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the Production of Antibodies and Protects Mice in a Model  
of Systemic Infection Caused by Streptococcus pneumoniae
E. S. Petukhova1, D. S. Vorobyev1,2, A. V. Sidorov1, I. B. Semenova1,  
Y. V. Volokh1, A. Y. Leonova1, A. V. Sidorova1, and N. A. Mikhailova1

Translated from Byulleten’ Eksperimental’noi Biologii i Meditsiny, Vol. 168, No. 10, pp. 471-473, October, 2019
Original article submitted May 16, 2019

Immunogenic and protective activity of recombinant pneumolysin was studied in experiments 
on male BALB/c mice. The mice were immunized intraperitoneally with recombinant pneu-
molysin sorbed on Al(OH)3 (200 μg per mouse). In 2 weeks after immunization, the isotypes 
of antibodies to recombinant pneumolysin in the serum of immunized mice were determined 
by ELISA. The animals were infected with Streptococcus pneumoniae serotype 3. Immuniza-
tion with recombinant pneumolysin induced the production of anti-pneumolysin antibodies, 
mainly of IgG1 subisotype. On day 21 after intraperitoneal infection with S. pneumoniae 
serotype 3 in a dose of 106 microbial cells, the survival rate of animals immunized with re-
combinant pneumolysin in a dose of 25 µg/mouse was 67% vs. 0% in the control (p<0.001). 
Recombinant pneumolysin could be considered as a promising protective antigen for inclusion 
in the serotype-independent vaccine against S. pneumoniae.
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Streptococcus pneumoniae is the causative agent of 
otitis media, pneumonia, meningitis, and sepsis. Vac-
cines based on capsular polysaccharide antigens (poly-
saccharide Pneumo-23 and conjugated Prevenar and 
Synflorix) are used to prevent pneumococcal disease. 
Introduction of the conjugate vaccine for children 
into the national immunization schedules reduces the 
overall incidence of invasive pneumococcal infections 
decreases. However, the results of immunization pro-
grams for adults >65 years of age are not so unam-
biguous, though changes in the ratio of S. pneumoniae 
were observed. In particular, it was shown that sero-
types of the polysaccharide vaccine not duplicated in 
the conjugated vaccine predominate in this age group 
[5], which is a pressing issue due to the increase in 
the life expectancy of the population on a global scale.

Another problem is pneumococcal carriage that 
ranges from 27 to 65% in children and less than 10% 
in adult population [7]. Pneumococcal vaccination is 
correlated with a higher risk of pneumococcal colo-
nization of the nasopharynx and increased antibiotic 
resistance, irrespective of the type of vaccine (conju-
gated or polysaccharide) and immunization schedule 
of the particular country [8].

In general, serotype replacement counterbalances 
the positive effect of reducing the incidence of disease 
caused by vaccine-type S. pneumoniae [3].

In view of these peculiarities and limitations of 
capsular antigen vaccines, serotype-independent vac-
cines are being developed, including recombinant vac-
cines based on conservative pneumococcal proteins. 
One of these proteins, pneumolysin, is a pore-forming 
toxin and the most important protein among the pneu-
mococcal virulence factors [2,4]. Pneumolysin in high 
concentrations forms pores in the membranes of eu-
karyotic cells, thereby inducing their cytolysis and 
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promoting inflammation. It also plays an important 
role in colonization of the upper respiratory tract and 
dissemination [2].

The aim of our work was to study the immuno-
genicity and protective activity of recombinant pneu-
molysin (rPly).

MATERIALS AND METHODS
The strain of S. pneumoniae serotype 3 was obtained 
from the Collection of the Common Use Center of I. 
I. Mechnikov Research Institute for Vaccines and Sera. 
S. pneumoniae was cultured for 18-24 h on a solid 
nutrient medium (blood agar) at 37°C and 5% CO2 in 
a CO2 thermostat.

Male BALB/c mice (body weight 16-18 g, age 6-7 
weeks) were obtained from Andreevka nursery.

For immunization, rPly with a molecular weight 
of 53 kDa was used. The preparation contained bacte-
rial endotoxins in a concentration of 120 U/ml. The 
content of bacterial endotoxins was determined by the 
LAL test (Limulus polyphemus amoebocyte lysate) us-
ing Endosafe LAL reagent (Charles River).

For ELISA, rPly in phosphate buffer (2.5 μg/ml) 
was sorbed on a 96-well plate for 2 h at 37°C and then, 
antibody titers to rPly were determined as described 
elsewhere [6].

For evaluation of immunogenicity and protective 
activity, rPly was initially sorbed on Al(OH)3 (Sigma) 
in 0.9 % NaCl for 12 h at 4°C (200 μg Al(OH)3 per 
mouse).

