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Early studies on vaccination of children with oncological diseases were only dedicated to the assessment of safety and immunogenicity of the drug. Mechanisms of the post-vaccination immune response were not investigated. This study involved 41 patients aged 7-15 years who were treated for solid tumors two or more years ago. Of these, 26 were vaccinated against diphtheria and tetanus with ADS-m toxoid. Fifteen children (i.e., controls) were not vaccinated. The vaccination tolerability and clinical characteristics of the underlying disease remission ware assessed. Lymphocyte subpopulations were investigated over time by flow cytometry at 1, 6, and 12 months. IgG anti-diphtheria and anti-tetanus toxoids levels were assessed by ELISA. Within the first day of the post-vaccination period, two (7.7%) children demonstrated moderate local reactions and increased body temperature (up to 38.0°C). Relapse and metastasis were not mentioned within a year after immunization. An increase in concentration of IgG antibodies, maintained for 12 months, were noted [2.1 (1.3-3.4) IU/ml against diphtheria (p <0.001), 6.4 (2.3-9.7) IU/ml against tetanus (p <0.001)]. In contrast to healthy children, those with a history of cancer demonstrated a decrease in the relative number of mature T lymphocytes, as well as in absolute number of cytotoxic T cells and B lymphocytes. In a month after the revaccination, a significant increase in absolute (p = 0.04) and relative (p = 0.007) numbers of T lymphocytes and T helpers was revealed. In a year, these values decreased to baseline levels. As for helpers, they decreased below baseline and control values (p = 0.004). In a year after the vaccination, there was a significant (p = 0.05) increase in lymphocyte level with a decrease in the number of NK cells and B cells as compared with controls. Revaccination against diphtheria and tetanus promoted proliferation of a total lymphocytic cell pool along with restoration of the T lymphocyte subpopulation in children with a history of solid tumors. The ADS-m toxoid has a certain nonspecific immunomodulatory effect. These findings are important, also in the midst of the coronavirus pandemic.
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Introduction

After more than 200 years of development and application, vaccination has been recognized as the most efficient and mandatory measure to combat infections. In studies focused, mainly, on specific antibody formation and their level of maintenance duration, clinical tolerability, and epidemiological effects of the vaccination, other immune mechanisms that occur in a vaccinated individual upon administration of an immunobiological drug remain undisclosed. The fact that such changes in immune response exist indisputably is evidenced not only by synthesis of post-vaccination antibodies, but also by positive clinical effects in vaccinated patients [including a decreased incidence of secondary non-vaccine preventable infections, as well as longer remission in patients with concomitant chronic diseases (1–4)].

All of the abovementioned facts mean that development of approaches to model the number and quality of T cells before, during, and after various treatments is of interest (5).

Currently, a relationship of immune stimulation with administered heterologous vaccines (for example, ones against measles and BCG) is mentioned. Immunization enhances the body’s response to other pathogens that are not contained in the vaccine. In turn, this leads to decreased child mortality (6). While a nonspecific effect of many vaccines against influenza, pneumococcal infection, measles, and tuberculosis has been reported, a similar effect of diphtheria and tetanus vaccines is understudied.

The study objective was to investigate an immunoregulatory effect of vaccination with diphtheria and tetanus toxoids on adaptive immunity parameters in children with a history of solid tumors.



Materials


Clinical Study Design

The main aims of the study were to evaluate an effect of a vaccine against diphtheria and tetanus on regeneration of T lymphocytes in 26 patients with solid tumors treated two or more years ago, to assess an ability to form specific antibodies and to characterize clinical tolerability of the vaccination in the light of local and systemic reactions at an early date (1-30 days). Secondary tasks were to investigate parameters of adaptive immunity over time along with assessment of the lymphocyte subpopulation and levels of serum antitoxic antibodies against diphtheria and tetanus within 6-12 months, as well as to study the duration of the underlying disease remission after vaccine administration.

The study included a control group of 15 children with a history of solid tumors who did not receive vaccination against diphtheria and tetanus during remission. Clinical aspects of remission and subpopulation of lymphocytes were assessed over time.

A phase IV (post-marketing) non-randomized controlled study was conducted in two centers in Moscow (Russia). The protocol was approved by the local Ethics Committee of the Federal State Budgetary Institution Blokhin National Medical Research Center of Oncology of the Ministry of Healthcare of the Russian Federation. The study was carried out in accordance with the Declaration of Helsinki, the Guidelines of the International Council for Harmonization for Good Clinical Practice and Russian regulations. Written informed consent was obtained from parents before enrollment of their children in the study.



Clinical Laboratory Examination

Children of the main group who were to be immunized and controls underwent a comprehensive examination in the Research Institute of Children Oncology and Hematology Federal State Budgetary Institution Blokhin National Medical Research Center of Oncology of the Ministry of Healthcare of the Russian Federation. The examination included examination by a pediatric oncologist; US of abdominal organs and retroperitoneal space (according to CT/MRI); computed tomography of chest organs; radioisotopic test (if medically required); investigation of biological tumor marker levels (NCE - neuron-specific enolase, AFP - alpha fetoprotein, hCG - human chorionic gonadotropin, etc.); blood chemistry; general blood test with platelet level investigation; determination of a number of lymphocytes and their subpopulations, as well as post-vaccination levels of antibodies against diphtheria and tetanus.

