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Abstract
Background Vaccination is one of the effective ways to develop immunity against potential life-threatening
diseases in children in early age. This study is focused on analysing the age-appropriate vaccination coverage
at national and subnational levels and identify the factors associated with age-appropriate coverage in Nepal.

Methods 460 children aged 12-36 months were included in the study. The data was obtained from Nepal
Demographic and Health Survey (NDHS) 2016-17. Age-appropriate coverage of Bacillus Calmette-Guerin
vaccine (BCG), oral polio vaccine (OPV) doses 1-3, pentavalent vaccine (PE) doses 1-3, and �rst dose of
measles, mumps, and rubella vaccine (MMR) were estimated using Kaplan Meier method. Multilevel logistic
regression with random intercept was used to identify the factors associated with age-appropriate vaccination.

Results The crude coverage of the vaccines included in the study ranged from 91.5% (95% CI, 88.5-93.7) for
PE3 to 97.8% (95.8-98.7) for BCG. Although the crude coverage of all the vaccines was above 90%, the age-
appropriate coverage was signi�cantly low, ranging from 41.5% (36.5-46.6) for PE3 to 73.9 % (69.2-78.1) for
PE1. Furthermore, high disparity in timely vaccination coverage was observed at regional level. Compared to
the age-appropriate vaccination coverage in other provinces, Province 2 had the lowest coverage of all,
followed by that in Province 6. The timeliness of vaccination was signi�cantly associated with subnational
regions i.e., provinces and the season of childbirth.

Conclusion Although the immunization program in Nepal has achieved the target of 90% crude coverage of all
the childhood vaccines, the age-appropriate coverage is signi�cantly low which undermines the effectiveness
of the vaccines administered. Thus, along with crude coverage, timeliness of the vaccines administered should
be taken into consideration and thoroughly monitored at national and subnational levels. Provincial
government should formulate tailored strategies to ensure the timely administration of the childhood
vaccines. 

Background
Vaccination is one of the effective ways to develop immunity against potential life-threatening diseases in
children in early age.1 For instance, diseases such as polio and diphtheria are becoming rare in many countries
around the world due to effective and timely vaccination.2,3 To reduce the risk of getting exposed to vaccine
preventable diseases and to increase immunization coverage of basic childhood vaccines, World Health
Organization (WHO) initiated the Expanded Programme on Immunization (EPI) in 1974. Remarkable progress
has been made worldwide since the implementation of EPI.4,5 For instance, over the last decade, more than 1
billion children have been vaccinated and an estimated 2 to 3 million death has been averted through
immunization worldwide.5,6 However, at the same time, nearly 20 million children still face insu�cient access
to vaccines globally.7-9 The resurgence of vaccine preventable diseases (VPD) such as measles in Mongolia,
USA and in other countries has emphasized that not only coverage rate but also timeliness of the vaccines
administered is important to ensure effective immunization.10-13

In Nepal, the National Immunization Program (NIP) was implemented in 1979 with the objectives to increase
immunization coverage and control the vaccine-preventable diseases.14 The immunization programme has
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performed well and has been considered success in recent years. In 2017, the crude vaccination coverage for
most of the vaccines was reported above 80%.15 However, the increasing cases of measles and high
prevalence of tuberculosis in Nepal in recent years has posed an important question on the effectiveness of
the immunization program.16,17 Currently, the surveillance report on immunization by WHO emphasized that
the immunization program is solely focused on attaining high coverage rate while neglecting the timeliness of
the vaccines administered.15. Delay in immunizations may cause outbreaks of infectious disease since
vaccines delivered outside the immunization schedule leave temporal gaps in immunity in which children are
vulnerable to infections.18 Hence, to realize the full bene�ts of immunization program, it is important to
consider timely administration of the vaccines along with the high coverage rate. However, there are no studies
been conducted at national level to access the timeliness of childhood vaccines in Nepal. Thus, this is the �rst
study aimed to analyse the age-appropriate vaccination coverage at national and subnational levels and to
identify the factors associated with age-appropriate vaccination in Nepal.

