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Abstract. An assessment of post-vaccination immunity against diphtheria, measles, tetanus and pertussis in children 
with increased levels of chemical toxicants, caused by environmental exposure, determined that the levels of post-
vaccination antibodies in this group of children were significantly lower than those in children living in 
environmentally favorable areas and that disorders in the development of post-vaccination immunity were observed 
1.5 to 2.4 times more often. We identified a true relationship between a decrease in the levels of specific post-
vaccination antibodies and an increase in the levels of lead, chromium, manganese and o-cresol in the blood. 
Keywords: children, post-vaccination immunity, diphtheria, pertussis, measles, tetanus, environmental exposure, 
chemical factors. 

 
 

Introduction. Planed preventative vaccination has reduced the incidence of a number of 
infections in many countries. Preventative vaccination reportedly prevents approximately 3 
million deaths from pertussis, measles, tetanus, diphtheria annually [3, 13]. At the same time, 
technogenic pollution decreases the immunological effectiveness of the vaccination in children 
and may result in epidemic ill-being [1, 4, 5, 6, 7, 8, 17]. 

A post-hoc analysis of the diphtheria epidemic (1996-1996) shows that a lot of the 
patients have been vaccinated (74–81 %) which indicates an insignificant level of vaccine-
induced immunity in certain population groups [1, 12]. In adult diphtheria patients, the number 
of vaccinated patients constituted 65–70 %, in children – more than 80 % [11]. A similar pattern 
is noted regarding pertussis incidence [9]. New measles cases are registered in the immunized 
people including re-vaccinated patients [13]. Among all the patients, 20.5 % received live 
measles vaccine including 13.2 % that received 2 does of the vaccine. There have been reported 
cases of tetanus among the immunized patients [13].  

Many researchers report that technogenic pollution is one of the leading risk factors that 
lead to the development of a low level of vaccine-induced anti-bodies in 35–51.9 % of children 
[8, 14, 15]. In the areas of unfavorable sanitary and hygienic conditions, the number of children 
with a maximal level of anti-diphtheria anti-bodies is 7–8 times lower as compared to the similar 
indicator in children residing in the areas with relatively favorable conditions [9, 14, 16]. It has 
been reported that among children aged 10–14 residing in the areas of technogenic pollution, 20–
25 % do not have a protective level of anti-bodies to diphtheria, 28–37 % – to measles, and 90 % 
– to pertussis [10, 18, 20]. 

According to the research findings, environmental pollution caused by technogenic 
chemical toxicants (lead, manganese, chrome, phenol, aromatic hydrocarbons) at the level of 
1.01–5.0 maximum permissible contamination MPC average daily leads to a higher level of 
these toxicants in the blood that is 1.5–5.3 times higher as compared to the reference level [4, 5, 

                                                
1 Translated by Ksenya Zemnlyanova 
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6, 7]. Higher concentration of these toxic compounds in the biological medias determined by 
various routes of entry into the body (water, aerobic, food, etc.) results in the condition of 
secondary immune deficiency [4, 6, 11]. Children with contamination of the biological medias 
caused by the above toxicants at the levels that exceed the reference/background values have 
been reported to have a lower level, as compared to the physiological standard, of the 
immunocompetent cells that actively participate in the development of vaccine-induced 
immunity: absolute and relative mature T-lymphocyte count (and the subpopulations) count 
(CD4+, CD8+), killer cell count (CD16+CD56+), antibody-producing cell count (CD19+) and 
Тх1 mediator depression against simultaneous increase in CD25+, CD95+, general and specific 
hypersensitivity (IgE) as well as Тх2 type cytokine production (IL-4, IL-6) [2, 14, 16]. Decrease 
in immunologic reactivity is accompanied by nonspecific resistance depression (reduction in the 
absolute count and functional activity of phagocytes against IgG and IgA deficit) that prevents 
the development of a full-scale vaccine-induced immunity [2, 8, 17].  

Current application of local diagnostic systems for a qualitative and quantitative 
assessment of the vaccine-induced immunity based on an agglutination reaction or passive 
hemagglutination does not provide a full picture about the directional effect of specific 
antibodies to various causative agents and about the actual protective activity of those antibodies 
[19]. The IFA method meets the above requirements at the fullest; its main advantages include 
high sensitivity and specificity, a possibility to study a large amount of samples at the same time 
and determine specific antibodies of different classes JgА, JgМ, JgG, JgЕ, objective evaluation 
of the results, easy determination and a possibility of internal control.  