Twenty-six children without relapse and metastasis signs were recommended to receive a vaccination against diphtheria and tetanus.



Vaccinated Children Follow-up

The vaccinated children underwent an in-depth clinical observation by a pediatric oncologist for 12 months and more. It included a comprehensive examination of the underlying disease; investigation of immune status and serological examination to detect antitoxic antibodies against diphtheria and tetanus at 1, 6, 12 and more months after the vaccination. Controls (i.e., unvaccinated children) underwent the same comprehensive examination of the underlying disease at the same time (with the exception of a reading of the level of post-vaccination antibodies).

Blood sampling and vaccination was carried out in compliance with all the aseptic and antiseptic regulations using disposable instruments and sterile test tubes in a treatment room of the Research Institute of Children Oncology and Hematology Federal State Budgetary Institution Blokhin National Medical Research Center of Oncology of the Ministry of Healthcare of the Russian Federation and the Federal State Budgetary Scientific Institution Mechnikov Research Institute of Vaccines and Sera.



Disease History and Status

According to Table 1, most children (17 [41%]) suffered from nephroblastoma. Neuroblastoma and soft tissue sarcoma was diagnosed in 5 (12%) and 7 (17%) patients, respectively. Germ cell tumors were mentioned in 4 (10%) children, and 8 children (20%) had other oncological nosological forms (retinoblastoma - 2, osteosarcoma - 2, melanoma - 2, hepatoblastoma - 1, Hodgkin’s lymphoma - 1). According to the distribution of patients by nosological forms, the study groups were comparable (p = 0.98).


Table 1 | Nosological forms of diseases in revaccinated children (n = 26) and controls without revaccination (n = 15).





Vaccinal Status

Revaccination with the ADS-M toxoid was carried out in 26 children during remission (>2 years). Patients already had a history of 2-3 vaccinations against diphtheria, tetanus, and pertussis before the onset of an oncological disease. Children (16 boys [61%] and 10 girls [39%]) were aged 7-15 years (11 ± 2.4 years).

Controls (n = 15) also had a history of an incomplete primary course of vaccination against diphtheria, tetanus, and pertussis. Later, during remission (>2 years), they were not revaccinated due to a possible adverse effect of the immunization on carcinoma recurrence. Children (10 boys [67%] and 5 girls [33%]) were aged 7-15 years (10 ± 2.9 years).

Revaccinated children and controls had comparable age (p = 0.49) and gender distribution (p = 0.74).



Vaccine

To immunize children, a national drug (i.e., a purified adsorbed diphtheria-tetanus toxoid with a reduced antigen level [ADS-m toxoid]) produced by Biomed JSC named for I. I. Mechnikov (Russia) was used. The vaccination dose (0.5 ml) contained 5 flocculating units (LF) of diphtheria and 5 antitoxin-binding units (EC) of tetanus toxoid. Children were not revaccinated against pertussis, since combined vaccines with an acellular pertussis component have not been registered in our country. Moreover, a DTaP vaccine containing a whole cell component is indicated only for children under 4 years old in Russia.

Children were revaccinated with the ADS-m toxoid (0.5 ml, i/m, into the shoulder deltoid) once.



Exclusion Criteria

Children received a full primary course of vaccination and revaccination (4 doses of any vaccines against diphtheria, tetanus, or in combination with pertussis before the diagnosis); children vaccinated against diphtheria, tetanus, or pertussis within the last 2 years after a carcinoma treatment; allergy or hypersensitivity to any vaccine component including previous reactions to the vaccine; acute respiratory diseases within the last 2 months; daily intake of oral nonsteroidal anti-inflammatory drugs; administration of blood products or immunoglobulins within the last 3 months; immunodeficiencies, metastasis, neoplasms within the last 2 years after the treatment; or neurological disorders.




Methods


Clinical Safety of the Vaccination

Drug safety was assessed by individual examination and questioning of all the vaccinated patients, as well as recording of local and systemic reactions to the ADS-m toxoid within 14 days and 1 month after the vaccination.



Isolation of Leukocytes

Peripheral blood mononuclear leukocytes (PBMLs) were isolated from whole blood in a ficoll-urografin density gradient [106 cells per 1 ml of RPMI-1640 medium (PanEko, Russia)].



Subpopulation of Lymphocytes

Subpopulations of peripheral blood lymphocytes were investigated in vitro by flow cytometry with Cytomix FC-500 (Beckman Coulter, USA) using monoclonal antibodies (mAbs) to CD3-FITC/CD16/56-PE, CD45-FITC/CD3-ECD/CD20-PE, CD45-FITC/CD3-PE/CD4-PC5, and CD45-FITC/CD3-PE/CD8-PC5 (Immunotech, France). As a comparison, we used pediatric age-specific standards obtained in the clinical and immunological laboratory of the Research Institute of Children Oncology and Hematology Federal State Budgetary Institution Blokhin National Medical Research Center of Oncology of the Ministry of Healthcare of the Russian Federation and the Federal State Budgetary Institution State Scientific Center Institute of Immunology of the FMBA of the Russian Federation.



