were bled from their orbits three to
seven days after the last vaccine injection. The serum was
separated by centrifugation, packaged, and stored at -40°C.
The sera of 40 mice in the negative group were mixed and
used as negative controls in the experiment.

Preparation of coated plates

Thirteen pneumococcal polysaccharide solutions (Beijing
Gray Pharmaceutical Technology Co. Ltd.) were injected into
96 - well high - adsorption enzyme plates at 100 pul per well.
After incubation at 37°C for 5 hours, wells were washed five
times with 200 pl of 1X PBS (phosphate-buffered saline).
Each well was then blocked with 5% bovine serum albumin
(Solaibao) for 5 hours and washed again five times with 1X

Serotype Minhai Pfizer t df P

1 8609 6539 1.105 14 0228

5 9000 5341 3.459 14 0.004
6A 8415 11139 -0.851 14 0.409
o 0668 10733 -0.926 14 0.370
19A 10787 9934 0.795 14 0.440
19F 6704 7110 -0.301 14 0.768
23F 2563 3804 -1.453 14 0.168

Table 7. Comparison of GMT of serotype antibodies with CRM197
and TT as carrier proteins. GMT values of serotype antibodies in
the Minhai and Pfizer groups, along with t-test results. The t-test was
performed to compare GMT values between the two groups. Test
setting 0=0.05 degrees of freedom u=14.

PBS. The prepared polysaccharide-coated plates were
stored in a 4°C incubator for future use. CRM197 and DT-
coated plates were prepared in the same manner.

Antibody detection

Serum samples were diluted in normal saline at ratios of
1:500, 1:1000, 1:2000, 1:4000, and 1:8000, and added to the
coated plate at 100 ul per well. The plate was incubated at
37°C for 2 hours, then washed five times with 200 ul of 1X
PBS per well. Next, 100 pl of labeled monoclonal antibody
(secondary antibody) was added to each well and incubated at
37°C for 1 hour. The plate was washed five times with washing
buffer, followed by the addition of 100 ul of color development
solution, which was incubated for 15 - 30 minutes. Finally,
10 - 20 pl of 2N H,SO, was added to terminate the color
development reaction. For each serotype tested, negative
controls were also performed, and the obtained values were
used to calculate the cutoff value for antibody positivity.

Detection method

The OD value was measured using the ELISA method.
The treated 96-well plate was placed in a microplate reader
(Thermo Scientific), with the wavelength set at 450 nm,
and the plate’s OD value was read. In this experiment, we
utilized an ELISA reader (Thermo Scientific) to measure the
optical density values of the samples. The ELISA plates w13 -
valentsourced from Thermo Scientific. For the preparation of
the ELISA assay, an antigen coating solution, serum diluent,
enzyme, standard goat anti-mouse secondary antibody,
washing buffer, colorimetric reagent, and stop solution
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were all obtained from Solaibao. Additionally, the 13-valent
pneumococcal polysaccharide was purchased from Beijing
Gray Pharmaceutical Technology Co., Ltd.

Data processing

The database was established using Excel 2013 to process

the sample OD values and obtain the geometric mean titer
(GMT) of the antibodies. SPSS 13.0 software was used to
perform normal distribution tests, independent sample t-tests,
and - Whitney U test on the GMT values.

Received: July 5, 2024
Accepted: January 20, 2025
Published: August 24, 2025

REFERENCES

1.

10.

1.

Marry, F, and N. K. Vadlamudi. “Efficacy and Safety
of the Pneumococcal Conjugate-13 Valent Vaccine in
Adults.” Aging and Disease, vol. 10, no. 2, 2019. https://
doi.org/10.14336/AD.2018.0512.

Sings, Heather L. “Pneumococcal Conjugate Vaccine
Use in Adults—Addressing an Unmet Medical Need
for Nonbacteremic Pneumococcal Pneumonia.” Vac-
cine, vol. 35, no. 40, 2017. https://doi.org/10.1016/j.vac-

12.

13.

14.

