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Background. Delayed vaccination increases the period of vulnerability of children to vaccine preventable diseases. It is associated with higher risk of infectious morbidity and outbreaks (including previously controlled diseases). Objective. Our aim was to study the vaccination of children and its timing according to the National Immunization Schedule (NIS) in Russian Federation regions. Methods. We have performed retrospective cross sectional study. Data from 2838 maps of preventive vaccinations (form №063/y) in children of 2015–2017 years of birth from 18 subjects of Volga and Far Eastern federal districts, as well as data from the state federal statistical monitoring forms № 6 “Information on children and adults populations vaccinated against infectious diseases” in 2016–2019 in the same subjects of Russian Federation was analyzed. Results. The proportion of children vaccinated according to the NIS varies from 8% to 87.1% (depending on the vaccine type). 51.5–94.5% of children are vaccinated timely to decreed dates according to the age criteria used in Form № 6. Whereas, more than 95% of children were considered vaccinated against infections from the NIS list (except pneumococcal infection) according to official statistics. Significant regional differences in vaccination of children and its timing were revealed. Conclusion. Significant numbers of children remains unvaccinated or are or untimely vaccinated against infections from the NIS list. At the same time, there is considerable difference between the data about vaccination and its timing received from the analysis of primary medical documentation and from the state federal statistical monitoring forms.
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RESULTS

Table 1. Criteria of timely vaccination: decreed age and terms recommended by NIS
	Infections from the NIS list
	Decreed vaccination age, %*
	Vaccination age recommended by NIS**

	Tuberculosis
	30 d
	3–7 d

	Hepatitis B
	12 m (V3)
	V1 — 1 d, V3 — 6 m

	Diphtheria/tetanus
	12 m (V3)
	V1 — 3 m, V3 — 6 m 

	Pertussis
	12 m (V3)
	V1 — 3 m, V3 — 6 m 

	Pneumococcal infection
	12 m (V2)
	V1 — 2 m, V2 — 4,5 m

	Poliomyelitis
	12 m (V3)
	V1 — 3 m, V3 — 6 m

	Diphtheria/tetanus RV1
	24 m
	18 m

	Pertussis RV1
	24 m
	18 m

	Measles
	24 m
	12 m

	Rubella
	24 m
	12 m

	Parotitis
	24 m
	12 m

	Pneumococcal infection RV
	24 m
	15 m

	Poliomyelitis RV1
	24 m
	18 мес


Note. <*> — according to state federal statistical monitoring forms № 6 “Information on children and adults populations vaccinated against infectious diseases”; <**> — Order of the Ministry of Health of Russian Federation №125n "On approval of the National Immunization Schedule and calendar of preventive vaccination on epidemic indications" [16]; RV — revaccination (RV1 — first).
Table 2. Characteristics of the study sample
	Indicators
	Values

	Gender (male), abs. (%)
	1483 (52,3)

	Age, months
	50 (41; 58)

	Age of birth, abs. (%):

· 2015

· 2016

· 2017
	961 (33,9)

935 (32,9)

942 (33,2)

	Federal district, abs. (%):

· Volga
· Far Eastern
	1180 (41,6)
1658 (58,4)

	Subjects of Russian Federation, abs. (%):

Republic of Mari El

Orenburg Region

Perm Krai
Republic of Bashkortostan

Republic of Chuvashia

Kirov Region
Republic of Mordovia

Jewish Autonomous Oblast

Amur Region

Republic of Buryatia

Primorsky Krai

Kamchatka Krai

Magadan Region
Sakhalin Region

Khabarovsk Krai

Zabaykalsky Krai

Chukotka Autonomous Okrug

Republic of Sakha (Yakutia)
	187 (6,6)

159 (5,6)

165 (5,8)

227 (8,0)

120 (4,2)

113 (4,0)

209 (7,4)

70 (2,5)

145 (5,1)

158 (5,6)

172 (6,1)

102 (3,6)

117 (4,1)

120 (4,2)

154 (5,4)

225 (7,9)