Method
Data source

We used recently available data from Nepal Demographic and Health Survey, (NDHS) 2016-17. NDHS is a
nationally representative population-based cross-sectional household surveys that included information about
maternal and child health. Data were collected from June 2016 to January 2017. Out of 11,472 occupied
households 11,203 were interviewed with response rate of 99.0%. The survey used multistage strati�ed cluster
sampling design method to collect the data. The questionnaire for children under �ve was administered to
mothers (or caretakers) of the children through women’s questionnaire. In total 6,091 children under �ve years
were selected with the response rate of 98.6%. The details of sampling methods and questionnaires are
described elsewhere.19.

Study population

Initially, 514 children aged 12-36 months were included in the study. Out of  514 children, 54 of them, who did
not have mother or child health books or vaccination cards, which are o�cial written records of vaccination
history provided by Government of Nepal,14 were excluded. For the �nal analyses, 460 children were included
in the study.

Vaccines

The Vaccines assessed in this study were Bacillus Calmette-Guerin vaccine (BCG); Oral polio, doses 1-3 (OPV1,
OPV2, and OPV3); Pentavalent vaccine (DTP-Diphtheria, Tetanus, and Pertussis vaccine; Hep B Hepatitis B
vaccine; Hib-Hemophilus in�uenzae type b vaccine), doses 1-3 (PE1, PE2, and PE3); and Measles, mumps, and
rubella vaccine �rst dose (MMR1) (Table 1).

Crude and age-appropriate vaccine coverage

The proportion of children who received the routine vaccines regardless of the age at which they received the
vaccine was considered as crude vaccine coverage.
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The age-appropriate vaccination was de�ned as children who received a vaccine dose within the
recommended age according to the immunization schedule of  National immunization Programme (NIP)
Nepal, (Table 1),14 plus 30 days grace period after the due date. The grace period for age-appropriate
vaccination was decided based on previous studies.20,21 The administration date of the vaccines was
calculated by subtracting the date of birth from the date of the vaccination. Children receiving the vaccines
after the recommended age-range were considered to have received delayed vaccination. Vaccines
administered before the recommended age-range was de�ned as early vaccination. Children who had been
marked as not given vaccines or marked as given vaccines, but no date found on the mother and child health
book or vaccination card were considered as children not vaccinated.

Statistical analysis

The proportion of crude and age-appropriate vaccine coverage with 95% con�dence interval (CI) were
calculated for each vaccine dose at national and regional levels. To analyse the timeliness of the vaccines
administered according to the immunization schedule of NIP Nepal, we used Kaplan-Meier product limit
method. Due to the multi-stage sampling method, all the analyses were adjusted to the sampling weight.

 Next, we used multivariate logistic regression to investigate the association between age-appropriate
vaccination and socioeconomic variables, as well as characteristics of the children and their parents, including
gender of the children, mothers’ age, mothers’ education, socio-economic status of households, religion of
household heads, ethnicity, area of residence, mothers’ occupation, and season of childbirth. To select the
covariates, we used the backward stepwise variable selection method with cut-off level at p < 0.05. The
regression models included random effects at cluster levels to control for correlation among different clusters.
The restricted maximum likelihood method was used to estimate the regression parameters. P value < 0.05
was considered for statistical signi�cance. STATA/SE 15.1 and R programming were used to analyse the data
and create geospatial mapping.

We used the STROBE cross-sectional reporting guidelines, the standard guidelines to report cross-sectional
study.22

Results
Sample characteristics

460 eligible children aged between 12-36 months were included in the analyses: 54.6% (n=251) were male,
54.4% (250) children had mothers aged between 25 and 44 years and 56.2% (258) children had mothers
having secondary school or higher education background (Table 2). Out of total sample population, 46.2%
(213) belonged to Dalit and Janjati ethnicity and 44.5% (205) lived in rural areas.  70.4% of mothers had
antenatal visit more than three times during the pregnancy. (Table 2).

 

Crude and age-appropriate vaccine coverage



Page 5/22

The crude vaccination coverage ranged from 91.5% (95% CI, 88.5-93.7) for PE3 to 97.8% (95.8-98.7) for BCG.
Although the crude coverage of all the vaccines was above 90%, the age-appropriate coverage was
signi�cantly low ranging from 41.5% (36.5-46.6) for PE3 to 73.9 % (69.2-78.1) for PE1. (Table 3)

 

Figure 1 and �gure 3 show the age-appropriate coverage of BCG, vaccine at national and regional level. As
shown in �gure 1 and table 3, 54.6% (95% CI, 49.3-59.7) of the children were vaccinated for BCG within the
recommended age-range. At regional level, Province 3 has the highest age-appropriate coverage that was
73.3% (59.6-83.6) followed by Province 4 that was 70.7% (56.8-81.7). Province 2 had the lowest age-
appropriate BCG coverage which was 31.9% (20.4-46.0) followed by Province 6, 44.9% (25.5-65.9) (Figure 3).