15.

https://doi.org/10.59720/24-213

laxis of Pneumococcal Disease (2020 Version).” Chinese
Journal of Epidemiology, vol. 41, no. 12, 2020. https://
doi.org/10.3760/cma.j.cn112338-20201111-01322

Li, Ke-Xi. “Progress in Pneumococcal Vac-
cine  Research.”  Microbiology @~ and  Immunol-
ogy, vol. 30, no. 2, 2002. https://wenku.baidu.

com/view/73badef8b9f3f90f76c61be2.html?
wkis_=1748254207144&bdQuery. Accessed 3 October
2024.

Lexau, Claire A, et al. “Changing Epidemiology of Inva-
sive Pneumococcal Disease Among Older Adults in the
Era of Pediatric Pneumococcal Conjugate Vaccine.” Jour-
nal of the American Medical Association, vol. 294, no. 16,
2005. https://doi.org/10.1001/jama.294.16.2043.

Millar, Eugene V, et al. “Effect of Community-Wide
Conjugate Pneumococcal Vaccine Used in Infancy on
Nasopharyngeal Carriage Through 3 Years of Age: A
Cross-Sectional Study in a High-Risk Population.” Clini-
cal Infectious Diseases, vol. 43, no. 1, 2006. https://doi.
org/10.1086/504802.

Chen, Yan-Yue, et al. “Investigation and Analysis of Pneu-
mococcal Vaccination Status of Children in China.” Chi-
nese Journal of Public Health, vol. 34, no. 11, 2018.
https://doi.org/10.11847/zgggws1121526.

cine.2017.05.075.

Liu, Q Ma Min, “Progress in Epidemiological Studies on
Pneumococcal Diseases.” Chinese Journal of Public
Health, vol. 34, no. 11, 2018. https://doi.org/10.11874/

16.

Zhang, Yun, and Jian-De Shu. “Pneumococcal Pneu-
monia and Its Vaccine.” Chinese. Journal of Epidemi-
ology, vol. 23, no. 1, 2002. https://wenku.baidu.com/
view/Ob13ecce524de518964b7df3.html?_wkts_=17493

zaggws1121523.
Wang, Hua-Qing, et al. “Expert Consensus on Immuno-

prevention of Pneumococcal Diseases.” Chinese Journal
of Preventive Medicine, vol. 19, no. 3, Mar. 2018. https://
doi.org/10.3760/cma.j.issn.0254-6450.2018.02.001.
World Health Organization. “Pneumococcal Conjugate
Vaccine for Childhood Immunization—WHO Position
Paper.” Weekly Epidemiological Record, vol. 82, no. 12,
2007. https://apps.who.int/iris/handle/10665/240901. Ac-
cessed 4 October 2024.

Moren, David M, et al. “Predominant Role of Bacterial
Pneumonia as a Cause of Death in Pandemic Influenza:
Implications for Pandemic Influenza Preparedness.” Jour-
nal of Infectious Diseases, vol. 198, no. 7, 2008. https://
doi.org/10.1086/591708.

“Pneumococcal Conjugate Vaccine for Childhood Im-
munization—WHO Position Paper.” Weekly Epidemio-
logical Record, vol. 82, no. 12, 2007. https://iris.who.int/
handle/10665/240901
Bogaert, D, et al. “Pneumococcal Vaccines: An Update
on Current Strategies.” Vaccine, vol. 22, no. 17-18,
2004. https://doi.org/10.1016/j.vaccine.2003.11.038.
Chen, Ze-Yu. “Preparation and Immunogenicity Study of
a Pneumococcal Conjugate Vaccine for Otitis Media Us-
ing Pneumococcal Hemolysin as a Carrier.” Fudan Uni-
versity, 2007. https://doi.org/10.7666/d.y1171097.

World Health Organization. “WHO Publishes List of
Bacteria for Which New Antibiotics Are Urgently Need-
ed.” World Health Organization, 27 Feb. 2017, http://

17.

18.

19.

20.

21.

22.

07663251&needWelcomeRecommand=1. Accessed 4
October 2024.
World Health Organization. “Immunization Cover-

age.” World Health Organization, 12 Aug. 2021, https://
www.who.int/news-room/fact-sheets/detail/immunization-
coverage. Accessed 2 October 2024.