Determination of Diphtheria and Tetanus Toxoid IgG Concentrations

The serum level of specific antibodies to diphtheria and tetanus was investigated by enzyme-linked immunosorbent assay (ELISA) using commercial kits designed as assays for IgG antibodies (Euroimmun AG, Germany) (anti-diphtheria toxoid (Anti-Diphtheria Toxoid ELISA, IgG) and anti-tetanus toxoid (Anti-Tetanus toxoid ELISA, IgG). According to the manufacturer’s instructions, reference values of anti-diphtheria immunity were as follows: <0.1 IU/ml - negative; 0.1-1.0 - short-term protection, boosting is required; > 1.0 - positive. As for anti-tetanus immunity, reference values were as follows: <0.01 IU/ml - negative; 0.01-0.1 - doubtful; 0.1-0.5 - short-term protection, boosting is required; > 0.5 - positive.



Statistical Methods

The data check for compliance with the normal distribution law (Shapiro-Wilk test) showed that distribution of most of the investigated parameters was different from the normal one. Descriptive statistics of absolute and percentage of certain lymphocyte types were presented by the median and interquartile range [Me(Q1-Q3)]. Descriptive statistics of the level of IgG antibodies were presented by the geometric mean and 95% confidence interval [GMC (95% CI)]. The analysis of repeated measurements of quantitative parameters at control points of the study was carried out with Friedman’s nonparametric one-way analysis of variance for linked samples. Multiple post-hoc comparisons of the values with the pre-revaccination level at the control points were performed with the Demsar method. Quantitative indicators of the study groups were compared with the Mann-Whitney test. The median value was compared with the normal range with the Wilcoxon signed rank test. Qualitative nominal indicators of independent samples were compared with the Pearson Chi-square test during an analysis of contingency tables. Differences were considered statistically significant at p ≤ 0.05. All the calculations were performed in the free R statistical environment (v.3.6, GNU GPL2 license).




Results


Post-Vaccination Clinical Course

Twenty-six children were revaccinated with the ADS-m toxoid. Early (<30 days) and late (<12 months) post-vaccination periods were uneventful in most children. During the early post-vaccination period, two (7.7%) children showed vaccination reactions (hyperemia [>5 cm] in the injection site for 3-4 days; an increased body temperature to 38.0°C on the first day).

At 6.5 months after the immunization, one child underwent a surgical intervention to manage adhesive intestinal obstruction. At 10 months after the vaccination, an increase in blood pressure of unknown origin was detected in one child. At 1.5 years after the immunization, a post-surgical disturbance of intestinal motility associated with fecal impaction in the large intestine was mentioned in one girl. After treatment by a neuropsychiatrist, the child’s condition improved. No abnormal events in these children can be attributed to late reactions to the immunization.

It is noteworthy that a follow-up examination including an oncological examination, as well as additional tests in accordance with a nosological form of the neoplastic process did not reveal any signs of recurrence and metastasis both in revaccinated children and controls without revaccination within a year after the immunization.



Post-Vaccination Antibody Level

See the level of IgG antibodies against diphtheria and tetanus (ELISA) in Figure 1.




Figure 1 | Dynamics of IgG antibodies against diphtheria and tetanus during revaccination with ADS-m toxoid (n = 26). Geometric mean concentrations and their 95% confidence interval (GMC [95% CI]). **p < 0.001 - differences from the pre-revaccination value (we used the post-hoc Demsar test with a statistically significant Friedman omnibus test).



Revaccination resulted in statistically significant changes in concentration of IgG antibodies against diphtheria (p <0.001) and tetanus (p <0.001). At a month after the revaccination, the geometric mean concentration of IgG antibodies against diphtheria increased from 0.02 [0.003-0.044] IU/ml to 7.8 [4.9-12.5] IU/ml (p <0.001), and the value against tetanus increased from 0.59 [0.41-0.74] IU/ml to 11.8 [5.4-20.0] IU/ml (p <0.001). At 6 months after the revaccination, the IgG antibody level was lower than in 1 month after it. However, their geometric mean concentration remained statistically significantly higher than before the revaccination [2.9 (1.4-5.3) IU/ml - antibodies against diphtheria (p <0.001), and 8.2 (4.8-14.1) IU/ml - antibodies against tetanus (p <0.001)]. At 12 months after the revaccination, the IgG antibody level remained statistically significantly higher than before the revaccination. The geometric mean concentration was 2.1 [1.3-3.4] IU/ml (antibodies against diphtheria) (p <0.001) and 6.4 [2.3- 9.7] IU/ml (antibodies against tetanus) (p <0.001).



Subpopulation of Lymphocytes During the Revaccination

Table 2 illustrates lymphocyte alterations detected in 41 children (26 revaccinated ones and 15 controls) with a history of solid tumors as compared to healthy controls.


Table 2 | Comparative characteristics of peripheral blood lymphocyte subpopulations in children with a history of solid tumors and healthy ones aged 7-15 years.



As compared to the normal range, the group of children with a history of solid tumors demonstrated a statistically significant increase in the number of leukocytes, natural killer cells (absolute and relative values), and immunoregulatory index (IRI). At the same time, absolute and relative numbers of lymphocytes, cytotoxic T lymphocytes, and B cells, as well as the relative number of T lymphocytes were statistically significantly lower than normal ones. These patterns were similar for both the revaccinated and not revaccinated children. These groups did not differ from each other before the revaccination.

