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Abstract 

Background COVID-19-related lockdowns had resulted in overburdening on health services. The lockdowns 
along with anxiety of the disease have resulted in delay in routine vaccination of many under-5 children. The current 
study was undertaken to understand the extent of the delay in under-5 vaccination during COVID-19-related lock-
down in March-December 2020.

Methods It was a cross-sectional study conducted during January-December 2021. Study population was under five 
children due for vaccination during the first COVID-19 lockdown at March-December 2020. Vaccination cards were 
used to confirm the status of vaccination, and questionnaire was used to study the attitude of parents towards vacci-
nation and reasons for delay in vaccination, if any. The calculated sample size was 1434. But cluster random sampling 
method was applied; hence, 2274 subjects were included in the study. Statistical analysis was done using IBM SPSS-
22™, using descriptive statistics and chi-squared test.

Results Percentages of children with delayed vaccination ranged from lowest for “at birth dose” (12.47%) to high-
est for “9th month dose, i.e. MR vaccine” (54.29%). Majority of parents stated lockdown and risk of COVID-19 infection 
as to be reason of the delay in vaccination. There was no uniform association between vaccination delay and attitude 
of parents towards vaccination.

Conclusion COVID-19 pandemic and subsequent lockdown are the reasons stated by majority of parents 
with delayed vaccination in their children. This could be important lesson to plan for such contingencies for develop-
ing health services in future.
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Background
Childhood immunization is one of the key public health 
interventions adopted globally in the twentieth cen-
tury. After the successful eradication of smallpox, WHO 
launched expanded immunization programme in 1974. 
At the launch of programme, the vaccine coverage in 
developing countries was meagre. In spite of many hur-
dles and shortcomings, the programme has helped in 
improving the vaccination coverage and also expanded 
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the cover multiple diseases impacting from childhood to 
adulthood [1].

Following the outbreak of COVID-19 in Wuhan prov-
ince of China in 2019, it spreads globally. It caused global 
lockdown resulting in disruption of economic and other 
day-to-day human activities [2].  Most of the countries 
experienced acute increase in cases of COVID-19, which 
lead to overburdening on healthcare staff and disruption 
of various routine health services [3].

Routine immunization programme is one of key 
areas of health services, which was affected due to the 
COVID-19 pandemic. In May 2020, WHO and UNICEF 
estimated that due to missed or delayed vaccination, 80 
million infants from 68 countries may face increased risk 
to vaccine-preventable diseases like diphtheria, measles 
and polio. Fear of venturing out during lockdowns in the 
minds of parents, lack of transportation facilities, fear of 
COVID-19 infections and lack of health workers were 
some of the important reasons for the disruption of these 
services [4]. The impact was prominent in the developing 
countries from Africa and Asia like Ghana, Zimbabwe, 
Libera, Vietnam and Pakistan [5].

India launched its vaccination programme in 1978 and 
which gradually developed into one of the world’s big-
gest programme serving 300 million women and 260 mil-
lion infants. It includes free vaccination for the children 
against many vaccine-preventable diseases like hepati-
tis B, polio, measles, diphtheria, pertussis, tetanus and 
rubella  [6].  Following the elimination of polio, India is 
attempting to eliminate measles, with the help of intensi-
fied vaccination efforts [7].  Such efforts were hampered 
during COVID-19 pandemic, lowering the vaccination 
coverage [8].

The current research was conducted with objectives of 
finding the extent of under-5 vaccination coverage and 
delay during COVID-19 lockdown, assessing the attitude 
of parents towards vaccination and studying the reasons 
for the delay, in an urban area from Sangli district of 
Maharashtra state, India.

Methods
Study settings
It was a cross-sectional study, conducted in an urban 
area from the field practice area of a medical college from 
Sangli district of Maharashtra, India. The study was con-
ducted from June 2021 to March 2022.