The purpose of this research is to study the correlation between the vaccine-induced 
dysimmunity to diphtheria, measles, tetanus, and pertussis in children with a higher level of 
chemical toxicants in the blood determined by external environmental impact.  

Materials and methods. The object of the research is 276 children aged 4-6 which in 
accordance with the National Immunization Schedule were vaccinated against diphtheria, 
pertussis, and tetanus with AKDS vaccine (basic immunization at the age of 3, 4, 5 and 6 
months, and first re-immunization at 18 months), and against measles – with KJV vaccine 
(immunization at the age of 12 months, re-imminization – at 6 years old), and did not have 
vaccine-induced reactions. 219 children (study group) resided in a large industrial center with 
multi-industry enterprises, and 57 children (control group) resided in an area with relatively 
favorable sanitary and hygienic conditions. The groups were homogenous in terms of gender 
composition and socioeconomic characteristics. Children with pathologies including immune 
disorders were not included in the study.  

A hygienic assessment of the impact on the atmospheric air in the areas of the children’s 
residents was conducted on the basis of the analysis of the quantitative composition of the 
industrial emissions under 2-TP-air form. To assess the air quality, we used the official 
monitoring data provided by Russia’s Rospotrebnadzor as well as the results of own field 
observations of the air quality in the areas of exposure.  

Assessment of the risk of immune disorders in children was conducted in accordance 
with a standardized procedure based on the Guidelines for public health risk assessment under 
chemical environmental pollution (Р 2.1.10.1920-04).  
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A chemical analysis of the metal content (manganese, lead, chrome) in biosubstrate 
(blood) and the atmospheric air was conducted with the help of atomic absorption 
spectrophotometry using the PERKIN-ELMER-3110 spectrometer (USA) (State Registry 
Number 14427-95) with atomization in the flame and mass-spectrometer with ICP-MS 
inductively-coupled plasma by Agilent 7500сх (USA) (State Registry Number 24863-08). The 
analysis of phenol and O-cresol in biosubstrates (blood) and the atmospheric air was conducted 
with the help of capillary gas chromatography method and paraphrase analysis in accordance 
with the methodological guidelines (MUK 4.1.763-4.1.779-99; MUK 4.1.2102-4.1.2116-06) 
using a gas chromatograph (7890A model, State Registry Number 15118-07) (USA) and 
Chromatec Crystal 5000 gas chromatograph (№ FSR 2009/04091, TU 9443-004-12908609-99). 
Assessment of the postvaccinal antibody count was conducted with the use of enzyme multiplied 
immunoassay method on a semi-automatic immunoanalyzer ELx808 with the use of:  

а) test system Anti-Diphtheria Toxoid ELISA aimed for quantitative determination in 
vitro IgG class antibodies (as well as IgМ and IgА class) to diphtherial anatoxin (Diphtheria 
toxoid) in blood serum dimensioned in International Units with the use of international reference 
serum NIBSC 91|534 (National Institute for Biological Standards Control, Hertfordshire, 
England);  

b) test systems RIDASCREEN Bordetella IgG ELISA aimed for quantitative 
determination in vitro of IgG class antibodies to pertussis toxoid (Bordetella toxoid) in blood 
serum;  

c) test systems Anti-Measles Viruses ELISA (IgG) aimed for quantitative in vitro 
determination of IgG class antibodies (as well as IgМ and IgА class) to measles virus in blood 
serum;  

d) test systems Anti-Tetanus Toxoid ELISA aimed for quantitative determination in vitro 
of IgG class antibodies to tetanus toxoid in blood serum measured in International Units with the 
use of international reference serum (I International Standard of antibodies to tetanus, Human 
NIBSC Code TE-3). 

Assessment of the vaccine-induced immunity to diphtheria, pertussis, and tetanus was 
conducted three, four, and five years after the first AKDS re-immunization; to measles causative 
agent – three and four years after the vaccination, and one year – after KJV re-immunization on 
the basis of the analysis of the circulatory specific vaccine-induced antibodies count.  