The analysis of subpopulations of peripheral blood lymphocytes in children with a history of solid tumors not revaccinated with the ADS-m toxoid (n = 15) (control group) did not reveal any significant in-examination differences in comparison with the baseline values. This means that the cell pool did not recover in unvaccinated persons over time (follow-up period was 12 months). At the same time, vaccinated patients showed a statistically significant change in the number of parameters, as compared with the baseline, at the control points.

The post-revaccination absolute number of lymphocytes (Figure 2A) tended to increase without statistically significant differences (p = 0.38) [i.e., from 2,490 (1,908-3,119) to 2,978 (2,245-3,809)] after 12 months. Along with this, post-revaccination lymphocyte percentage significantly changed (p = 0.03) increasing from 32 (26.5-37)% to 39 (31.5-44)% after 12 months (p = 0.02). As a result of the growth, lymphocyte percentage in revaccinated children became statistically significantly higher than in controls (p = 0.05) at 12 months after the vaccination.




Figure 2A | Peripheral blood lymphocyte level dynamics in children with a history of solid tumors in the study group (after revaccination with the ADS-m toxoid, n = 26) and the control group (n = 15), the median and the interquartile range are shown [Me (Q1-Q3)]. *statistically significantly different from the pre-vaccination value (p ≤ 0.05). To analyze alterations, the post-hoc Demsar test was used with a statistically significant Friedman omnibus test. Study groups were compared with the Mann-Whitney test.



At one month after the revaccination, further analysis of the lymphocyte pool (Figure 2B) revealed a statistically significant increase in the absolute and relative number of T lymphocytes (CD45/CD3+) (p = 0.04 and p = 0.007, respectively) with a further decrease to the baseline in revaccinated patients.




Figure 2B | Peripheral blood T lymphocyte (CD45/СD3+, CD45/CD3/СD4+) level dynamics in children with a history of solid tumors in the study group (after the revaccination with the ADS-m toxoid, n = 26) and the control group (n = 15), the median and the interquartile range are shown [Me (Q1-Q3)]. *statistically significantly different from the pre-vaccination value (p ≤ 0.05). To analyze alterations, the post-hoc Demsar test was used with a statistically significant Friedman omnibus test. Study groups were compared with the Mann-Whitney test.



As for T helpers (CD45/CD3/CD4+), the pattern was as follows. Within the first month after the vaccination, their level significantly [p = 0.04 (abs) and p = 0.02 (%)] increased [48 (39-54)%] as compared with the baseline [41 (34-47)%]. After 6 months, it returned [39 (31-46)%] to the baseline value. After 12 months, it was lower than the baseline (p = 0.004). As a result of the decrease, the relative number of T helpers in revaccinated patients became statistically significantly lower than in controls (p = 0.04) (35 (29-41)% vs. 40 (35-53)%) at 12 months after the vaccination.

In addition, the revaccination with the ADS-m toxoid led to a statistically significant change in absolute and relative numbers of NK cells (CD16/56+) (p = 0.009 and p <0.001, respectively) and B cells (CD45/CD20+) (respectively, p = 0.005 and p <0.001) (Figure 2C). At 12 months after the revaccination, a statistically significant decrease in absolute number of NK cells (CD16/56+) (p = 0.006; from 328 (249-416) to 207 (97-260)) and B cells (CD45/CD20+) [p = 0.05; from 257 (213-299) to 219 (115.5-260)] was detected. Relative number of NK cells (CD16/56+) and B cells (CD45/CD20+) decreased from 14.5 (12-17)% to 8.5 (5.5-12)% (p <0.001), and from 10 (7-12)% to 6 (4-8.5)% (p <0.001), respectively. It should be noted that a decreased level of NK cells was observed throughout the post-vaccination period. In relative terms, a statistically significant decrease was noted already at 1 month after the revaccination (p = 0.01), in absolute terms, it was detected in 6 months (p = 0.03). As a result of the decrease, NK cell level in revaccinated patients became lower than control values at 1 month (relative number) and 6 months (absolute number) after the vaccination.




Figure 2C | Peripheral blood NK cell (CD16/56+) and B cell (CD45/CD20+) level dynamics in children with a history of solid tumors in the study group (after the revaccination with the ADS-m toxoid, n = 26) and the control group (n = 15), the median and the interquartile range are shown [Me (Q1-Q3)]. *statistically significantly different from the pre-vaccination value (p ≤ 0.05). To analyze alterations, the post-hoc Demsar test was used with a statistically significant Friedman omnibus test. Study groups were compared with the Mann-Whitney test.



The most intense decrease in B cells (CD45/CD20+) followed by stabilization of the value below the baseline was observed at 1 month after the revaccination (p <0.001 [abs] and p = 0.002 [%]). The difference between the revaccinated and the control group was evident even 1 month after the vaccination, and it persisted for ≤12 months.




Discussion

In the present paper, it was of interest to study the effect of vaccines against diphtheria and tetanus on immune response formation in children with prior malignant neoplasms during prolonged (more than 2 years) remission.

There is a certain approach to immunizing children with a history of oncological diseases who receive specific antineoplastic treatment. It lies in the fact that inactivated polysaccharide vaccines and toxoids should be administered at ≥3 months after therapy withdrawal (7).

