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ABSTRACT

Importance: Vaccination against pneumococcal infection is an important method to
reduce the morbidity caused by respiratory diseases in patients with chronic diseases.
Children with tuberculosis infection are in the group of risk due to their susceptibility to
pneumococcal infections. Tuberculosis in children and adolescents is an urgent
challenge for public health service in Russia, but these children are not vaccinated
against pneumococcus.

Obijective. To widen the indications for vaccination of children with various
manifestations of tuberculosis infection by pneumococcal polysaccharide 23-valent
vaccine (PPV-23) according to the evaluation of its safety and efficiency.

Methods: There were analyzed the data taken from medical histories of 96 children
with various manifestations of tuberculosis (Mycobacterium tuberculosis infection - 48
children; local forms of tuberculosis in the stage of involution - 48 children). In 63
patients tuberculosis infection was associated with frequent respiratory infections (one
case every 1-2 months) with administration of antibacterial therapy treatment. 35
patients of these 63 children were vaccinated by PPV-23 (24 - in the first group, 11 -
in the second one). None of them had had the vaccination against pneumococcus
before that. The children were under clinical observation within 12 months, and the
frequency of respiratory infection cases was evaluated. Before the vaccination, and
on the 14th and 45th days after the vaccination there were determined
subpopulations of lymphocytes by the method of flow cytometry, functional activity of
lymphocytes by the reaction of blast-transformation with phytohemagglutinin (RBLT
with PHA); level of TNF-a, IL-1[3, IL-6, INF-y, IgE cytokines in blood serum by the
method of immunofluorescence analysis; concentration of Ig A, M, G, circulating
immune complex common pool.

Results: The vaccinated patients did not manifest any side effects in the postvaccinal
period, the course of the main disease did not worsen, the frequency of respiratory
infections decreased by 2.1 times in children of the first group and by 2.5 times in the
second one. Vaccination against pneumococcal infection by PPV-23 was suggested to
be included in the standard of medical service for patients with tuberculosis infection.

INTRODUCTION

Vaccination against pneumococcal infection is recommended worldwide for patients
with respiratory system chronic pathology [1]. Tuberculosis of the lungs is one of the

most severe chronic diseases of the lungs in children and adolescents. According to
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WHO data the Russian Federation is included in the group of
the countries with the most threatening tuberculosis situation
[2,3]. In 2019 the morbidity indicator in our country was 41.08
per 100 thousand population, the mean year indicator of the
disease was 64.26 per 100 thousand population. A special
attention was given to the increase of the number of children
under two years of age in the general structure of pediatric
morbidity: from 10-11% in 2009-2013 to 13-15% in 2015-
2019. The pediatric morbidity indicator in Russia among
children under 17 years of age was on the average 9.13 per
100 thousand population in 2019 [4]. The necessity of

vaccination of patients with tuberculosis infection was
considered in the world long time ago, however in routine
practice these patients have not been vaccinated for a long
time period, considering that a current chronic infection and
furthermore the presence of immunologic changes, make the
efficiency of the vaccination quite debatable. A number of
studies prove that the immune status of patients with
tuberculosis is characterized by the depression of immunity cell
chain with the decrease of general level of lymphocytes, T-
lymphocytes, and inhibition of their functional activity [5-7]. In
Russia vaccination by pneumococcal vaccine is not included in
medical service standards for patients with tuberculosis. An
important factor of the absence of vaccination in patients with
chronic diseases is also the decrease in the trust to vaccination
among parents and medical staff that leads to vaccination
refusal or time-limit medical failure of vaccination [8,9].

OBJECTIVE

To study clinical and immunologic safety and clinical efficiency
of vaccination by pneumococcal polysaccharide 23-valent
vaccine of children with various manifestations of tuberculosis
infection.