Assessment of intergroup differences of the analyzed indicators was conducted with the 
use of standard parametric statistics methods. On the basis of logistic models, we evaluated the 
dependency between the development of vaccine-induced dysimmunity (postvaccinal antibodies 
below the protective level) and higher (as compared to the reference/background level) level of 
chemical toxicants in the blood associated with external environmental impact. When modelling 
by odds ratio, we assesses the inactive levels of manganese, lead, chrome, and O-cresol on the 
development of vaccine-induce immunity to diphtheria, pertussis, tetanus, and measles.  

Results. It was reported that in the areas of residence of the children from the observation 
group (a big industrial center with multi-industrial enterprises), over 900 tons of pollutants 
(including chrome, manganese, lead, phenol, and cresol compounds) were emitted in the air 
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annually from stationary sources; 1-3 hazard class chemicals constituted over 77 % of those 
pollutants (759.6 t/year).  

Field observations of the atmospheric air in the exposure areas helped identify chrome, 
lead, and manganese in the collected samples – in the concentration up to 1.5 MPC average 
daily, cresol and phenol – up to 2.3-4.0 MPC average daily.  

In the area of the residence of the children from the control group (urban-type 
settlement), the air quality met the hygienic standards in terms of monitoring and field 
observations.  

In the course of the studies conducted in the areas of the residence of children from the 
observation group we determined an impermissible risk level of dysimmunities (HI > 1,0) with 
inhalation intake of the studied compounds (chrome, manganese, lead). Epidemiological research 
results revealed a cause-and-effect relationship between the studied chemical risk factors and 
development of dysimmunities (Chance Ratio = 2,56; Confidence Interval = 1,05 – 6,26). 

When assessing the risk of development of dysimmunities associated with the 
environmental chemical impact in the areas of residence of children from the control group, we 
determined a permissible risk level of dysimmunities (HI < 1,0).  

Chemico-analytical analysis of the blood of children from the observation group showed 
that the level of manganese (0,021±0,003 mg/dm3), lead (0,131±0,013 mg/dm3), chrome 
(0,0191±0,0035 mg/dm3), phenol (0,0494±0,0071 mg/dm3) and о-cresol (0,0143±0,0046 
mg/dm3) accurately (p = 0,01-0,0001) exceeds the reference / background levels by 1,4-4,0 
times. Additionally, concentrations of these chemical elements was 1,2-4,9 times higher as 
compared to the similar indicators in the control group (manganese – 0,013±0,0024 mg/dm3, lead 
– 0,109±0,009 mg/dm3, chrome – 0,0107±0,0020 mg/dm3, phenol – 0,0087±0,0004 mg/dm3, о-
cresol – 0,0033±0,0012 mg/dm3; p = 0,03-0,0001) (Table 1). 

Table 1 
Chemical levels in the blood of children residing in the areas of favorable sanitary and hygienic 

conditions, mg/dm3 
 

Chemical Observation group Control group p 
Manganese 0,021±0,003 0,013±0,0024 0,0001 
Lead 0,131±0,013 0,109±0,009 0,006 
Chrome 0,0191±0,0035 0,0107±0,0020 0,03 
Phenol 0,0494±0,0071 0,0087±0,0004 0,0001 
О-cresol 0,0143±0,0046 0,0033±0,0012 0,0001 

 

p – accuracy of differences between the observation group and the control group 
 
Analysis of the average group antibodies count (diphtheria, pertussis, tetanus, and 

measles) showed that their level in both groups under analysis in the period of study after the 
vaccination / first re–vaccination equaled the protective level. In the observation group, the level 
of vaccine–induced antibodies to diphtheria toxin totaled: min – 0,089 mU/ml (protective level – 
0,1–2,0 mU/ml, р = 0,82), max – 0,365 mU/ml (р≤0,001), to tetanus antitoxin – min – 0,11 
mU/ml (protective level – 0,01–5,0 mU/ml, р≤0,001), max – 0,73 MU/ml (р≤0,001), к 
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возбудителю коклюша – min – 19,13 Un/ml (protective level – 14,0–18,0 Un/ml, р = 0,02), 
max – 39,19 (р≤0,001), to measles agent – min – 933,78 mU/ml (protective level – 200,0–275,0 
mU/ml, р≤0,001), max – 1126,43 mU/ml (р≤0,001) (Table 2). At the same time, in children 
from the observation group 3 years after the first AKDS re–vaccination, the level of antibodies to 
diphtheria toxin (0,089±0,096 mU/ml) and tetanus antitoxi (0,11±0,09 mU/ml) was 4,8–10,4 
times lower as compared to the indicators in the control group (0,429±0,131 mU/ml and 
1,14±0,66 mU/ml respectfully; р = 0,002–0,0001); 4 years after – 1,4 times lower to pertussis 
agent (30,07±7,69 Un/ml against 43,31±2,0 Un/ml, р = 0,001), and in all the periods of analysis, 
the level of antibodies to measles agent after KJV vaccination/re–vaccination was 
(1126,43±166,12 MU/ml, 933,78±132,25 MU/ml, 1043,39±169,8 MU/ml) and 1,3–1,6 times 
lower as the control group (1457,87±142,11 MU/ml, 1493,13±180,94 MU/ml, 1314,31±170,44 
MU/ml; р = 0,025–0,0001) (Table 2). 