Our results indicate that the post-vaccination period is favorable in such children. We did not notice any strong or unusual reactions to the ADS-M vaccine. It should be noted that children underwent a medical checkup by an oncologist, as well as a number of clinical, laboratory, and instrumental tests before the vaccination. Within a year (i.e., a follow-up period), the vaccinated children showed no signs of recurrent underlying disease or metastasis. Thus, the study confirms the safety data of diphtheria and tetanus vaccine prophylaxis in children with a history of solid tumors during prolonged remission.

It is known that immunization must not cause pronounced changes in the functional activity of a child’s immune system beyond physiological reaction limits. The comparative analysis showed that, in contrast to healthy children, those with a history of cancer demonstrated cellular immunity deviations. In general, they represented a decrease in the relative number of mature T lymphocytes, as well as the absolute and relative number of cytotoxic T cells and B lymphocytes. Lack of T cell immunity can be induced by a prior neoplastic process and therapeutic interventions representing a stress factor for hematopoietic cells (for example, chemotherapy, radiation therapy, infection, and transplantation). In such cases, outcomes depend on the immune system’s restoration degree (especially, T lymphocytes) (8). It is not inconceivable that an immune deficiency background could be a tumorigenic factor.

It was shown that, despite a decrease in the number of B lymphocytes at a month after the revaccination with the ADS-m toxoid, their functional activity was preserved providing protective levels of antibodies against diphtheria and tetanus. Perhaps a decreased number of B lymphocytes is associated with their pool depletion after the antigenic load. A number of other alterations (i.e., an increase in the absolute and relative number of mature T lymphocytes and T helpers at 1 month after the revaccination) were transient and reversible. The parameter values recovered after 6-12 months. A persistent cryptogenic decrease in the absolute and relative numbers of natural killer cells was reported in 1, 6, and 12 months after the revaccination. Probably, the event can result from extreme susceptibility of young regenerating cells to homeostatic alterations induced by microbial and viral antigens, and these cells may become apoptotic more often than mature immunocytes. It should be noted that the dynamics of relative values were more significant than in absolute values. In this regard, we suggest that evaluation of cellular immunity parameter alterations should be focused on their relative values.

The ability of T cells to proliferate, to accumulate, and to maintain an efficient response to a wide range of antigens depends on a repertoire of unique T cell receptors (TCR) produced by the thymus during the development of T lymphocytes. The process depends on cross-interactions between bone marrow precursors of T cells supporting the microenvironment of the thymic stroma which, mainly, consists of epithelial, endothelial, and mesenchymal stromal cells, as well as dendritic cells and macrophages (8–10). Nevertheless, for example, IL-7- and IL-15-driven T cell proliferation induced by lymphopenia can promote the numerical recovery of T cells. Impaired quantitative and functional recovery of T cells (in particular, CD4+ T lymphocytes (11–14) was directly associated with an increased risk of opportunistic infections (12, 15, 16), relapses (17), and overall unfavorable clinical outcomes (18, 19).

In contrast to the relatively early recovery of innate immunity cells, hematopoietic stem cell recipients and patients with solid tumors have a long-term deficiency of T lymphocytes and B cells whose full recovery can take more than 2 years (8). In our paper, the revaccination against diphtheria and tetanus, in general, promoted proliferation of the total lymphocytic cell pool along with restoration of T lymphocyte subpopulations in children with a history of solid tumors. It can be assumed that the vaccination had a certain nonspecific immunomodulatory effect because the vaccine against diphtheria and tetanus includes toxoids of the same bacteria, which can target polarization of the immune response along the Th-1 pathway. At the same time, it is necessary to consider adjuvant properties of aluminum compounds (i.e., ADS-m ingredients) which are mediated by several mechanisms such as depot effect, stimulation of antigen (AG) phagocytosis, activation and maturation of antigen-presenting cells (APC), complement activation, and stimulation and differentiation of CD4+ T cells (20, 21).

A fundamentally important result of the study was the assessment of ADS-m immunogenicity (i.e., the ability of the immune system to develop specific immunity, to have a boosting effect,and to preserve specific antibodies for a long time during disease remission) in children with a history of solid tumors.

We noted that children who, mainly, did not complete a primary immunization course before a neoplastic diagnosis can maintain sufficient levels of specific antibodies against tetanus (0.59 IU/ml; reference values > 0.5 are positive), despite the disease and received antineoplastic treatment, for 2 or more years after the vaccination. However, several individuals may lose existing specific immunity. In our paper, this was noted in relation to anti-diphtheria antibodies that may be associated with intensive immunosuppressive therapy. Other authors obtained similar results (22). However, previous studies showed that it was safe to administer inactivated vaccines to such pediatric populations, and they responded to the vaccination as actively as healthy children (22–25). Revaccination of children with a drug containing reduced amounts of diphtheria (5 LF) and of the tetanus toxoid (5 EC) (ADS-m), despite a long interval from the moment of primary vaccination, led to intense specific antitoxic immunity against diphtheria. At 1 month after the revaccination, the geometric mean concentration of IgG antibodies increased from 0.02 IU/ml to 7.8 IU/ml (p <0.001), and the geometric mean concentration of IgG antibodies against tetanus increased from 0.59 IU/ml to 11.8 IU/ml (p <0.001). After 12 months, the value remained quite high. This indicates that children with a history of carcinoma maintain immunological memory for a long time, and they do not lose an ability to form specific immunity. Antibodies are produced, and a sufficiently high level persists for a long time.