For the MMR1 vaccine, 53.8% (95% CI, 48.5-59.0) of the children were vaccinated within the recommended
age-range (Figure 1 and table 3). The proportion of delayed vaccination was 31.2% (30.3-40.4) (Table 3). At
regional level, Province 4 has the highest age-appropriate coverage for MMR1 vaccine 65.4% (51.1-77.4)
followed by Province 6, 63.3% (39.3-82.1). Similar to OPV and PE vaccine, Province 2 has the lowest age-
appropriate coverage for MMR1, 36.1% (24.3-49.9) (Figure 3).

 

Figure 2 and �gure 4 shows the age-appropriate coverage of OPV1-OPV3 (OPV1, OPV2, and OPV3) vaccines
received by children over time at national and regional levels. As shown in �gure 2 and Table 3, for the OPV1
vaccine 73.13% (95% CI, 68.3-77.5) of the children received it at recommended age. For OPV second and third
doses (OPV2 and OPV3) these number were 60.1% (54.9-65.1) and 41.7% (36.7-46.9), respectively. The
proportions of delayed vaccination for OPV1, OPV2, and OPV3 were 21.8% (17.9-26.4), 38.1% (33.2-43.2), and
57.9% (52.7-62.9) respectively (Table 3). At regional level, Province 4 has the highest age-appropriate coverage
of OPV1, and OPV2 while Province 3 has highest age-appropriate coverage of OPV3 vaccines. Province 2 has
the lowest age-appropriate coverage for all doses of OPV vaccine (Figure 4).

 

Figure 2 and �gure 5 presents children who received age-appropriate PE1-PE3 (PE1, PE2, and PE3) vaccines
over time at national and regional levels. For PE1-PE3 vaccines, 73.9% (95% CI, 69.2-78.1), 60.6% (55.6-65.4),
and 41.2% (36.5-46.6) children were vaccinated within the recommended age-range respectively (Table 3). The
proportions of delayed vaccination for PE1, PE2, and PE3 were 21.4% (17.5-25.8), 37.8% (33.1.7-42.9), and
58.4% (53.3-63.3). At regional level, Province 4 has the highest age-appropriate coverage for the �rst dose of
pentavalent vaccine; 84.9 (72.4-92.3) followed by Province 3; 84.3 (72.9-91.5). Province 3 had highest age-
appropriate coverage of second and third doses of pentavalent vaccine; 72.5% (60.0-82.2), and 57.0 (44.1-
68.9) respectively. Province 2 has the lowest age-appropriate coverage for all the doses of PE vaccine among
all (Figure 5). 

 

Factors associated with age-appropriate vaccination of BCG, OPV1-OPV3, PE1-PE3 and MMR vaccines
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The signi�cant results from multilevel logistic regression models are shown in Table 4 and table 5. The
regression analysis showed that the children born in spring and winter had signi�cantly higher odds of
receiving age-appropriate BCG vaccines (odds ratio [OR], 2.34, 95% CI, 1.21-4.54) for spring, (3.86, 1.83-8.13)
for winter compared to those born in summer. Children in Province 2 and Province 6 have signi�cantly lower
odds of receiving timely vaccination for BCG, OPV1, OPV2, PE1, and PE2 compared to children in other
provinces. (Table 4 and table 5). Other factors did not show signi�cant association. 

Discussion
Full bene�ts of vaccination could be attained through high coverage and timely administration. Nepal has
already met the immunization target set by WHO to attain 90% coverage for most of the childhood vaccines.
The 2018 annual report provided by the Health Ministry of Nepal, states that the crude coverage of all most all
the vaccines were above 90%. The crude coverage reported for some vaccines such as BCG was 98% which
aligns with our study result.15 However, according to our study �ndings, the age appropriate coverage of these
vaccines is signi�cantly low. For instance, the age-appropriate coverage of BCG vaccine is below 60% at
national level.