For a more profound assessment of the immunological effectiveness of the AKDS and 
KJV vaccination in the groups under study, we analyzed the frequency of occurrence of vaccine-
induced dysimmunity (Table 3). The study results showed that in 50–67 % of children in the 
observation group and 21–46 % of children in the control group, the level of vaccine–induced 
antibodies did not provide protective level of immunity to diphtheria and pertussis, and the 
occurrence of low titers of vaccine-induced antibodies in children from the observation group 
was 1,8–2,0 times higher as compared to the control group (р = 0,03–0,0001), at the same time, 
vaccine–induced measles dysimmunity in both groups occurred only in several cases (3–6 %). In 
all the children under review, the level of vaccine-induced antibodies to tetanus antitoxic in the 
period under analysis equaled the protective level. 
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Table 2 
 

Vaccine-induced antibody concentration in children with different levels of technogenic chemical toxins in the blood 
 

Period since the last vaccination/re-
vaccination (years) Antibody level 

Accuracy of differences between 
the observation group 

 
Nosology Observation 

group 
Control 
group 

Accuracy 
of 

differences 

Observation 
group Control group and 

control 
group 

and protective level 
of antibodies 

 
Protective 

level of 
antibodies 

3,22±1,18 3,40±0,68 0,79 0,089±0,016 0,429±0,131 0,0001 0,82 
4,50±0,26 4,24±0,22 0,13 0,365±0,084 0,264±0,154 0,25 < 0,001 Diphtheria 

(mU/ml) 5,16±0,38 5,10±0,20 0,83 0,289±0,089 0,261±0,120 0,71 < 0,001 

 
0,1–2,0 

3,22±1,18 3,40±0,68 0,79 0,11±0,09 1,14±0,66 0,002 < 0,001 
4,50±0,26 4,24±0,22 0,13 0,73±0,19 0,68±0,44 0,83 < 0,001 Tetanus 

(mU/ml) 5,16±0,38 5,10±0,20 0,83 0,51±0,17 0,50±0,22 0,94 < 0,001 

 
0,01–5,0 

3,22±1,18 3,40±0,68 0,79 19,13±4,19 21,83±10,19 0,62 0,02 
4,50±0,26 4,24±0,22 0,13 30,07±7,69 43,31±2,0 0,001 < 0,001 Pertussis 

(mU/ml) 5,16±0,38 5,10±0,20 0,83 39,19±10,07 35,89±18,84 0,76 < 0,001 

 
14–18 

0,91±0,15 1,11±0,17 0,08 1126,43±166,12 1457,87±142,11 0,003 < 0,001 
3,88±0,54 3,98±0,76 0,83 933,78±132,25 1493,13±180,94 0,0001 < 0,001 Measles 

(mU/ml) 4,84±0,17 4,94±0,12 0,34 1043,39±169,8 1314,31±170,44 0,025 < 0,001 

 
200–275 
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Table 3 
Frequency of disorders of the development of a protective level of vaccine-induced immunity in children  

with different level of technogenic chemical toxicants in the blood (%) 
 

Period since the last vaccination/re-
vaccination (years) Observation Group Control Group Accuracy of differences  

 
 
Nosology 

Observation 
Group 

Control 
Group 

Accuracy 
of 

differences 

Below 
protective 

level 

Equal to 
protective 

level 

Above 
protective 

level 

Below 
protective 

level 

Equal to 
protective 

level 

Above 
protective 

level 
p1 p2 p3 

3,22±1,18 3,40±0,68 0,79 52 46 2 29 71 0 0,003 0,001 – 
4,50±0,26 4,24±0,22 0,13 52 48 0 46 54 0 0,44 0,44 – 