Li, Jiang-Jiao, et al. “Comparison of two methods evaluat-
ing the immune effect of pneumococcal conjugate vac-
cine.” Practical Preventive Medicine, vol. 21, no. 11, 2014.
https://doi.org/10.3969/j.issn.1006-3110.2014.011.001.
Jackson, Lisa A, et al. “Immunogenicity and safety of a
13-valent pneumococcal conjugate vaccine compared
to a 23-valent pneumococcal polysaccharide vaccine in
pneumococcal vaccine-naive adults.” Vaccine, vol. 31, no.
35, 2013. https://doi.org/10.1016/j.vaccine.2013.04.085.
Li Yan, Lin Zhang, Zhi-jie An. “Immunogenicity and Effect
of 13-Valent Pneumococcal Polysaccharide Conjugate
Vaccine in Adults.” Chinese Journal of Public Health, vol.
37, no. 4, 2021. https://doi.org/10.11847/zggaws 1132737 .
Wang, Ting-Ting, Zhe-Rong You, et al. “Safety and
Immunogenicity Evaluation of 13-Valent Pneumococcal
Conjugate Vaccine in Mice.” International Journal of
Biologicals, vol. 40, no. 1, 2017. https://doi.org/10.3760/
cma.j.issn.1673-4211.2017.01.002.

Rubin, J. B. et al. “Determination of Antibody Responses
of Elderly Adults to All 23 Capsular Polysaccharides After
Pneumococcal Vaccination.” Infection and Immunity, vol.
67, no. 11, 1999. https://doi.org/10.1128/1al.67.11.5979-
5984.1999.

www.who.int/news/item/27-02-2017-who-publishes-list-
of-bacteria-for-which-new-antibiotics-are-urgently-need-
ed. Accessed 26 October 2024.

Chinese Preventive Medicine Association, Vaccine and
Immunology Branch. “Expert Consensus on Monoprophy-

23.

24.

Song, J. Y. et al. “Pneumococcal Vaccine and Opsonic

Pneumococcal Antibody.” Journal of Infection and
Chemotherapy, vol. 19, no. 3, 2013. https://doi.

0rg/10.1007/s10156-013-0601-1.
Romero Steiner, S, et al. “Use of Opsonophagocytic

Journal of Emerging Investigators « www.emerginginvestigators.org

24 AUGUST 2025 | VOL 8 | 6


https://doi.org/10.14336/AD.2018.0512
https://doi.org/10.14336/AD.2018.0512
https://doi.org/10.1016/j.vaccine.2017.05.075
https://doi.org/10.1016/j.vaccine.2017.05.075
https://doi.org/10.11874/zgggws1121523
https://doi.org/10.11874/zgggws1121523
https://doi.org/10.3760/cma.j.issn.0254-6450.2018.02.001
https://doi.org/10.3760/cma.j.issn.0254-6450.2018.02.001
https://apps.who.int/iris/handle/10665/240901
https://doi.org/10.1086/591708
https://doi.org/10.1086/591708
https://iris.who.int/handle/10665/240901
https://iris.who.int/handle/10665/240901
https://doi.org/10.1016/j.vaccine.2003.11.038
https://doi.org/10.7666/d.y1171097
http://www.who.int/news/item/27-02-2017-who-publishes-list-of-bacteria-for-which-new-antibiotics-are-urgently-needed
http://www.who.int/news/item/27-02-2017-who-publishes-list-of-bacteria-for-which-new-antibiotics-are-urgently-needed
http://www.who.int/news/item/27-02-2017-who-publishes-list-of-bacteria-for-which-new-antibiotics-are-urgently-needed
http://www.who.int/news/item/27-02-2017-who-publishes-list-of-bacteria-for-which-new-antibiotics-are-urgently-needed
https://doi.org/10.3760/cma.j.cn112338-20201111-01322
https://doi.org/10.3760/cma.j.cn112338-20201111-01322
https://wenku.baidu.com/view/73badef8b9f3f90f76c61be2.html?_wkts_=1748254207144&bdQuery
https://wenku.baidu.com/view/73badef8b9f3f90f76c61be2.html?_wkts_=1748254207144&bdQuery
https://wenku.baidu.com/view/73badef8b9f3f90f76c61be2.html?_wkts_=1748254207144&bdQuery
https://doi.org/10.1001/jama.294.16.2043
https://doi.org/10.1086/504802
https://doi.org/10.1086/504802
https://doi.org/10.11847/zgggws1121526
https://wenku.baidu.com/view/0b13ecce524de518964b7df3.html?_wkts_=1749307663251&needWelcomeRecommand=1
https://wenku.baidu.com/view/0b13ecce524de518964b7df3.html?_wkts_=1749307663251&needWelcomeRecommand=1
https://wenku.baidu.com/view/0b13ecce524de518964b7df3.html?_wkts_=1749307663251&needWelcomeRecommand=1
https://www.who.int/news-room/fact-sheets/detail/immunization-coverage
https://www.who.int/news-room/fact-sheets/detail/immunization-coverage
https://www.who.int/news-room/fact-sheets/detail/immunization-coverage
https://doi.org/10.3969/j.issn.1006-3110.2014.011.001
https://doi.org/10.1016/j.vaccine.2013.04.085
https://doi.org/10.11847/zgggws1132737
https://doi.org/10.3760/cma.j.issn.1673-4211.2017.01.002
https://doi.org/10.3760/cma.j.issn.1673-4211.2017.01.002
https://doi.org/10.1128/IaI.67.11.5979-5984.1999
https://doi.org/10.1128/IaI.67.11.5979-5984.1999
https://doi.org/10.1007/s10156-013-0601-1
https://doi.org/10.1007/s10156-013-0601-1