MATERIALS AND METHODS

Pediatric Research and Clinical Center for Infectious Diseases
performed an observation of over 96 children aged 3-14
years old with various manifestations of tuberculosis infection:
48 children infected by Mycobacterium tuberculosis with
different degree of manifestation of specific sensitization to
tuberculin (according to ICD-19 R76.1 Abnormal reaction to
tuberculin test; Z03.0 supervision caused by tuberculosis
suspicion). The second group included 48 patients with local

forms of tuberculosis, involution stage: 27 children with
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tuberculosis of intrathoracic lymph nodes, involution stage

(resolutions, consolidations); 6 patients with a primary

tuberculosis complex; 15 children with a risk of recurrent
(Ghon'’s (A16.3 Tuberculosis of

tuberculosis tubercle)

intrathoracic lymph nodes without bacteriological or histological
A16.1. without

A16.9

confirmation; Tuberculosis of the lungs

bacteriological and  histological investigations;
Tuberculosis of respiratory organs of unknown localization
without bacteriological or histological confirmation; B90.9
Long-term effects of tuberculosis of respiratory organs and
unspecified tuberculosis). The diagnosis was confirmed by
Research Institute ~ of

phthisiatricians of  Scientific

Phthisiopulmanology by standard complex of phthisiatric
examination (Mantoux test, skin prick test, Diaskin test, chest X-
ray examination and/or tomogram) with extra multispiral
computer tomography and computer  tomographic
angiography. Diaskintest is a recombinant protein produced by
a genetically modified Escherichia coli culture. When
administered intradermally, it causes a specific reaction in
people with tuberculosis infection, which is a manifestation of
delayed hypersensitivity [10].

63 patients out of 96 patients (45 children from the first group
and 18 from the second one) had in their medical histories
tuberculosis infection combined with frequent respiratory
infections (one case every 1-2 months) with the administration
of antibacterial therapy treatment. None of them had had the
vaccination against pneumococcus before that. After receiving
the informed voluntary consent from their parents for
vaccination and in agreement with the phthisiatricians 35
children from the risk group were vaccinated by PPV-23 (24
patients from the first group and 11 children from the second
one).

The children from the 1st group were vaccinated on the
background of both preventive chemotherapy and without
specific treatment. The children of the 2nd group were
vaccinated under the following conditions: the therapy basic
course was being performed for 4 and more months (the stage
of therapy continuation); positive clinical and laboratory and
radiological dynamics of tuberculosis process (decrease of
manifestations of intoxication

syndrome, improvement of

radiological imaging, decrease of tuberculosis activity

determined by the dynamics of biological tests (Mantoux test,
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Diaskin test) and serologic reactions to tuberculosis

mycobacterium antigenes). To check serologic indicators
confirming low activity of tuberculosis infection there were used
the indicators of the reaction of indirect hemagglutination not
higher than 1:4, of complement consumption reaction - not
higher than 12, of hemolysis reaction - not higher than 5
standard units, and of immune-enzyme analysis - not higher
than 0.2 1U/ml.

All vaccinated children were under clinical observation during
the postvaccinal period, with everyday measurement of body
temperature within the first two weeks and medical
examination on the 14th and 45th days after the vaccination.
In 1, 3 and 12 months after the vaccination all children were
examined by the doctor.

According to the international protocols there were evaluated
general and local unfavourable manifestations, as well as the
absence of severe unfavourable manifestations. Laboratory
investigation was made before the vaccination, on the 14th
and 45th days and included the following parameters:
phenotyping of lymphocytes by the method of flow cytometry
(CD3+, CD4+, CD8+, CD16+, CD20+, CD25+, CD95+) by
Backton  Dickenson FACS  Calibur  (USA) cytometer;
determination of functional activity of lymphocytes in RBLT with
PHA; the level of cytokines TNF-q, IL-1(, IL-6, INF-y, IgE in
blood serum by the method of immunofluorescence analysis
with the usage of commercial immunofluorescence test systems
produced by Limited Liability Company “Cytokine” (Saint
Petersburg); concentration of IgA, M, G by turbodiametrical
method with a kit of reagents produced by “SENTINEL”
company (ltaly), circulating immune complex common pool by
the method of polyethylene glycol precipitation (PEG) with
3.5% PEG solution of “Sigma”.