Conclusion

During remission of solid tumors, children demonstrate a decrease in the number of T lymphocytes, cytotoxic T cells, and B lymphocytes. Revaccination with ADS-m toxoids led to a short-term increase in the number of T cells, and the number of CD4 + T cells after 12 months was still lower compared to those vaccinated. Despite the lack of dynamics in replenishing the B lymphocyte population, they retained a high potential to produce antibodies. Thus, it can be assumed that the vaccine has a specific effect against diphtheria and tetanus, as well as an immunomodulatory effect towards T cells. So, the immune response can be cell-mediated which is important to prevent both a homonymous infection and neoplastic recurrence, as well as to protect from viruses. The issue seems to be especially relevant during the SARS-CoV-2 pandemic.

Revaccination with the ADS-m toxoid is accompanied by production of antibodies against diphtheria and tetanus at high protective levels, and this does not cause disease recurrence and metastasis in children with a history of solid tumors during the follow-up period.



Data Availability Statement

The raw data supporting the conclusions of this article will be made available by the authors, without undue reservation.



Ethics Statement

The studies involving human participants were reviewed and approved by Ethics Committee of the Federal State Budgetary Institution Blokhin National Medical Research Center of Oncology of the Ministry of Healthcare of the Russian Federation. Written informed consent to participate in this study was provided by the participants’ legal guardian/next of kin.



Author Contributions

MK - head of the project, description of the results. NA - carrying out immunological research methods. SK - collection of biological materials, clinical characteristics of patients, observation of vaccinated patients. AV - statistical data processing. VP - vaccination and evaluation of the post-vaccination period. AK - review of recent research, design and translation of published materials. All authors contributed to the article and approved the submitted version.



Funding

The work (research and publication fees) was funded from the personal funds of the authors.



References

1. MP Kostinov ed. Vaccination of Children With Impaired Health. Guidelines for Doctors. 1st Vol. 78. Moscow: Medicine for everybody (1996). Russian.

2. MP Kostinov ed. New in Clinics, Diagnostics and Vaccine Prevention of Controlled Infections Vol. 110. Moscow: Medicine for everybody (1997). Russian.

3. Kostinov, MP, and Ozeretskovskiy, NA. Clinical-Immune Effectiveness of Immune Biological Medicinal Agents: Reference Book Vol. 256. Moscow: Miklosh (2004). Russian.

4. Chuchalin, AG, Belichenko, TI, Osipova, GL, Kurbatova, EA, Egorova, NB, and Kostinov, MP. Vaccine Prophylaxis of Respiratory Diseases in the Framework of Primary Health Care. Clin Guidelines Pulmonol Suppl (2015) 2:1–19. Russian.

5. Nixon, AB, Schalper, KA, Jacobs, I, Potluri, S, Wang, IM, and Fleener, C. Peripheral Immune-Based Biomarkers in Cancer Immunotherapy: Can We Realize Their Predictive Potential? J Immunother Cancer (2019) 7:325. doi: 10.1186/s40425-019-0799-2

6. Larenas-Linnemann, D, Rodríguez-Pérez, N, Arias-Cruz, A, Blandón-Vijil, MV, Del Río-Navarro, BE, Estrada-Cardona, A, et al. Enhancing Innate Immunity Against Virus in Times of COVID-19: Trying to Untangle Facts From Fictions. World Allergy Organ J (2020) 13:100476. doi: 10.1016/j.waojou.2020.100476

7. Rubin, LG, Levin, MJ, Ljungman, P, Davies, EG, Avery, R, Tomblyn, M, et al. 2013 IDSA Clinical Practice Guideline for Vaccination of the Immunocompromised Host. Clin Infect Dis (2014) 58:309–18. doi: 10.1093/cid/cit816

8. Velardi, E, Tsai, JJ, and van den Brink, MRM. T Cell Regeneration After Immunological Injury. Nat Rev Immunol (2020) 21:277–91. doi: 10.1038/s41577-020-00457-z

9. Takahama, Y. Journey Through the Thymus: Stromal Guides for T-Cell Development and Selection. Nat Rev Immunol (2006) 6:127–35. doi: 10.1038/nri1781

10. van Tilburg, CM, van Gent, R, Bierings, MB, Otto, SA, Sanders, EA, Nibbelke, EE, et al. Immune Reconstitution in Children Following Chemotherapy for Haematological Malignancies: A Long-Term Follow-Up. Br J Haematol (2011) 152:201–10. doi: 10.1111/j.1365-2141.2010.08478.x

11. Admiraal, R, Chiesa, R, Lindemans, CA, Nierkens, S, Bierings, MB, Versluijs, AB, et al. Leukemia-Free Survival in Myeloid Leukemia, But Not in Lymphoid Leukemia, Is Predicted by Early CD4+ Reconstitution Following Unrelated Cord Blood Transplantation in Children: A Multicenter Retrospective Cohort Analysis. Bone Marrow Transplant (2016) 51:1376–8. doi: 10.1038/bmt.2016.116