 
Diphtheria 
 5,16±0,38 5,10±0,20 0,83 67 33 0 33 67 0 0,001 0,001 – 

3,22±1,18 3,40±0,68 0,79 0 100 0 0 100 0 – 1,0 – 
4,50±0,26 4,24±0,22 0,13 0 99 1 0 100 0 – 0,99 – Tetanus 
5,16±0,38 5,10±0,20 0,83 0 100 0 0 100 0 – 1,0 – 
3,22±1,18 3,40±0,68 0,79 50 8 42 21 7 71 0,0001 0,9 0,0001 
4,50±0,26 4,24±0,22 0,13 53 3 43 30 26 44 0,003 0,0001 0,02 Pertussis 
5,16±0,38 5,10±0,20 0,83 50 32 18 27 57 16 0,03 0,001 0,73 
0,91±0,15 1,11±0,17 0,08 3 3 94 0 20 80 0 0,0001 0,001 
3,88±0,54 3,98±0,76 0,83 0 1 99 6 0 94 – – 0,87 Measles 
4,84±0,17 4,94±0,12 0,34 0 0 100 0 0 100 – – – 

 
p1 – accuracy of differences in the frequency of development of vaccine-induced immunity below the protective level in children from the observation 
group and the control group 
p2 – accuracy of differences in the frequency of occurrence of a protective level of vaccine-induced antibodies in children from the observation group 
and the control group  
p3 – accuracy of differences in the frequency of development of vaccine-induced immunity above the protective level in children from the observation 
group and the control group 
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In the observation groups, in the post–vaccinal period of analysis, protective level of 
anti–diphtheria antibodies was registered only in 33–48 % of immunized children which is 
accurately 1,5–2,0 times lower as compared to the control group (67–71 % р = 0,003–0,0001). 
The level of vaccine–induce anti–pertussis antibodies at the protective level and higher in the 
observation group was registered only in 46–50 % of children; at the same time, this indicator in 
the control group was 1,5–1,6 times higher (70–78 %, р = 0,003–0,0001). Overall, in the 
observation group, the number of children with a low level of vaccine–induced anti–diphtheria 
antibodies was 1,8–2,0 times (р = 0,001–0,003) higher as compared to the control group; the 
number of children with a level of anti–pertussis antibodies lower as compared to the protective 
level was 1,5–2,4 times higher (р = 0,03–0,0001) (Table 3).Additionally, in the post–vaccinal 
period under analysis (from 3 to 5 years), the number of children in the observation group with a 
lower level of anti–diphtheria antibodies as compared to the protective level increased by 28,9 
%; in the control group, this indicater constituted 13,8 % (р = 0,03).  

The study of the indicators of the system immunity showed that the children residing in 
the areas of human–caused environmental pollution had a significantly lower as compared to the 
control group absolute level of lymphocytes CD19+ и CD16+56+ (р = 0,01–0,001) and immune 
serum globulin А (р = 0,02) (Table 4). 

Table 4 
Indicators of system immunity in children with different levels of technogenic chemical 

toxicants in the blood 
 

Indicator 
Physiological 

level 
Observation 

group 
Control 
group p 

Phagocytosis percentage ( %) 35–60 56,0±2,5 56,5±4,5 0,92 
Phagocytic number (standard unit) 0,8–1,2 1,05±0,08 1,0±0,09 0,40 
Phagocytic index (standard unit 1,5–2,0 1,85±0,08 1,70±0,12 0,06 
Absolute phagocytosis (109/dm3) 0,964–2,988 2,541±0,247 2,170±0,323 0,07 
CD3+–lymphocytes rel. ( %) 55–84 67,5±2,0 66,5±6,5 0,89 
CD3+– lymphocytes abs. (109/dm3) 0,690–2,540 2,037±0,213 2,160±0,276 0,48 
CD3+CD4+– lymphocytes rel. ( %) 31–60 34,5±2,5 38,0±4,0 0,64 
CD3+CD4+– lymphocytes abs. (109/dm3) 0,410–1,590 1,047±0,132 1,233±0,166 0,08 
CD3+CD8+– lymphocytes rel. ( %) 13–41 25,5±2,0 23,0±3,0 0,71 
CD3+CD8+– lymphocytes abs. (109/dm3) 0,190–1,140 0,773±0,089 0,757±0,112 0,82 
CD19+– lymphocytes rel. ( %) 6–25 13,5±1,5 17,0±2,5 0,52 
CD19+– lymphocytes abs. (109/dm3) 0,090–0,660 0,417±0,065 0,545±0,079 0,01 
CD16+56+– lymphocytes rel. ( %) 5–27 15,5±2,5 8,0±1,5 0,16 
CD16+56+lymphocytes abs. (109/dm3) 0,090–0,590 0,463±0,084 0,253±0,05 0,001 
CD3+CD25+– lymphocytes rel. ( %) 5,5 4,5±0,5 4,5±0,5 1,0 
CD3+CD25+– lymphocytes abs. 
(109/dm3) 0,155 0,136±0,023 0,154±0,021 0,26 