The statistical analysis of the received results was made with
the use of StatisticaStatSoft program, version 8 for Windows.
Calculation of mean values was made by the methods of
descriptive statistics. The data were presented in the form of
median (Me) and confidence interval (95% Cl), mean
geometric value with an average error. To compare the groups
there were applied nonparametric criteria (Mann-Whitney,
Kolmogorov-Smirnov, Wilcoxon tests). The differences were

considered statistically relevant in case of p<0.05.
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RESULTS AND THEIR DISCUSSION

2 children out of 24 patients (8.3%) from the 1st group had
fever up to 38°C. 1 child out of 11 patients (9.1%) from the
2nd group had fever up to 39.5°C on the first day after the
vaccination. The reactions in the introduction place in the form
of hyperemia up to 5 cm were in 2 children from the 1st group
(8.3%) and in 1 child from the 2nd group (9.1%). The
frequency of development of unfavourable manifestations was
not different in the groups and did not exceed the indicators
specified in the instruction for the drug. Catarrhal
manifestations (cough, rhinitis) were in 2 children from the 1st
group (8.3%). Both children appeared to have a family contact
with respiratory infection and became ill on the 3rd and 7th
days after the vaccination. 27 children (77.1%) did not
develop any unfavourable manifestations.

All children were observed after the vaccination by a
phthisiatrician with carrying out the basic methods of
examination (clinical condition, tuberculin skin tests, X-ray
examination control, specific serologic reactions). Supervision in
dynamics did not reveal any deterioration of tuberculosis
infection course.

All children vaccinated by PPV-23 had clinical supervision
within 12 months that allowed to evaluate the influence of
vaccination on the morbidity caused by pneumococcal infection.
To evaluate clinical and epidemiological efficiency there were
analyzed anamnestic data: the number of cases of respiratory
media and community-acquired

infections, acute ofitis

pneumonia, being the most widely spread forms of
pneumococcal infection in pediatric population, during the year
before the vaccination and within the year aofter the
vaccination. It was revealed that within the year after the
vaccination the number of respiratory infections, otitis media
and community-acquired pneumonia of any aetiology reduced
in both groups: in the 1st group - by 2.1 times (from 6.8 cases
to 3.2 ones), in the 2nd group - by 2.5 times (from 6.1 cases to
2.4 ones).

Thus, the conducted study confirmed safety and clinical and
epidemiological efficiency of vaccination by PPV-23 of
children with various manifestations of tuberculosis infection.
Also there was made an immunologic description of vaccinal

process after the vaccination by PPV-23. The results are given

in Table 1.
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Table 1: Dynamics of some immunologic indicators before,
on the 14t and 45™ days after the vaccination against

pneumococcal infection (by PPV-23 vaccine).

Time of examination
Indicators Groups
before vaccination 14th day 45th day
o 144.5 (37.5- 103 (16-
1 191.3 (25-379)
IL-1 B, 250.5) 148)
(pg/ml) 27 (16-
2M 282 (0-415)* 261 (168-264) (
148)*
o 125.3 (21.5- 20.0 (0-
INF -, 1 . 78.1(0-161)* X
171.5) 60)
(pgim) - . :
2 65.7 (0-136) 22 (0-44) 3.7 (0-26)
o . 10.0 (7.0- 11.8 (7.8-
1 7.6 (6.4-10.8) . .
Ig G, (g/l) 13.5) 15.6)
d 13.2 (11.4- 11.8 (10.2-
2 9.6 (9.4-10.8)*
142)* 14.9)*

*p<0.05 — relevant differences on 0 and 14 and 45 days of

examination.

The study of immunologic indicators in postvaccinal period did
not reveal any statistically significant changes in subpopulation
of lymphocytes. In both groups there was a statistically
significant increase of IgG level by the 14-45th days after the
vaccination, in the 1st group from 7.6 mg/ml (95% Cl 6.4-
10.8) to 10.0 mg/ml (95% ClI 7.0-13.5) (p=0.03) by the 14th
day and to 11.8 mg/ml (95% Cl 7.8-15.6) by the 45th day, in
the 2nd group from 9.6 mg/ml (95% Cl 9.4-10.8) to 13.2
mg/ml (95% Cl 11.4-14.2) by the 14th day and to 11.8
mg/ml (95% Cl 10.2-14.9) by the 45th day.