Although immunization program has been considered successful in Nepal with target coverage being met,23

low age-appropriate coverage of these vaccines remains a big issue. Several studies conducted in similar
settings in different countries estimated low age-appropriate coverage of childhood vaccines.12,20,24-27 The
recent increase in number of measles and tuberculosis cases in Nepal could be attributed to untimely
vaccination in Nepal.17,28 The reasons behind the low age-appropriate vaccines coverage rate might include a
lack of awareness about the immunization schedule, low socio-economic status, hard to access health care
facilities, reluctancy in administering vaccines, hesitancy of parents regarding vaccination, insu�cient
infrastructure to transport and store the vaccine in hard to reach areas, and occurrence of unusual events such
as natural disaster, disease outbreak (pandemic situation).20,26,27,29-33

The huge earthquake of 2015 in Nepal signi�cantly affected the healthcare services in different provinces
throughout the country.34 Our study was conducted after the earthquake. Therefore, it is highly possible the
2016 earthquake could have a signi�cant effect on health care facilities and leading to delay in vaccination
and resulting in low age-appropriate coverage. Similar to that situation, it could be inferenced that the Covid19
outbreak would affect the vaccination program in different regions and would increase the risk to the
resurgence of VPD.35 Therefore, to cope with the unforeseen circumstances such as natural disasters and
disease outbreaks, the central government along with the local government should focus on capacity building
for disaster preparedness, improve basic infrastructure, mostly in hard to reach areas, and strengthen
community healthcare facilities. Furthermore, the provincial governments should focus on planning and
setting framework based on the local situation at regional levels.

In this study we found that along with low age-appropriate coverage, the timely coverage of later doses of
vaccines subsequently declines compared to the former doses. For instance, timely coverage of second and
third doses of OPV and PE vaccines signi�cantly decreases as compared to its respective �rst dose. This result
is similar to those found in the neighbouring countries such as Bangladesh and Pakistan.26,36 One of the
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possible explanations for this could be the increasing workload of mothers and increase in domestic activities
while the child became older. Another explanation could be the adverse events such as fever, pain or swelling
on the injection site, following the prior doses that would restrain mothers for the next appointment.37,38

Furthermore, parents’ perception that the later doses are not as important as the �rst dose, and reluctancy to
follow up could explain the existing low age-appropriate coverage for later doses.29,38

At regional level, high disparity was observed in the age-appropriate vaccination coverage. In Province 2 and
Province 6 the timely vaccination coverage was lower compared to that in other regions. Though,
geographically Province 2 is easily accessible, the lower vaccination coverage could be due to low literacy rate,
hesitancy towards vaccination, knowledge and attitude about the immunization program, lack of proper health
care infrastructure in rural areas, and other cultural barriers.39-41 In case of Province 6 the lower age
appropriate coverage could be due to hard to reach terrain, lack of awareness about the immunization
schedule, lack of su�cient infrastructure such as transportation and storage facilities, and lack of human
resource in health sector.32,33 Province 3 had the highest coverage of almost all the vaccines as it is the central
region with most of the areas urbanized and developed.19,41

As highlighted in the previous study20, the analysis of vaccine data using the DHS has several limitations.
First, only children who had vaccination records in the mother and child health book (the vaccination card)
were included. Exclusion of children without vaccination records might lead to overestimation of the
vaccination coverage and timeliness if these children were less likely to receive adequate vaccinations.
Children who were excluded from our analyses due to missing data on vaccination were more likely to be from
the poorest household as compared with those included in the study. Second, age-appropriate vaccination
coverage among children can be in�uenced by many other factors, including those related to access to health
care services, knowledge, attitudes, and practices of parents and providers. The variables investigated in this
study were limited to those available in DHS. Third, due to signi�cant missing data and long administration
period (between 4 to 6 years of age) of second dose of MMR vaccines we could not include it in the study.
Finally, both early and delayed vaccinations were analyzed as a single category. Investigation of each of these
types of untimely vaccinations is a topic for future studies.