100 (3,5)

295 (10,4)


Table 3. Timeliness of children vaccination to decreed age (1, 12 and 24 months) and age of reaching 95% vaccination coverage according to primary medical records
	Infections from the NIS list
	Vaccination of children to decreed age*, % (95% CI)
	Age of reaching 95% coverage, months

	
	Form №6**
	Form №063/у***
	

	Tuberculosis
	95,8
	89,2 (88,0–90,3)
	3,7 (3,0–4,4)

	Hepatitis B (3 doses)
	97,3
	84,3 (82,9–85,6)
	26,0 (23,7–30,2)

	Diphtheria/tetanus
	96,9
	76,3 (74,7–77,8)
	24,6 (23,0–26,4)

	Pertussis
	96,7
	76,3 (74,7–77,8)
	24,6 (23,0–26,4)

	Pneumococcal infection
	88,2
	55,7 (53,8–57,5)
	> 71

	Poliomyelitis
	96,3
	72,7 (71,0–74,2)
	23,7 (22,7–24,9)

	Diphtheria/tetanus RV1
	96,6
	59,3 (57,5–61,1)
	50,6 (47,0–…)

	Pertussis RV1
	96,5
	58,9 (57,0–60,7)
	> 71

	Measles
	97,8
	94,5 (93,6–95,3)
	24,7 (23,4–27,2)

	Rubella
	97,8
	94,2 (93,3–95,0)
	25,5 (23,7–28,3)

	Parotitis
	97,8
	94,4 (93,5–95,2)
	25,0 (23,6–27,6)

	Pneumococcal infection RV
	69,9
	51,5 (49,6–53,3)
	> 71

	Poliomyelitis RV1
	96,2
	74,7 (73,0–76,2)
	40,3 (38,4–43,7)


Note. <*> — definition criteria of decreed age are presented in “Methods”; <**> — calculated according to the aggregated data (arithmetic mean for the Volga Federal District and the Far Eastern Federal District) from the state federal statistical monitoring forms № 6 “Information on children and adults populations vaccinated against infectious diseases”; <***> — calculated according to individual data collected from primary medical documentation (preventive vaccination cards, form № 063/y); NIS (НКПП) — National Immunization Schedule; CI — confidence interval.
Table 4. Vaccination of children at the age of 26–71 months in subjects of Russian Federation
	Subjects of Russian Federation
	Tuberculosis
	Hepatitis B
	Diphtheria, tetanus
	Pertussis
	Measles
	Rubella
	Parotitis
	Pneumococcal infection
	Poliomyelitis