There was a decrease of the level of INF-y and IL-13 in both
groups. In the 1st group there was a statistically significant
decrease of IFN-y by the 14-45th days from 125.3 pg/ml
(95% Cl 21.5-171.5) to 78.1 pg/ml (95% Cl 0-161) (p=0.01)
and 20.0 pg/ml (95% Cl 0-60) (p=0.002) accordingly, and a
tendency to the decrease of the level of IL-1 from 144.5 pg/ml
(95% Cl 37.5-250.5) to 103 pg/ml (95% Cl 16-148) by the
45th day. In the 2nd group IFN-Y level decreased from 65.7
pg/ml (95% Cl 0-136) to 3.7 pg/ml (95% Cl 0-26) (p=0.03),
IL-1 level from 282 pg/ml (95% Cl 0-415) to 27 pg/ml (95%
Cl 16-148) (p=0.02) by the 45th day.

DISCUSSION

Competitive interactions between viruses and bacteria in

microbiota of respiratory ways influence over the types which
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can colonize mucous membranes and potentially contribute to

the development of the infection of upper and lower
respiratory ways [11]. According to the literature data the
frequency and load of acute respiratory infections are
associated with an abundant growth of pneumococcus in the
nasopharynx of patients. Colonization of mucous membranes of
upper respiratory ways by Streptococcus pneumoniae can
increase replication of respiratory syncytial virus (RSV), and in
this connection there are suggestions about a more severe
course of RSV-infection in patients [12,13]. The results of Fan
R.R. et al. demonstrate a dynamic change of pneumococcus
density before, during and after the cases of respiratory
infections in children of early age. There was observed a
gradual increase of pneumococcus density leading to a case of
respiratory infection with the most abundant growth at the
peak of the disease and a decrease in density during the
recovery. The received data once more illustrate an important
role of pneumococcus in the pathogenesis of respiratory
infections [14]. Estrada J. et al. described in their study a
clinical efficiency of PPV-23 in the form of decrease of
frequency of respiratory infections in 96% of the vaccinated
ones [15]. Thus, the results received by us correlate with the
literature data and prove the importance of vaccinal
prevention of pneumococcus infection including the decrease of
frequency of respiratory infections in children.

CONCLUSIONS

1. Vaccination by PPV-23 is clinically safe. The
frequency of the development of unfavourable manifestations
did not exceed the one specified in the recommendations for
vaccines. In 77.1% of patients there were not registered any
unfavourable manifestations.

2. Vaccination by PPV-23 is imminologically safe and
has a nonspecific positive effect in the form of IgG increase by
the 14-45th days of the vaccination.

3. Vaccination by PPV-23 contributes to the decrease in
frequency of respiratory infections, otitis media, and
pneumonia by 2.1-2.5 times in paedriatic patients infected by
M. tuberculosis.

4. During the observation within 12 months after the
vaccination there was no any deterioration of tuberculosis

infection course.

Vaccination of Children with Tuberculosis Infection by Pneumococcal Polysaccharide 23-Valent Vaccine. SL Vaccines And

Vaccination Journal. 2022; 3(1):119.

LITERATURE



CONFLICT OF INTEREST
The authors declare that they have no competing interests.

ACKNOWLEDGEMENT

Dovgaljuk Irina Fedorovna - MD, Professor, leading researcher,
head of the department 'Phthisiopediatri'of Saint-Petersburg
State Research Institute of Phthisiopulmonology of the Ministry
of Healthcare of the Russian Federation.

Jakunova Ol'ga Aleksandrovna — Head of the immunological
laboratory of Saint-Petersburg State Research Institute of
Phthisiopulmonology of the Ministry of Healthcare of the
Russian Federation.

Murina Elena Aleksandrovna — Doctor of biological Sciences,
Professor, head of the Department of Virology and molecular
biological research methods of Pediatric Research and Clinical
Center for Infectious Diseases (Saint Petersburg, Russia).
Kvetnaja Asja Stepanovna — MD, Professor, leading researcher
of the Department of molecular Microbiology and medical
epidemiology of Pediatric Research and Clinical Center for
Infectious Diseases (Saint Petersburg, Russia).

Dajneko Marija Jur'evna — Senior lecturer of the Department of
foreign languages with courses in Russian and Latin of Federal
State budgetary Educational Institution of Higher Education
«Saint Petersburg State Pediatric Medical University» of the
Ministry of Healthcare of the Russian Federation.

REFERENCES

1. Bonnave C, Mertens D, Peetermans W, Cobbaert K,
(2019).

Ghesquiere B, et al Adult vaccination for

pneumococcal disease: a comparison of the national
guidelines in Europe //European Journal of Clinical
Microbiology & Infectious Diseases. 38: 785-791.