Conclusion
This is the �rst national level study conducted in Nepal focusing on the timeliness of childhood vaccination.
Our study showed that although the crude coverage of childhood vaccines is above 90%, the age-appropriate
coverage of these vaccines is signi�cantly low at national and subnational levels. The national immunization
program is solely focused  on attaining high crude coverage while neglecting the importance of timeliness of
the vaccines administered. The signi�cantly low age-appropriate coverage of all the childhood vaccines at
national and subnational level emphasizes the importance of formulating effective policies at national and
subnational levels to improve the age-appropriate coverage rate. Increased focus on promoting awareness
about the immunization schedule in several regions, particularly, in the provinces with signi�cantly low age-
appropriate coverage (Province 2 and Province 6) is of prime importance. This could be done through the use
of smart phone/mobile phones (mHealth), which has been effective strategy to improve vaccination coverage
in several countries.42,43 Promoting and strengthening community healthcare facilities is important to reduce
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the negative impact of unforeseen circumstances such as the natural disasters and disease outbreaks on the
immunization program.
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Tables
Table 1: The national immunization schedule, Nepal14

Name of vaccines At birth

(at 0-30
day)

6 weeks of

age (at  42-
72 day)

10 weeks of

age (at 70
-100 day)

14 weeks of

age (at 91-
121 day)

9 months of

age (at 274-
304 day)

BCG BCG0        

OPV   OPV1 OPV2 OPV3  

Pentavalent (DPT, Hep
B, and Hib)

  Penta1 Penta2 Penta3  

MMR         MMR 1

BCG-Bacillus Calmette-Guerin vaccine; OPV-Oral Polio vaccine; DTP-Diphtheria, Tetanus, and Pertussis vaccine;
Hep B Hepatitis B vaccine; Hib-Hemophilus in�uenzae type b vaccine; MMR-Measles, Mumps, and Rubella
vaccine; numbers indicate a dose order.

 

Table 2: Sample characteristic of 460 children aged 12-36 months, in Nepal, 2016.

http://cbs.gov.np/nada/index.php/catalog/37/study-description
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Variables Number Proportion (%)

Gender    

Male 251 54.6

Female 209 45.4

Mother's age    

15-24 210 45.6

25-34 218 47.4

35-44 32 7.0

Mother's education    

No formal education 104   22.6

Primary level education 98 21.2

Secondary level education 172 37.5

Higher education 86 18.7

Ethnicity    

Bhrahmin/Chettri 142 30.8

Dalit and Janjati 213 46.2

Newar 18           3.9

Muslim 18 4.1

Others 69 15.0

Area of residence    

Urban 255 55.5

Rural 205 44.5

Province    

Province 1 72 15.6

Province 2 78 16.9

Province 3 83 18.2

Province 4 57 12.4

Province 5 102 22.1

Province 6 28 5.9

Province 7 40 8.9

Season of childbirth    
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Winter 139 30.2

Spring 120 26.1

Summer 100 21.7

Autumn 101 22.0

ANC visits    

Not visited 15 3.4

Visited once 13 2.9

Visited twice 22 4.6

Visited 3 times 47 10.1

Visited more than 3 times 324 70.4

Missing 39 8.6

ANC-Antenatal care. The given sample size is adjusted to the survey sample weight.

 

Table 3: Crude and age-appropriate vaccination coverage in Nepal  (n=460)
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Vaccines Crude
coverage

Age-
appropriate
coverage

Early
vaccination

Delayed
vaccination

Proportion (95%
CI)

Proportion (95% CI) Proportion, 95% CI Proportion, 95% CI

BCG 97.77 (95.85-
98.75)

54.58 (49.33-59.73) - 45.41 (40.26-50.67)

OPV1 96.19 (94.00-
97.60)

73.13 (68.31-77.46) 5.03 (3.20-7.84) 21.83 (17.86-26.39)

OPV2 95.56 (93.23-
97.10)

60.13 (54.97-65.07) 1.82 (0.85-3.86) 38.05 (33.17-43.18)

OPV3 94.38 (91.86-
96.16)

41.74 (36.72-46.93) 0.36 (0.06-2.00) 57.91 (52.71-62.94)

Penta1 97.69 (95.83-
98.73)

73.94 (69.24-78.14) 4.70 (2.97-7.38) 21.35 (17.49-25.80)

Penta2 97.21 (95.22-
98.38)

60.61 (55.56-65.44) 1.56 (0.69-3.46) 37.83 (33.05-42.86)

Penta3 91.49 (88.55-
93.73)

41.48 (36.54-46.59) - 58.38 (53.26-63.31)

MMR1 96.15 (93.94-
97.57)

53.83 (48.53-59.04) 11.00 (8.10-14.77) 35.17 (30.30-40.38)

CI-Con�dence interval; BCG-Bacillus Calmette-Guerin vaccine; OPV-Oral Polio vaccine; DTP-Diphtheria, Tetanus,
and Pertussis vaccine; Hib-Haemophilus in�uenzae type b vaccine; MMR-Measles, Mumps, and Rubella
vaccine; numbers indicate a dose order.