12. Small, TN, Papadopoulos, EB, Boulad, F, Black, P, Castro-Malaspina, H, Childs, BH, et al. Comparison of Immune Reconstitution After Unrelated and Related T-Cell-Depleted Bone Marrow Transplantation: Effect of Patient Age and Donor Leukocyte Infusions. Blood (1999) 93:467–80. doi: 10.1182/blood.V93.2.467

13. Goldberg, JD, Zheng, J, Ratan, R, Small, TN, Lai, KC, Boulad, F, et al. Early Recovery of T-Cell Function Predicts Improved Survival After T-Cell Depleted Allogeneic Transplant. Leuk Lymphoma (2017) 58:1859–71. doi: 10.1080/10428194.2016.1265113

14. Fedele, R, Martino, M, Garreffa, C, Messina, G, Console, G, Princi, D, et al. The Impact of Early CD4+ Lymphocyte Recovery on the Outcome of Patients Who Undergo Allogeneic Bone Marrow or Peripheral Blood Stem Cell Transplantation. Blood Transfus (2012) 10:174–80. doi: 10.2450/2012.0034-11

15. Storek, J, Gooley, T, Witherspoon, RP, Sullivan, KM, and Storb, R. Infectious Morbidity in Long-Term Survivors of Allogeneic Marrow Transplantation Is Associated With Low CD4 T Cell Counts. Am J Hematol (1997) 54:131–8. doi: 10.1002/(sici)1096-8652(199702)54:2<131::aid-ajh6>3.0.co;2-y

16. Remund, KF, Best, M, and Egan, JJ. Infections Relevant to Lung Transplantation. Proc Am Thorac Soc (2009) 6:94–100. doi: 10.1513/pats.200809-113GO

17. Powles, R, Singhal, S, Treleaven, J, Kulkarni, S, Horton, C, and Mehta, J. Identification of Patients Who may Benefit From Prophylactic Immunotherapy After Bone Marrow Transplantation for Acute Myeloid Leukemia on the Basis of Lymphocyte Recovery Early After Transplantation. Blood (1998) 91:3481–6. doi: 10.1182/blood.V91.9.3481

18. Le Blanc, K, Barrett, AJ, Schaffer, M, Hägglund, H, Ljungman, P, Ringdén, O, et al. Lymphocyte Recovery Is a Major Determinant of Outcome After Matched Unrelated Myeloablative Transplantation for Myelogenous. Malignancies. Biol Blood Marrow Transplant (2009) 15:1108–15. doi: 10.1016/j.bbmt.2009.05.015

19. Maury, S, Mary, JY, Rabian, C, Schwarzinger, M, Toubert, A, Scieux, C, et al. Prolonged Immune Deficiency Following Allogeneic Stem Cell Transplantation: Risk Factors and Complications in Adult Patients. Br J Haematol (2001) 115:630–41. doi: 10.1046/j.1365-2141.2001.03135.x

20. Awate, S, Babiuk, LA, and Mutwiri, G. Mechanisms of Action of Adjuvants. Front Immunol (2013) 4:114. doi: 10.3389/fimmu.2013.00114

21. Apostólico, JS, Lunardelli, VA, Coirada, FC, Boscardin, SB, and Rosa, DS. Adjuvants: Classification, Modus Operandi, and Licensing. J Immunol Res (2016) 2016:1459394. doi: 10.1155/2016/1459394

22. Ridgway, D, and Wolff, LJ. Active Immunization of Children With Leukemia and Other Malignancies. Leuk Lymphoma (1993) 9:177–92. doi: 10.3109/10428199309147369

23. Kung, FH, Orgel, HA, Wallace, WW, and Hamburger, RN. Antibody Production Following Immunization With Diphtheria and Tetanus Toxoids in Children Receiving Chemotherapy During Remission of Malignant Disease. Pediatrics (1984) 74:86–8.

24. MP Kostinov ed. Vaccination of Children With Impaired Health. Guidelines for Doctors. 4th. Moscow (Russia: 4Mpress (2013). p. 432.

25. Kwon, HJ, Lee, JW, Chung, NG, Cho, B, Kim, HK, and Kang, JH. Assessment of Serologic Immunity to Diphtheria-Tetanus-Pertussis After Treatment of Korean Pediatric Hematology and Oncology Patients. J Korean Med Sci (2012) 27:78–83. doi: 10.3346/jkms.2012.27.1.78



Conflict of Interest: The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.

Copyright © 2021 Kostinov, Akhmatova, Karpocheva, Vlasenko, Polishchuk and Kostinov. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.


OEBPS/Images/fimmu.2021.696816_cover.jpg
, frontiers
in Immunology

Vaccination Against Diphtheria and
Tetanus as a Way to Activate
Adaptive Immunity in Children
with Solid Tumors





OEBPS/Images/fimmu-12-696816-g003.jpg
21700 R 55
- +
£1500 %50
8 1300 Qs
= a
1100
2 %00 235
c 700 © 30
500 25
; F & &S
< & &
—®—Vaccination group ~-0--Controls —®—Vaccination group ==0--Controls
22400 = 80
2200 & 75
& a
8 2000 84
2 1800 i
2 1600 go
1400 o
1200 55
1000 50

S
4 & $
& & & o

—@—Vaccinationgroup  --O--Controls = —®—Vaccinationgroup  --O-- Controls





OEBPS/Text/toc.xhtml


  