2. World Health Organization. (2014). Guidance for
national tuberculosis programmes on the management of
tuberculosis in children. — World Health Organization.

3. Helen E Jenkins, Courtney M Yuen, Carly A Rodriguez,
Ruvandhi R Nathavitharana, Megan M Mclaughlin, et al.
(2017). Mortality in children diagnosed with tuberculosis: a

//The

systematic review and meta-analysis Lancet
Infectious Diseases. 17: 285-295.
4. On the state of sanitary and epidemiological welfare of

the population in the Russian Federation in 2019: State

10.

11.

12.

LITERATURE

report.-M.: Federal service for supervision of consumer
rights protection and human welfare.

Samuel M Behar, Stephen M Carpenter, Matthew G Booty,
L Barber, (2014).

Daniel Pushpa Jayaraman, et al.

Orchestration of pulmonary T cell immunity during
Mycobacterium tuberculosis infection: immunity interruptus
//Seminars in immunology. — Academic Press. 26: 559-
577.

Philips JA, Ernst JD. (2012). Tuberculosis pathogenesis and
immunity //Annual Review of Pathology: Mechanisms of
Disease. T. 7: 353-384.

Derrick SC, Idalia M Yabe, Amy Yang, Sheldon L Morris.
(2011). Vaccine-induced  anti-tuberculosis  protective
immunity in mice correlates with the magnitude and quality
of multifunctional CD4 T cells //Vaccine. 16: 2902-2909.
Platonova TA, Koltunova ES, Golubkova AA, Zhilyaeva 1V,
Abdulvalievai VV. (2018). Practical issues of vaccination of
children in polyclinic settings (based on expert evaluation
of vaccination in indicator groups) //Pacific medical
journal.

Lane S, MacDonald NE, Marti M, Dumolard L. (2018).
Vaccine hesitancy around the globe: Analysis of three
years of WHO /UNICEF Joint Reporting Form data-2015-
2017 // Vaccine. 36: 3861-3867.
Starshinova A, Viacheslav Zhuravlev, Irina Dovgaluk,
Alexandr Panteleev, Vera Manina, et al. (2018). A

Comparison of intradermal test with recombinant
tuberculosis allergen (diaskintest) with other immunologic
tests in the diagnosis of tuberculosis infection
//International journal of mycobacteriology. 1: 32-39.
Melinda M Pettigrew, Janneane F Gent, Yong Kong,
Martina  Wade, Shane Gansebom, et al. (2016).
Association of sputum microbiota profiles with severity of
community-acquired  pneumonia in children //BMC
infectious diseases. 1: 317.

Marloes Vissers, Inge M Ahout, Corné H van den Kieboom,
Christa E van der Gaast de Jongh, Laszlo Groh, et al.
(2016). High pneumococcal density correlates with more
mucosal inflammation and reduced respiratory syncytial
virus disease severity in infants //BMC infectious diseases.

T.16:1-8.

Vaccination of Children with Tuberculosis Infection by Pneumococcal Polysaccharide 23-Valent Vaccine. SL Vaccines And

Vaccination Journal. 2022; 3(1):119.