Permissions and consents
Institutional ethical committee approval, permissions 
from the relevant authorities and the written informed 
consent from each participant were acquired. The study 
population were children under the age of 5 years dur-
ing March to December 2020, i.e. during first COVID-19 

wave and lockdown. All the government advisory precau-
tions on COVID-19 and lockdown were meticulously fol-
lowed for the data collection.

Study procedure
Sampling technique applied was cluster random sam-
pling, The municipal corporation is divided in territo-
rial constituencies known as wards. A ward was selected 
randomly; mapped and visits were conducted to all the 
houses in the ward. In the households with children 
belonging to targeted age groups, parents were requested 
to participate in the study. The information regarding the 
study subjects and consent for participation was acquired 
from the parents/reliable informant. The exclusion cri-
teria were non consent by parent(s), closed house and 
unavailability of the vaccination card at the time of data 
collection. If the household had more than one eligible 
child, then separate proforma was filled for each of them. 
After the completion of data collection, required vacci-
nation counselling was given to the parents. Children 
who had missed vaccination at the time of data collec-
tion were noted, their parents were counselled, and with 
their consent, the information was shared with medical 
social worker (MSW) for follow-up. It was ensured with 
the help of MSW that those children received the missed 
dose and date of vaccination noted in the original data 
collection sheet. It was decided that the parents of chil-
dren with missed vaccination, not consenting for the fol-
low-up by the MSW and subsequent vaccination, should 
be considered as consent withdrawal from the study. 
However, we did not encounter any such case, and all 
the “missed” children were vaccinated. Choudhary et al. 
reviewed the data of NFHS-IV (2015–2016); he observed 
timeliness of OPV3 was lowest at 35%, i.e. delay of more 
than week in 65% children. Hence, 65% was considered 
as expected proportion for our study [9]. The calculated 
minimum sample size (confidence level at 99%, absolute 
precision at 5%) was 1434, but due to sampling method, 
the data was collected for 2274 study subjects.

Vaccination cards were used to confirm the dates of 
vaccination and date of birth of the child. For the purpose 
of the study, only the vaccines under Universal Immuni-
zation Programme (UIP) in the study area, until 5 years 
of age, were considered, and the optional vaccination or 
additional vaccines recommended by professional bod-
ies like Indian Academy of Paediatricians (IAP) were not 
considered.

There is no universally accepted definition for “delayed 
vaccination”. It varies based on vaccine in question, study 
area and many other factors. In the literature, the defini-
tion of “delayed vaccination” varies from the strict defi-
nition of postponement of even a single day to loose 
definition of 30- to 90-day postponement [9–11].  In our 
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study area, health facilities follow a practice of reserving 
a fixed day of a week for vaccination, to avoid wastage of 
vaccine vials and other resources (e.g. vaccination may 
be available every Thursday). This practice may inevitably 
result in a waiting period of up to 7 days from the expected 
date of vaccination. Hence, operational definition for the 
“delayed vaccination” in our study was vaccination post-
ponement by more than 7 days from the expected date. 
We also took in account the minimum required interval 
while calculating expected date of vaccination. Hence, e.g. 
if dose 1 (6 week) was delayed, that does not automatically 
mean that dose 2 (10 weeks) was automatically delayed as 
the new expected date 4 weeks apart was applied.

Dose Vaccines given under UIP (considered for this 
study)

Dose 0 (at birth) BCG, OPV, hepatitis B birth dose

Dose 1 (6 weeks) OPV-1, pentavalent-1, Rotavirus vaccine-1 (RVV), 
fractional dose of inactivated poliovirus vaccine 
(fIPV-1)

Dose 2 (10 weeks) OPV-2, pentavalent-2, RVV-2

Dose 3 (14 weeks) OPV-3, pentavalent-3, RVV-3, fIPV-2

Dose 4 (9 months) Measles and rubella (MR)-1

Dose 5 (18 months) MR-2, diphtheria-pertussis-tetanus (DPT) booster-1, 
OPV

Dose 6 (60 months) Diphtheria-pertussis-tetanus (DPT) booster-2

Study tool
A pretested study questionnaires was used to collect the 
data from the parents. The initial section of proforma 
had basic information like birth date of child and moth-
er’s education; the second section was for noting dates 
of vaccination from vaccine cards, and final section had 
questions regarding attitude of parents towards vacci-
nation and reasons for delay in vaccination, if any. Only 
the information regarding vaccines and reasons for their 
delay, if any, which were due during the March to Decem-
ber 2020 were noted and included in the study. The pro-
forma was finalized after pilot study.