    Table of Contents



    

		Cover



      		

        Vaccination Against Diphtheria and Tetanus as a Way to Activate Adaptive Immunity in Children with Solid Tumors

      

        		

          Introduction

        



        		

          Materials

        

          		

            Clinical Study Design

          



          		

            Clinical Laboratory Examination

          



          		

            Vaccinated Children Follow-up

          



          		

            Disease History and Status

          



          		

            Vaccinal Status

          



          		

            Vaccine

          



          		

            Exclusion Criteria

          



        



        



        		

          Methods

        

          		

            Clinical Safety of the Vaccination

          



          		

            Isolation of Leukocytes

          



          		

            Subpopulation of Lymphocytes

          



          		

            Determination of Diphtheria and Tetanus Toxoid IgG Concentrations

          



          		

            Statistical Methods

          



        



        



        		

          Results

        

          		

            Post-Vaccination Clinical Course

          



          		

            Post-Vaccination Antibody Level

          



          		

            Subpopulation of Lymphocytes During the Revaccination

          



        



        



        		

          Discussion

        



        		

          Conclusion

        



        		

          Data Availability Statement

        



        		

          Ethics Statement

        



        		

          Author Contributions

        



        		

          Funding

        



        		

          References

        



      



      



    



  



OEBPS/Images/crossmark.jpg
©

2

i

|





OEBPS/Images/table2.jpg
Parameters Healthy children (normal range) Patients’

Vaccine (N=26) Controls (N=15)

Leukocytes 6,000 (5,024-6,970) 8,014 (6,220-9,795) 8,588 (6,270-10,202)
Lymphocytes, % 39.5 (35-43) 32 (27-37) 33.5 (28-38)
Lymphocytes, abs. 3,500 (2,350-4,620) 2,490 (1,908-3,119) 2,544 (1,695-3,115)
T lymphocytes (CD45/CD3+), % 71 (65-78) 68 (60-74) 68 (64-71)

T lymphocytes (CD45/CD3+), abs. 1,700 (1,312-2,028) 1,682 (1,259-2,195) 1,682 (1,259-2,196)
T helpers (CD45/CD3/CDA4+), % 37 (32-41) 41 (34-47) 41 (34-54)

T helpers (CD45/CD3/CD4+), abs 900 (750-1,100) 1,049 (712-1268) 1,042 (849-1,313)
Cytotoxic T lymphocytes, (CD45/CD3/CD8+), % 31 (25-34) 25 (22-27) 24 (20-29)
Cytotoxic T lymphocytes, (CD45/CD3/CD8+), abs 750 (601-854) 612 (435-766) 615 (396-788)
Natural killer cells, NK cells (CD16/56+), % 12.5 (7-18) 14 (12-17) 15 (10-17)
Natural killer cells, NK cells (CD16/56+), abs 250 (210-316) 328.8 (249-416) 333 (266-406)

B cells (CD45/CD20+), % 12.5 (8-16) 10 (7-12) 10 (7-14)

B cells (CD45/CD20+), abs 400 (325-494) 267.7 (213-299) 262 (204-304)
CD4/CD8 IRI 1.25 (0.8-1.7) 1.7 (13-2.1) 1.6(1.3-2)

p° (including the
normal range)

Vaccine

p=0.001
<0.001
p<0.001

Controls

"medians and interquartile range: Me (Q1-QG3).
2patient groups were compared with the Mann-Whitney U-test.
3comparison with the normal range was carried out with the Wilcoxon signed rank test.





OEBPS/Images/fimmu-12-696816-g001.jpg
Diphtheria

cwornomwoTac

fr2za2

W1 ‘1%S6 PUe DN O3

2 — =

.{
I

SwosaowoTao

TW/NI ‘TD%S6 PUe DD O3]






OEBPS/Images/logo.jpg
’ frontiers
in Immunology





OEBPS/Images/fimmu-12-696816-g004.jpg
g 500 p=0.002 p<0.,001
& 400
2 300
a
© 200

100

0

s & & &
ol o

& & & \,‘(6‘°

—e—Vaccinationgroup  ~-0-- Controls

2 p<0,001 p=0,05 p=0,04
< 350 I“'!
&
8 300
S 250
a
g 200
150
100
¢
s é,é’ s &
& & & T
—®—Vaccination group ~==0--Controls

CDI16/56+, %

& &oo”
&y

—e— Vaccinationgroup  ~-0-~ Controls
=15 p=0.001 p<0.001
~

&

K

g0

2

a

2 5

--0-- Controls





OEBPS/Images/fimmu-12-696816-g002.jpg
P N
2
£ 4000 g
£ 3500 E 40
2 B
§ 3000 .
2500
2000 %)
1500 25
1000 20
& & & & .c S & &
AV F & &
PN [SH PN [

—e—vaccinationgroup ~ --O-- Controls ~ —@— Vaccinationgroup  --O-- Controls





OEBPS/Images/table1.jpg
Nosological forms

Neptvobiastoma
Nowrobiastoma

Soft tssuo sarcomas
Germ cl tumors
Otver

Total

Total

s
2%
17%
10%

100%

Boose

Study groups

Vaceinated persons

2%
12%
1%
12%
19%

zoonelf

Gontrols