IgА (g/dm3) 2,0–2,8 1,14±0,07 1,29±0,11 0,02 
IgM (g/dm3) 1,0–1,6 1,09±0,04 1,17±0,09 0,1 
IgG (g/dm3) 12,0–16,0 10,01±0,33 10,25±0,73 0,35 

 
p – accuracy of the differences between the indicators of system immunity in children from the 
observation group and the control group  
 



№ 2. 2013 Health Risk Analysis  
Urgent aspects of risk analysis 

 

 35 
 

The ratio analysis of the chances of changes in the level of vaccine-induced specific 
immunity under different toxicant load showed the presence of an accurate relationship between 
a decrease in IgG level to diphtheria anatoxin and an increase in lead concentration (inactive 
level – 0,04 mg/dm3; R2 = 0,09; р≤0,0001) and О-cresol (inactive level – 0,0 mg/dm3; R2 = 
0,48; р≤0,0001) in the blood (Figures 1 and 2). 
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Additionally, we determined an accurate decrease in the JgG level to pertussis agent with 
an increase in chrome level in the blood (inactive level 0,004 mg/dm3; R2 = 0,76; р≤0,0001) 
(Figure 3), and manganese level (inactive level – 0,011 mg/dm3; R2 = 0,80; р≤0,0001) (Figure 
4).  

 

0

0,2

0,4

0,6

0,8

1

1,2

0,000 0,010 0,020 0,030 0,040 0,050 0,060 0,070

В
ер

о
я

т
н

о
ст

ь
 п

о
н

иж
ен

и
я

 

мг/дм3  

 

0

0,2

0,4

0,6

0,8

1

1,2

0,000 0,010 0,020 0,030 0,040 0,050 0,060 0,070

Ве
ро

ят
но

ст
ь 

по
ни

ж
ен

ия
 

мг/дм3  
 
 

 
 

Based on the above research, we can make the following conclusions: 
1. Children with a higher level of chemical toxicants (manganese, lead, chrome, phenol, 

and o-cresol) in the blood caused by external environmental impact 3–5 years after the AKDS 
and JKV immunization / first re-immunization have a 1,3–10,4 times lower level of vaccine-
induced antibodies as compared to the children living in the areas with favorable sanitary and 
hygienic environmental conditions.  

2. Vaccine-induced dysimmunity (the level of vaccine-induced antibodies is below the 
protective level) in children with a higher level of manganese, chrome, lead, phenol, and o-cresol 

Figure 2. Correlation between a decrease in post-
vaccinal JgG level to diphtheria anatoxin and 

increase of O-cresol in the blood  
 

Figure 1. Correlation between a decrease in post-
vaccinal JgG level to diphtheria anatoxin and 

increase in lead concentration in the blood 
 

Figure 3. Correlation between a decrease in 
post-vaccinal JgG level to pertussis agen and 

an increase of chrome level in the blood  

Figure 4. Correlation between a decrease in post-
vaccinal JgG level to pertussis agent and in 

increase of manganese concentration in the blood 
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in the blood occurs 1.5–2.4 times more often as compared to the children with the chemical 
toxicants at the reference/background level 

3. The absolute level of antibody-producing (CD19+) cells in children with higher level 
of technogenic chemical toxicants in the blood is accurately lower as compared to the children 
residing in the areas of favorable sanitary and hygienic environmental conditions.  

4. We determined a true relationship between a decrease in the level of specific vaccine-
induced antibodies and increase in the level of lead, chrome, manganese, and o-cresol. 
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