IRN
EMERGING INVESTIGATORS

25.

26.

27.

28.

29.

30.

for ~ Serological  Evaluation of  Pneumococcal
Vaccines.” Clinical and Vaccine Immunology, vol. 13, no.
2, 2006. https://doi.org/10.1128/CVI1.13.2.165-169.2006.
Hong Wei, et al. “Key Scientific Issues in the Research
of Vaccines for Major Diseases.” Chinese Science Fund,
vol. 34, no. 5, 2020. https://cstj.cqvip.com/Qikan/Article/
Detail?id=7103586231. Accessed 15 October 2024.
Glickman, Keith P, et al. “Factors That Affect the
Immunogenicity of Conjugate Vaccines.” Plotkin’s
Vaccines, 7th ed.

Zhu, Yan-cai, Wang, Xuan nian, Mei Yin, et al. “Preparation
of His6 Immunogen and Detection of Antibody Titer in
Immunized Mice.” Journal of Henan Agricultural Sciences,
vol. 2007, no. 12. https://doi.org/10.3969/j.issn.1004-
3268.2007.12.035

Benjamin L, et al. “Sex Differences in Variability Across
Timescales in BALB/c Mice.” Biology of Sex Differences,
vol. 8, no. 7, 2017. https://doi.org/10.1186/s13293-016-
0125-3.

Willis-Owen, S. A. and J. Flint. “The Genetic Basis
of Emotional Behaviors in Mice.” European Journal
of Human Genetics, vol. 14, no. 6, 2006. https://doi.
org/10.1038/sj.ejhg.5201569.

Zhao, Wei, and Guo Zhi Sun. “Commonly Used Random
Grouping Methods for Experimental Animals.” Animal
Husbandry and Veterinary Science and Technology
Information, vol. 2009, no. 4. https://doi.org/10.3969/j.
issn.1671-6027.2009.04.042.

Copyright: © 2025 Qiaoran and Ziyi. All JEI articles
are distributed under the attribution non-commercial, no
derivative license  (http://creativecommons.org/licenses/
by-nc-nd/4.0/). This means that anyone is free to share,
copy and distribute an unaltered article for non-commercial
purposes provided the original author and source is credited.

https://doi.org/10.59720/24-213

Journal of Emerging Investigators « www.emerginginvestigators.org

24 AUGUST 2025 | VOL 8 | 7


https://doi.org/10.1128/CVI.13.2.165-169.2006
https://cstj.cqvip.com/Qikan/Article/Detail?id=7103586231
https://cstj.cqvip.com/Qikan/Article/Detail?id=7103586231
https://doi.org/10.1186/s13293-016-0125-3
https://doi.org/10.1186/s13293-016-0125-3
https://doi.org/10.1038/sj.ejhg.5201569
https://doi.org/10.1038/sj.ejhg.5201569
https://doi.org/10.3969/j.issn.1671-6027.2009.04.042
https://doi.org/10.3969/j.issn.1671-6027.2009.04.042