Statistical analysis
Analysis was done using IBM SPSS-22™ and Microsoft 
 Excel™ 2007. For the simplicity of presentation, the data 
is presented in the form of doses, which represent all the 
vaccines given at that age; individual vaccines are not 
considered.

Median, interquartile range, percentage and chi-square 
were the statistical tests applied. Data from the pilot 
study and incomplete proforma were not included in the 
final analysis.

Results
Data was collected for 2274 children; however, as 
some children were due for multiple vaccines during 
the March to December 2020, the table total is higher. 
The children who were expected to receive vaccination 
from dose 0 to dose 6 are 489, 539, 530, 520, 501, 510, 
and 68 respectively (master chart attached in supple-
mentary material).

Missed or delayed vaccination
Two-hundred and twenty-one children (9.7%) had 
missed a vaccine at the time of data collection. Lowest 
percentage of missed dose was for “dose 0” 5 (1%), and 
highest was for “dose 6” 18 (26.5%). Their parents were 
counselled and followed up for the completion of vac-
cination (Fig. 1).

Median age of vaccination for all the doses is dis-
played in Table  1. If we considered the difference 
between expected age of vaccination and the median 
age at the time of actual vaccination, the difference was 
lowest for dose 0 and showed increasing difference with 
latter doses. However, this trend is not linear.

Delay for “dose 0” was observed in least percentage 
of children (12.47%), while delay for “dose 4, i.e. MR 
vaccination” was observed in highest percentage of 
children (54.29%). The median delay (in days) was low-
est for “dose 0” and highest for “dose 3” and “dose 5” 
(Table 2).

Reasons for delay in vaccination
The presence of lockdown and risk of COVID infec-
tions were the most commonly accepted reasons by 
the parents for delay in vaccination. These two reasons 
attributed to over 80% delay for “dose 0”, 88–90% for 
“dose 1” to “dose 5” and 100% for “dose 6” (Table 3).

Attitude of parents
Majority of parents had good attitude towards vac-
cination. The attitude was better among the parents, 
whose children were due for latter dose of vaccination 
(i.e. older children) as compared to those due for earlier 
dose (Table 4).

Statistically significant association was not observed 
between mother’s education and delay in vaccination, 
except for dose 1 (chi-squared value = 5.624, df = 1, 
p-value = 0.018). However, for every vaccination dose, 
it was observed that within college educated/higher 
educated mother’s group, the percentage of delayed 
vaccination was lower as compared to non-delayed 
ones.

There is no statistically significant difference in atti-
tude of parents with the delay in vaccination, except 
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for dose 5 (chi-squared value = 15.781, df = 1, p-value 
= 0.00). The relationship of poor attitude and delayed 
vaccination was not uniform. For dose 0, dose 1, dose 2 
and dose 3, higher percentage of parents with poor atti-
tude had the delayed vaccination in their children. But 

for remaining doses, the percentages show the opposite 
trend.

Discussion
We observed that 9.7% of children had missed vaccina-
tion, who were later vaccinated with the help of MSW. 
Based on this finding, we can state that 90.3% of chil-
dren did get their expected dose of vaccine, either in 
time or delayed during the period of March-December 
2020. The dose 0 (BCG, OPV, hepatitis B birth dose) 
was received by 99% of children, with reducing trend in 
subsequent vaccines. The National Family Health Sur-
vey (NFHS)-5 collected during 2019–2021 observed 
the coverage for BCG at 95%; DPT 1 to 3 at 94%, 91% 
and 87%, respectively, and measles coverage at 88% [12]. 
Coverage in our study is slightly better than NFHS-5 
data, but the difference is minor and can be attributed 
to the fact that NFHS-5 is a multicentric survey. Bagh-
dadi et  al. conducted a similar survey in Saudi Arabia 