In a preliminary experiment, the spectrum of an-
tibodies to rPly was analyzed. To this end, the mice 
were twice intraperitoneally immunized with rPly in a 
dose of 25 μg per mouse. The blood was collected, and 
isotypes IgM and IgG and subisotypes IgG1, IgG2a, 
IgG2b, IgG3 were determined in pooled serum using 
commercial secondary peroxidase-labeled anti-mouse 
antibodies (Thermo Scientific). In the main experi-
ment, antibody production was assessed by analysis of 
individual serum samples (the blood was taken from 
the caudal vein). 

For the lethal challenge, the mice were intraperi-
toneally immunized with rPly in a dose of 25 μg (3 
injections with a 14-day interval). For modeling gen-
eralized S. pneumoniae infection, mice of the control 
(n=10) and experimental (n=9) groups were injected 
intraperitoneally with S. pneumoniae serotype 3 in a 
dose of 106 microbial cells in 2 weeks after the last im-
munization. Observation was carried out for 21 days.

Statistical processing of the data was carried out 
using Microsoft Excel and Statistica 10 (StatSoft, 
Inc.). Mice survival (%) analysis was also evaluated 
using a log-rank test [1]. The differences were signifi-
cant at p<0.05.

RESULTS

Analysis of pooled mouse serum after 2-fold immu-
nization revealed a significant increase in anti-rPly 
antibodies of the IgG1 subisotype in comparison with 
the control group (p<0.05), while no increase in the 
titers of IgG, IgG2a, IgG2b, IgG3 to rPly was found. 
In further analysis, only the dynamics of the titer of 
IgG1 subisotype antibodies was evaluated in immu-
nized mice.

Analysis of individual antibody titers in mice im-
munized with rPly in 2 weeks after the second and 
third immunizations revealed a significant increase in 
antibody titer in comparison with the control group 
(maximum titer 1:6400, p<0.05; and maximum titer 
1:51,200, p<0.01, respectively). Antibody titers af-
ter the third immunization significantly increased in 
comparison with those after the second immunization 
(p<0.001).

Fig. 2. Individual titers of antibodies in male BALB/c mice after 
the third immunization.

Fig. 1. Individual titers of antibodies in male BALB/c mice after 
the second immunization. Abscissa: numbers of individual blood 
samples from mice of the control and experimental groups. 
Here and in Fig. 2: each point represents individual titer of anti-
pneumolysin IgG1 antibodies.
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The survival rate in rPly-immunized mice on day 
21 after intraperitoneal challenge with strain S. pneu-
moniae serotype 3 was 66.7% vs. 0% in the control 
(all mice died on day 4; p<0.001).

Our results confirmed the promise of using rPly as 
the component of serotype-independent pneumococcal 
vaccines.

Fig. 3. Survival of male BALB/c mice in the control and experi-
mental groups after intraperitoneal challenge with S. pneumoniae 
serotype 3 in a dose of 106 microbial cells.

REFERENCES
1. Glantz SA. Primer of Biostatistics. Moscow, 1999. Russian.
2. Anderson R, Nel JG, Feldman C. Multifaceted Role of Pneu-

molysin in the Pathogenesis of Myocardial Injury in Commu-
nity-Acquired Pneumonia. Int. J. Mol. Sci. 2018;19(4). pii: 
E1147. doi: 10.3390/ijms19041147.

3. Jackson LA, Janoff EN. Pneumococcal vaccination of el-
derly adults: new paradigms for protection. Clin. Infect. Dis. 
2008;47(10):1328-1338.

4. Moffitt K, Malley R. Rationale and prospects for novel pneumo-
coccal vaccines. Hum. Vaccin. Immunother. 2016;12(2):383-392.

5. Sings HL. Pneumococcal conjugate vaccine use in adults - Ad-
dressing an unmet medical need for non-bacteremic pneumo-
coccal pneumonia. Vaccine. 2017;35(40):5406-5417.

6. Vaneeva NP, Yastrebova NE. Specific immune response to 
certain capsule polysaccharides of Streptococcus pneumoniae 
in healthy blood donors and individuals immunized with pneu-
mococcal vaccines. Zh. Mikrobiol. Epidemiol. Immunobiol. 
2015;(5):20-26.

7. Weiser JN, Ferreira DM, Paton JC. Streptococcus pneumoniae: 
transmission, colonization and invasion. Nat. Rev. Microbiol. 
2018;16(6):355-367.

8. Yahiaoui RY, Bootsma HJ, den Heijer CDJ, Pluister GN, John 
Paget W, Spreeuwenberg P, Trzcinski K, Stobberingh EE. Dis-
tribution of serotypes and patterns of antimicrobial resistance 
among commensal Streptococcus pneumoniae in nine Europe-
an countries. BMC Infect. Dis. 2018;18(1):440. doi: 10.1186/
s12879-018-3341-0.

E. S. Petukhova, D. S. Vorobyev, et al.


	ABSTRACT
	MATERIALS AND METHODS
	RESULTS
	REFERENCES