 

Table 4: Multilevel logistic regression results for BCG and MMR1 vaccine (n=460)
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Variables Odds ratio (95% CI) for age-appropriate vaccination

  BCG MMR1

Province    

Province 3 1.00 (ref1) 1.00 (ref)

Province 1 0.53 (0.19-1.47) 0.66 (0.21-2.07)

Province 2 0.21 (0.07-0.67)** 1.42 (0.40-5.05)

Province 4 0.82 (0.29-2.31) 0.55 (0.17 -1.77)

Province 5 0.31 (0.11-0.85)* 0.90 (0.29-2.76)

Province 6 0.28 (0.09-0.88)* 0.57 (0.17-1.90)

Province 7 0.70 (0.24-2.05) 0.86 (0.27-2.71)

Season of childbirth    

Summer 1.00 (ref) 1.00 (ref)

Spring 2.34 (1.21-4.54)* 1.21 (0.56-2.60)

Autumn 1.63 (0.81-3.27) 1.46 (0.66-3.23)

Winter 3.86 (1.83-8.13)*** 1.84 (0.81-4.19)

CI- Con�dence interval; ref-reference; BCG-Bacillus Calmette-Guerin vaccine; MMR-Measles, Mumps, and
Rubella vaccine; * p < 0.05; ** p < 0.01; p < 0.001; Random effect at PSU level was incorporated to account for
survey design.

 

Table 5: Multilevel logistic regression results for OPV1-OPV3 and PE1-PE3 (n=460)
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Variables Odds ratio (95% CI) for age-appropriate vaccination

OPV1 OPV2 OPV3 PE1 PE2 PE3

Province            

Province 3 1.00 (ref) 1.00 (ref) 1.00 (ref) 1.00 (ref) 1.00 (ref) 1.00 (ref)

Province 1 0.72 (0.20-
2.54)

0.34 (0.10-
1.10)

0.45 (0.17-
1.15)

0.79 (0.27-
2.30)

0.44 (0.14-
1.31)

0.60 (0.28-
1.27)

Province 2 0.23 (0.07-
0.82)*

0.14 (0.04-
0.53)**

0.21 (0.07-
0.66)**

0.26 (0.08-
0.91)*

0.17 (0.05-
0.60)**

0.26 (0.11-
0.62)*

Province 4 1.27 (0.36-
4.55)

0.73 (0.20-
2.62)

0.63 (0.26-
1.54)

2.04 (0.66-
6.31)

1.02 (0.31-
3.31)

1.09 (0.56-
2.13)

Province 5 0.95 (0.30-
3.00)

0.69 (0.21-
2.26)

0.52 (0.22-
1.22)

1.29 (0.45-
3.66)

1.11 (0.36-
3.41)

0.86 (0.48-
1.53)

Province 6 0.30 (0.09-
0.97)*

0.25 (0.07-
0.87)*

0.46 (0.15-
1.43)

0.28 (0.09-
0.89)*

0.27 (0.08-
0.88)*

0.57 (0.22-
1.49)

Province 7 0.75 (0.23-
2.43)

0.58 (0.17-
2.02)

0.87 (0.34-
2.20)

0.92 (0.30-
2.75)

0.79 (0.25-
2.50)

1.22 (0.61-
2.44)

Wealth
quintile

           

Poorest 1.00 1.00 1.00 1.00 1.00 1.00

Poorer 1.58 (0.69-
3.64)

0.87 (0.40-
1.89)

0.91 (0.46-
1.83)

1.13 (0.58-
2.18)

0.83 (0.41-
1.66)

0.99 (0.54-
1.81)

Middle 0.91 (0.40-
2.08)