Fig. 1 Missed vaccination according to dose of vaccine

Table 1 Median age at each vaccination of the study 
participants

Dose Total samples Median age 
at vaccination 
(interquartile range)

Dose 0 (at birth) 489 4 (1, 6) days

Dose 1 (6 weeks) 539 6.7 (6, 8.6) weeks

Dose 2 (10 weeks) 530 11 (10, 14.4) weeks

Dose 3 (14 weeks) 520 15.1 (14, 19.6) weeks

Dose 4 (9 months) 501 9.4 (9, 10.3) months

Dose 5 (18 months) 510 18.3 (18, 19.2) months

Dose 6 (60 months) 68 60.2 (60, 60.5) months

Table 2 Children receiving delayed vaccination along with median delay (in days)

Dose Total samples Children with delayed vaccination Mean delay 
(interquartile 
range) in days

Dose 0 (at birth) 489 61 (12.47%) 17 (10, 29)

Dose 1 (6 weeks) 539 208 (38.59%) 29.5 (12, 48)

Dose 2 (10 weeks) 530 260 (49.06%) 31 (14, 61.75)

Dose 3 (14 weeks) 520 270 (51.92%) 37 (16, 68.25)

Dose 4 (9 months) 501 272 (54.29%) 36 (25, 68)

Dose 5 (18 months) 510 259 (50.78%) 37 (21, 72)

Dose 6 (60 months) 68 19 (27.94%) 20 (15, 25)
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[13].  The observation regarding missed vaccination 
was similar to our observation, i.e. birth dose was least 
missed vaccine, and proportion of missed vaccination 
increased with age.

In our study for most of the vaccines, the median age of 
children at the time of vaccination was within a week of 
desirable age of vaccination. However, the median delay 
among the children receiving “delayed vaccination” was 
considerably high. This suggests that parents who had 
passed over the expected date of vaccination had delayed 
the vaccination for weeks and in some cases for months. 
Smith et  al. (2010) in the USA and Stein-Zamir and 
Israeli (2017) had observed that early vaccination delay 
results in less likely completion of all the vaccination 
within recommended age [14, 15].  Thus, the delay goes 
on compounding.

The percentage of children with delayed vaccination 
varied from lowest 12.47% for dose 0 (BCG, OPV, hepa-
titis B birth dose) to highest 51.92% for measles-rubella 
vaccine (9th month) dose. The study area is an urban 
area with good health infrastructure including two 
medical colleges, multiple government health centres 
and hundreds of private practitioners. Despite all these 
facilities, about 10% of missed vaccination and very 

high percentage of delayed vaccination are worrisome. 
The delay for measles dose may hamper the measles 
— rubella elimination efforts [7].  Vaccination timeli-
ness is a neglected aspect as compared to vaccination 
coverage. But timeliness is also important, as the delay 
increases susceptibility to infection and its potential 
complications. Gurrero F. (USA) has observed delay in 
vaccination due to complacency of success achieved in 
immunization and low incidence of disease. The author 
has concluded this as a threat to the development opti-
mal immunity and can pose a risk in future [16].  On 
reviewing the data of NFHS-4 (2015–2016), Chowd-
hury et  al. had observed that BCG, DPT-1st dose and 
measles were delayed in 23.1%, 29.3% and 34.8% chil-
dren, respectively [17].  This study data precedes our 
data by 4–5 years; hence, better coverage and timeli-
ness in our study are expected. We had more strict defi-
nition for vaccination delay as compared to Chowdhury 
et  al.; hence, we cannot directly compare the results. 
The timeliness for the BCG was quite good in our study. 
This could be attributed to the substantial increase in 
institutional deliveries in 2019–2021 as compared to 
2015–2016 [12].