	Amur region
	100
	99,3
	98,6
	98,6
	100
	100
	100
	68,8
	93,1

	Jewish Autonomous Oblast
	100
	98,6
	98,6
	92,8
	100
	100
	100
	79,7
	100

	Zabaykalsky Krai
	99,6
	97,8
	92,8
	92,8
	97,3
	97,8
	97,3
	77,8
	87,9

	Kamchatka Krai
	100
	89,1
	92,2
	88,2
	100
	100
	100
	68,3
	89,2

	Kirov Region
	100
	99,1
	96,5
	96,5
	100
	100
	100
	73,4
	91,1

	Magadan Region
	100
	100
	100
	100
	100
	100
	100
	75,0
	100

	Orenburg Region
	100
	100
	98,7
	98,7
	99,4
	100
	99,4
	93,0
	98,7

	Perm Krai
	100
	100
	98,8
	93,9
	100
	99,4
	100
	62,8
	93,8

	Primorsky Krai
	99,4
	95,9
	88,8
	88,8
	95,9
	95,3
	95,9
	81,1
	85,3

	Republic of Bashkortostan
	98,7
	94,6
	90,7
	90,7
	100
	99,1
	100
	64,4
	86,3

	Republic of Buryatia
	93,7
	98,1
	93,0
	90,5
	96,2
	96,8
	95,5
	82,9
	91,7

	Republic of Mari El
	100
	100
	99,5
	98,4
	100
	100
	100
	79,7
	98,4

	Republic of Mordovia
	99,5
	99,0
	97,6
	97,6
	99,5
	99,5
	99,5
	84,9
	91,9

	Republic of Chuvashia
	100
	98,3
	94,9
	91,5
	99,2
	98,3
	99,2
	86,6
	92,4

	Sakhalin Region
	100
	100
	97,5
	97,5
	100
	100
	100
	70,6
	93,3

	Khabarovsk Krai
	99,2
	97,3
	96,1
	93,4
	98,7
	98,7
	98,7
	83,1
	96,7

	Chukotka Autonomous Okrug
	100
	100
	100
	100
	100
	100
	100
	73,0
	100

	Yakutia
	97,3
	91,8
	78,1
	78,1
	93,8
	91,1
	93,8
	35,6
	62,0


Note. Vaccination of children against pneumococcal infection was estimated within all available vaccination schemes:

· main scheme of vaccination against pneumococcal infection — 2 months, 4,5 months + RV at 15 months;

· vaccination starts before 11 months — twice + RV in the second year of life;

· vaccination starts at the age of 12–23 months — twice with the interval of at least 8 weeks;

· vaccination starts at the age >2 years — once.
Table 5. Vaccination of children at the decreed age in the context of subjects of Russian Federation based on the analysis of primary medical documentation
	Subjects of Russian Federation
	Tuberculosis
	Hepatitis B
	Pertussis / Diphtheria / tetanus
	Diphtheria / tetanus RV
	Pertussis RV
	Measles / Parotitis
	Rubella
	Pneumococcal infection
	Pneumococcal infection RV
	Poliomyelitis
	Poliomyelitis RV1
	Poliomyelitis RV2

	Amur region
	94,4%
	91,7%
	88,8%
	69,5%
	69,5%
	97,1%
	98,6%
	48,6%
	43,7%
	85,9%
	77,3%
	86,1%

	Jewish Autonomous Oblast
	100,0%
	94,3%
	77,1%
	59,4%
	55,1%
	100,0%
	97,1%
	20,0%
	12,9%
	64,3%
	75,4%
	95,7%

	Zabaykalsky Krai
	84,4%
	87,9%
	80,8%
	68,2%
	68,2%
	94,6%
	94,6%
	42,9%
	39,7%
	79,5%
	82,4%
	83,0%

	Kamchatka Krai
	96,0%
	80,2%
	71,6%
	61,8%
	61,8%
	96,0%
	96,0%
	36,6%
	47,1%
	52,0%
	66,7%
	85,3%

	Kirov Region
	80,4%
	78,6%
	71,7%
	46,0%
	46,0%
	93,6%
	93,6%
	32,7%
	31,8%
	74,3%
	66,7%
	69,6%

	Magadan Region
	91,5%
	93,2%
	91,5%
	72,4%
	72,4%
	97,4%
	96,6%
	58,6%
	57,9%
	92,3%
	87,8%
	91,3%

	Orenburg Region
	86,7%
	92,4%
	83,4%
	66,9%
	66,9%
	98,1%
	98,1%
	86,4%
	84,5%
	84,8%
	86,6%
	94,3%

	Perm Krai
	87,7%
	90,3%
	69,7%
	53,7%
	53,0%
	93,3%
	92,6%
	33,7%
	37,4%
	77,6%
	73,2%
	86,0%

	Primorsky Krai
	90,1%
	79,5%
	65,9%
	49,4%
	49,4%
	90,1%
	90,1%
	55,0%
	58,0%
	62,7%
	71,4%
	81,2%

	Republic of Bashkortostan
	85,9%
	40,2%
	43,6%
	28,4%
	28,4%
	94,7%
	94,7%
	46,3%
	32,7%
	60,8%
	64,6%
	74,8%

	Republic of Buryatia
	82,9%
	91,1%
	82,3%
	59,5%
	58,2%
	92,4%
	93,0%
	81,5%
	73,2%
	70,1%
	76,1%
	82,7%