LITERATURE


https://pubmed.ncbi.nlm.nih.gov/30778705/
https://pubmed.ncbi.nlm.nih.gov/30778705/
https://pubmed.ncbi.nlm.nih.gov/30778705/
https://pubmed.ncbi.nlm.nih.gov/30778705/
https://pubmed.ncbi.nlm.nih.gov/30778705/
https://www.ncbi.nlm.nih.gov/books/NBK214448/
https://www.ncbi.nlm.nih.gov/books/NBK214448/
https://www.ncbi.nlm.nih.gov/books/NBK214448/
https://pubmed.ncbi.nlm.nih.gov/27964822/
https://pubmed.ncbi.nlm.nih.gov/27964822/
https://pubmed.ncbi.nlm.nih.gov/27964822/
https://pubmed.ncbi.nlm.nih.gov/27964822/
https://pubmed.ncbi.nlm.nih.gov/27964822/
https://www.rospotrebnadzor.ru/upload/iblock/8e4/gosdoklad-za-2019_seb_29_05.pdf
https://www.rospotrebnadzor.ru/upload/iblock/8e4/gosdoklad-za-2019_seb_29_05.pdf
https://www.rospotrebnadzor.ru/upload/iblock/8e4/gosdoklad-za-2019_seb_29_05.pdf
https://www.rospotrebnadzor.ru/upload/iblock/8e4/gosdoklad-za-2019_seb_29_05.pdf
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4250436/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4250436/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4250436/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4250436/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4250436/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4250436/
https://www.annualreviews.org/doi/abs/10.1146/annurev-pathol-011811-132458
https://www.annualreviews.org/doi/abs/10.1146/annurev-pathol-011811-132458
https://www.annualreviews.org/doi/abs/10.1146/annurev-pathol-011811-132458
https://pubmed.ncbi.nlm.nih.gov/21338678/
https://pubmed.ncbi.nlm.nih.gov/21338678/
https://pubmed.ncbi.nlm.nih.gov/21338678/
https://pubmed.ncbi.nlm.nih.gov/21338678/
https://www.tmj-vgmu.ru/jour/article/view/254?locale=en_US
https://www.tmj-vgmu.ru/jour/article/view/254?locale=en_US
https://www.tmj-vgmu.ru/jour/article/view/254?locale=en_US
https://www.tmj-vgmu.ru/jour/article/view/254?locale=en_US
https://www.tmj-vgmu.ru/jour/article/view/254?locale=en_US
https://pubmed.ncbi.nlm.nih.gov/29605516/
https://pubmed.ncbi.nlm.nih.gov/29605516/
https://pubmed.ncbi.nlm.nih.gov/29605516/
https://pubmed.ncbi.nlm.nih.gov/29605516/
https://pubmed.ncbi.nlm.nih.gov/29516883/
https://pubmed.ncbi.nlm.nih.gov/29516883/
https://pubmed.ncbi.nlm.nih.gov/29516883/
https://pubmed.ncbi.nlm.nih.gov/29516883/
https://pubmed.ncbi.nlm.nih.gov/29516883/
https://pubmed.ncbi.nlm.nih.gov/29516883/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4939047/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4939047/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4939047/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4939047/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4939047/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4794819/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4794819/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4794819/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4794819/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4794819/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4794819/

SL Vaccines And Vaccination Journal

S LITERATURE

13. Tien Nguyen D, Rogier Louwen, Karin Elberse, Geert van 15. Estrada J, Maria Najera, Natalie Pounds, Gabriel Catano,
Amerongen, Selma Yiksel, et al. (2015). Streptococcus Anthony J Infante. (2016). Clinical and serologic response
pneumoniae enhances human respiratory syncytial virus to the 23-valent polysaccharide pneumococcal vaccine in
infection in vitro and in vivo //PLoS One. 5: €0127098. children and teens with recurrent upper respiratory tract

14. Roger R Fan, Leigh M Howard, Marie R Griffin, Kathryn M infections and selective antibody deficiency //The

Edwards, Yuwei Zhu, et al. (2016). Nasopharyngeal

Pediatric infectious disease journal. 2: 205-208.

pneumococcal density and evolution of acute respiratory
illnesses in young children, Peru, 2009—2011 //Emerging

infectious diseases.

Vaccination of Children with Tuberculosis Infection by Pneumococcal Polysaccharide 23-Valent Vaccine. SL Vaccines And

Vaccination Journal. 2022; 3(1):119. D LI"VIV"ERA"FU RE


https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4430531/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4430531/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4430531/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4430531/
https://wwwnc.cdc.gov/eid/article/22/11/16-0902_article
https://wwwnc.cdc.gov/eid/article/22/11/16-0902_article
https://wwwnc.cdc.gov/eid/article/22/11/16-0902_article
https://wwwnc.cdc.gov/eid/article/22/11/16-0902_article
https://wwwnc.cdc.gov/eid/article/22/11/16-0902_article
https://pubmed.ncbi.nlm.nih.gov/26517331/
https://pubmed.ncbi.nlm.nih.gov/26517331/
https://pubmed.ncbi.nlm.nih.gov/26517331/
https://pubmed.ncbi.nlm.nih.gov/26517331/
https://pubmed.ncbi.nlm.nih.gov/26517331/
https://pubmed.ncbi.nlm.nih.gov/26517331/