Lockdown and risk of COVID-19 infection were the 
reasons given by majority (80% and above) of parents 
for delay in vaccination. Similar observations were 
made by Baktır and Kara in Türkiye, who found that 
fear of contracting COVID-19 was the most common 
reason for not being vaccinated during the pandemic 
[18].  We observed that most of the parents had good 
attitude regarding vaccination. A higher percentage of 
parents with older children had a better attitude than 
younger children. This may be due to experience and 
potentially repeated counselling at the time of each 
visit for vaccination. However, there was no uniformity 
when considering good attitude and timeliness of vacci-
nation. This reflects that the anxiety related to COVID, 
and impact of lockdown, outweighed the attitude and 

Table 3 Reasons for delay in vaccination according to the parents

Dose Children with delayed 
vaccination

Reasons for delay

Lockdown Risk of COVID infection Others

Dose 0 (at birth) 61 28 (45.9%) 21 (34.4%) 12 (19.7%)

Dose 1 (6 weeks) 208 102 (49%) 86 (41.3%) 20 (9.7%)

Dose 2 (10 weeks) 260 121 (46.5%) 108 (41.5%) 31 (11.9%)

Dose 3 (14 weeks) 270 127 (47%) 112 (41.5%) 31 (11.5%)

Dose 4 (9 months) 272 145 (53.3%) 98 (36%) 29 (10.7%)

Dose 5 (18 months) 259 122 (47.1%) 106 (40.9%) 31 (12%)

Dose 6 (60 months) 19 8 (42.1%) 11 (57.9%) 0

Table 4 Attitude of parents towards vaccination

Dose Total samples Attitude towards 
vaccination

Poor Good

Dose 0 (at birth) 489 103 (21.1%) 386 (78.9%)

Dose 1 (6 weeks) 539 118 (21.9%) 421 (78.1%)

Dose 2 (10 weeks) 530 111 (20.9%) 419 (79.1%)

Dose 3 (14 weeks) 520 108 (20.8%) 412 (79.2%)

Dose 4 (9 months) 501 74 (14.8%) 427 (85.2%)

Dose 5 (18 months) 510 42 (8.2%) 468 (91.8%)

Dose 6 (60 months) 68 3 (4.4%) 65 (95.6%)
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probably knowledge regarding vaccination, in the 
health-seeking behaviour. The impact of COVID-19 
on vaccination may be even worse in rural and difficult 
remote areas [19].  In survey conducted by Canadian 
researchers, it was concluded that vaccination delay 
increased during 1st wave of pandemic [20].

Though not statistically significant, higher percentage 
of children with college educated mothers received timely 
vaccination. Chandir, Siddiqi, Mehmood, Setayesh, Sid-
dique, and Mirza had conducted a similar study in Sindh, 
Pakistan. They concluded that higher maternal education 
played a positive role in uptake of childhood immuniza-
tion, even during a challenging lockdown [21].

Conclusion
Substantial proportion of children had delayed vaccina-
tion during the first COVID-19 lockdown. The propor-
tion increased with age and impacted MR vaccine the 
highest. Such delays can hamper the progress achieved in 
controlling childhood illness and also derail progress in 
the campaigns like measles and rubella elimination.

Recommendations
It is easy to discard the current findings, as such globally 
disrupting events are rare. But this pandemic has exposed 
the current socio-political situation, state of international 
trade and deficiencies in health practices and services, as 
well as lack of preparedness. We have to plan our health 
services like vaccination programme, with consideration 
for contingencies that could arise.

Similarly, we believe there should be some informa-
tion-technology-based reminder and follow-up mecha-
nism for parents to vaccinate their children in time.

Limitations of the study
The study was conducted in a single urban area of San-
gli district in Maharashtra, India. The rural, tribal and 
other remote areas might have fared differently with this 
respect. More detailed studies are required to understand 
the actual extent of the issue. Similar if we consider and 
hope that COVID-19 was one-off event in its impact and 
magnitude, then it will be difficult to generalize and use 
these findings for policy decisions.
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