	Republic of Mari El
	93,6%
	90,9%
	84,4%
	72,1%
	71,6%
	97,9%
	97,9%
	82,3%
	79,4%
	73,3%
	84,2%
	94,1%

	Republic of Mordovia
	84,5%
	90,4%
	87,6%
	74,9%
	74,9%
	98,1%
	98,1%
	63,9%
	69,4%
	71,3%
	78,3%
	86,1%

	Republic of Chuvashia
	88,3%
	92,5%
	85,0%
	71,8%
	69,2%
	95,8%
	96,7%
	78,3%
	80,8%
	70,0%
	85,7%
	89,1%

	Sakhalin Region
	93,2%
	95,8%
	86,7%
	75,0%
	75,0%
	96,6%
	96,6%
	55,9%
	44,9%
	86,6%
	83,9%
	82,4%

	Khabarovsk Krai
	92,7%
	91,1%
	85,1%
	77,6%
	76,3%
	98,1%
	98,1%
	70,6%
	69,9%
	81,0%
	92,9%
	96,1%

	Chukotka Autonomous Okrug
	97,0%
	94,9%
	90,0%
	68,7%
	67,7%
	99,0%
	97,0%
	65,0%
	46,0%
	80,0%
	88,9%
	92,0%

	Yakutia
	90,8%
	77,0%
	61,4%
	28,8%
	28,8%
	83,4%
	81,5%
	37,0%
	17,7%
	57,7%
	38,6%
	43,4%

	p, df = 17
	< 0,001
	< 0,001
	< 0,001
	< 0,001
	< 0,001
	< 0,001
	< 0,001
	< 0,001
	< 0,001
	< 0,001
	< 0,001
	< 0,001


Note. RV — revaccination (RV1 — first, RV2 — second). Vaccination values are highlighted in color: >95% (brown) and <50% (blue).
Table 6. Vaccination of children at the age recommended by NIS in the context of subjects of Russian Federation based on the analysis of primary medical documentation
	Subjects of Russian Federation
	Tuberculosis
	Hepatitis B V1
	Hepatitis B V3
	Pertussis / Diphtheria / tetanus V1
	Pertussis / Diphtheria / tetanus V3
	Pertussis / Diphtheria / tetanus RV
	Measles / Parotitis
	Rubella
	Pneumococcal infection V1
	Pneumococcal infection V2
	Pneumococcal infection RV
	Poliomyelitis V1
	Poliomyelitis V3
	Poliomyelitis RV1
	Poliomyelitis RV2

	Amur region
	90,2%
	79,0%
	37,5%
	66,4%
	26,6%
	9,9%
	44,3%
	47,1%
	31,7%
	12,1%
	17,6%
	62,5%
	21,8%
	24,1%
	7,6%

	Jewish Autonomous Oblast
	100,0%
	100,0%
	61,4%
	54,3%
	24,3%
	10,1%
	51,4%
	51,4%
	8,6%
	5,7%
	2,9%
	58,6%
	15,7%
	29,0%
	11,4%

	Zabaykalsky Krai
	81,3%
	92,0%
	46,0%
	60,5%
	23,7%
	8,5%
	46,6%
	50,9%
	15,7%
	4,9%
	10,7%
	62,2%
	22,8%
	43,2%
	20,1%

	Kamchatka Krai
	94,0%
	96,0%
	34,7%
	60,8%
	22,5%
	10,8%
	37,6%
	39,6%
	17,6%
	5,0%
	15,7%
	51,0%
	14,7%
	25,5%
	9,8%

	Kirov Region
	77,7%
	58,6%
	26,8%
	49,5%
	16,8%
	6,2%
	38,2%
	41,8%
	14,0%
	2,8%
	14,5%
	50,9%
	17,7%
	33,3%
	13,4%

	Magadan Region
	91,5%
	91,5%
	54,7%
	73,3%
	41,0%
	14,7%
	56,9%
	56,9%
	30,8%
	19,0%
	20,2%
	75,0%
	39,3%
	45,2%
	19,1%