0.97 (0.43-
2.18)

0.76 (0.35-
1.63)

0.63 (0.30-
1.32)

0.91 (0.43-
1.92)

0.74 (0.35-
1.58)

Richer 2.19 (0.78-
6.09)

1.11 (0.44-
2.81)

0.85 (0.37-
1.92)

1.25 (0.47-
3.29)

0.97 (0.43-
2.22)

0.81 (0.36-
1.80)

Richest 1.17 (0.38-
3.63)

1.10 (0.39-
3.11)

1.39 (0.62-
3.16)

0.74 (0.25-
2.14)

0.80 (0.29-
2.17)

1.07 (0.49-
2.32)

Season of
childbirth

           

Summer 1.00 (ref) 1.00 (ref) 1.00 (ref) 1.00 (ref) 1.00 (ref) 1.00 (ref)

Spring 0.61 (0.29-
1.30)

0.55 (0.26-
1.17)

1.24 (0.63-
2.47)

0.83 (0.34-
2.00)

0.60 (0.30-
1.17)

1.15 (0.55-
2.41)

Autumn 0.81 (0.35-
1.89)

0.86 (0.38-
1.95)

1.63 (0.80-
3.34)

0.96 (0.46-
2.00)

0.89 (0.44-
1.81)

1.54 (0.81-
2.92)

Winter 0.72 (0.30-
1.70)

0.91 (0.43-
1.92)

1.82 (0.98-
3.39)

0.83 (0.42-
1.66)

0.91 (0.47-
1.75)

1.63 (0.93-
2.85)

CI-Con�dence interval; ref-reference; OPV-Oral Polio vaccine; DTP-Diphtheria, Tetanus, and Pertussis vaccine;
Hep B-Hepatitis B vaccine; Hib-Hemophilus in�uenzae type b vaccine; numbers indicate a dose order; * p <
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0.05; ** p < 0.01; p < 0.001 ; Random effect at PSU level was incorporated to account for survey design.

 

Figures

Figure 1



Page 19/22

Age-appropriate coverage of BCG and MMR1 vaccines at national level in Nepal, 2016. Note: BCG-Bacillus
Calmette-Guerin vaccine; MMR1-Measles, Mumps, and Rubella vaccine, 1st dose. CI-Con�dence interval

Figure 2

Age-appropriate coverage of OPV and PE vaccines at national level in Nepal, 2016. Note: OPV-Oral Polio
vaccine; Penta1, Penta2, Penta3- Pentavalent vaccines doses 1-3 (DTP-Diphtheria, Tetanus, and Pertussis
vaccine; Hep B- Hepatitis B vaccine; Hib-Hemophilus in�uenzae type b vaccine); CI-Con�dence interval.
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Figure 3

Age-appropriate coverage of BCG and MMR vaccines l at regional level in Nepal, 2016. Note: 1,2,3,4,5,6 and 7
are the respective provinces in Nepal. Note: BCG-Bacillus Calmette-Guerin vaccine; MMR1-Measles, Mumps,
and Rubella vaccine, 1st dose. CI-Con�dence interval. Note: The designations employed and the presentation
of the material on this map do not imply the expression of any opinion whatsoever on the part of Research
Square concerning the legal status of any country, territory, city or area or of its authorities, or concerning the
delimitation of its frontiers or boundaries. This map has been provided by the authors.
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Figure 4

Age-appropriate coverage of Oral polio vaccines doses 1-3 at regional level in Nepal, 2016. Note: 1,2,3,4,5,6 and
7 are the respective provinces in Nepal. Note: The designations employed and the presentation of the material
on this map do not imply the expression of any opinion whatsoever on the part of Research Square concerning
the legal status of any country, territory, city or area or of its authorities, or concerning the delimitation of its
frontiers or boundaries. This map has been provided by the authors.
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Figure 5

Age-appropriate coverage of Pentavalent vaccines doses 1-3 at regional level in Nepal, 2016. Note: 1,2,3,4,5,6
and 7 are the respective provinces in Nepal. Note: The designations employed and the presentation of the
material on this map do not imply the expression of any opinion whatsoever on the part of Research Square
concerning the legal status of any country, territory, city or area or of its authorities, or concerning the
delimitation of its frontiers or boundaries. This map has been provided by the authors.