	Orenburg Region
	84,8%
	80,0%
	37,3%
	61,1%
	21,7%
	10,8%
	55,7%
	51,9%
	52,9%
	30,5%
	47,7%
	67,5%
	19,6%
	42,7%
	12,1%

	Perm Krai
	87,1%
	89,0%
	40,6%
	47,9%
	23,6%
	11,0%
	43,6%
	41,7%
	28,7%
	1,8%
	19,0%
	60,6%
	27,9%
	29,3%
	9,8%

	Primorsky Krai
	87,7%
	69,0%
	31,6%
	36,8%
	10,6%
	4,7%
	37,4%
	38,0%
	37,6%
	16,0%
	17,8%
	37,4%
	10,1%
	32,1%
	18,8%

	Republic of Bashkortostan
	83,3%
	20,8%
	12,5%
	17,2%
	7,9%
	2,7%
	29,6%
	30,8%
	15,5%
	8,8%
	7,6%
	24,7%
	8,4%
	25,7%
	9,7%

	Republic of Buryatia
	81,0%
	80,8%
	52,2%
	63,1%
	29,1%
	10,8%
	47,8%
	47,8%
	53,8%
	30,6%
	22,9%
	62,2%
	24,2%
	32,9%
	13,5%

	Republic of Mari El
	92,0%
	92,5%
	58,8%
	58,5%
	33,3%
	9,8%
	56,1%
	57,2%
	50,3%
	41,4%
	40,6%
	56,1%
	27,8%
	45,7%
	24,9%

	Republic of Mordovia
	83,6%
	80,4%
	35,9%
	63,6%
	15,3%
	5,3%
	52,4%
	56,2%
	39,1%
	21,6%
	33,0%
	49,5%
	11,5%
	37,7%
	14,4%

	Republic of Chuvashia
	82,5%
	87,5%
	41,7%
	61,7%
	17,5%
	8,5%
	49,2%
	52,5%
	49,2%
	29,2%
	44,2%
	55,5%
	12,5%
	58,0%
	26,1%

	Sakhalin Region
	92,4%
	94,9%
	53,3%
	58,0%
	29,2%
	15,0%
	53,4%
	54,2%
	26,7%
	11,9%
	14,4%
	70,0%
	33,6%
	28,0%
	5,9%

	Khabarovsk Krai
	91,9%
	93,8%
	46,6%
	52,3%
	23,4%
	7,9%
	60,4%
	59,1%
	50,3%
	13,1%
	39,2%
	58,6%
	22,9%
	51,9%
	31,4%

	Chukotka Autonomous Okrug
	96,0%
	94,9%
	33,3%
	64,6%
	11,0%
	3,0%
	40,0%
	40,0%
	28,0%
	21,0%
	7,0%
	49,0%
	7,0%
	50,5%
	16,0%

	Yakutia
	87,8%
	90,0%
	29,6%
	45,3%
	10,6%
	4,1%
	27,0%
	25,7%
	31,7%
	8,2%
	5,7%
	45,4%
	10,9%
	10,6%
	2,7%

	p, df = 17
	< 0,001
	< 0,001
	< 0,001
	< 0,001
	< 0,001
	< 0,001
	< 0,001
	< 0,001
	< 0,001
	< 0,001
	< 0,001
	< 0,001
	< 0,001
	< 0,001
	< 0,001


Note. V — vaccination; RV — revaccination (RV1 — first, RV2 — second). Values of timely vaccination are highlighted in color: >95% of children (brown) and <50% (blue).

STUDY LIMITATIONS
The estimation of required sample size for each region was not carried out in advance, thus, it could affect the results obtained in the region-specific vaccination analysis. Maps of children preventive vaccinations were selected randomly from several districts in out-patient clinics. The study includes data from 1 (Birobidzhan, Anadyr) to 4 out-patient clinics in each of the 18 subjects of Russian Federation. Moreover, it was impossible to control the quality (reliability) of the data presented in medical source records.
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