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ABSTRACT

Vaccination is a critical tool in protecting against COVID-19. It is essential to know the time for each activity
in a COVID-19 vaccination process for better management, especially during a pandemic. Thus, we
conducted a time-motion study to identify activities that led to delayed/increased waiting time in an
urban primary health center in Bhubaneswar, India. We observed 196 COVID-19 vaccine beneficiaries over
one month (June 2021) from when they arrived at the vaccination center until they left the center. A data
collection form and a Stopwatch were used to estimate the time taken for various activities involved in
COVID-19 vaccine delivery. The time taken was expressed in mean and median. We also compared the
time taken during the first and second doses using the Mann-Whitney U test. The total mean time spent at
the vaccination center was 40:56 + 20:52 minutes. The activity that took the longest was ‘waiting time in
queue before vaccination’, which was 34:22 + 20:56 min constituting 82% of the total time. The activity
that took longer for the second dose than the first was the beneficiary verification in the Co-WIN portal
with a median of 27 seconds and 36 seconds, respectively (p <.001). This study will help program
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managers formulate better strategies to improve the vaccination process making it more efficient.

Introduction

It has been almost two years since COVID-19 was declared
a pandemic.' It continues, with new variants emerging now and
then.” Vaccination against COVID-19 and other COVID appro-
priate measures like social distancing, wearing masks, and hand
washing are strategies to control the pandemic. The genomic
sequence of SARS- CoV-2 was published in January 2020, fol-
lowed by the development of multiple vaccines against COVID-
19.>* There have been trials of re-purposeful drugs to treat
COVID-19, but more emphasis was on vaccine development.”
In India, two vaccine candidates, namely BBV152(COVAXIN)
and AZDI1222(COVISHIELD), received restricted emergency
approval by the Drug Controller General of India (DCGI).®
COVISHIELD was produced in collaboration with Oxford
University, and COVAXIN is India’s indigenous COVID-19 vac-
cine developed by Bharat Biotech company Pvt Ltd.”

India’s National expert group vaccination committee
(NEGVAC) formulated the COVID-19 Vaccine strategy.
Ministry of Health and Family Welfare (MOHFW) introduced
a digital platform called Co-WIN for monitoring COVID-19
vaccine delivery. The platform uses a mobile application where
users will be able to self-register to get vaccinated.® India
vaccinated its population in phases. On 16" January 2021,
the first phase of the world’s largest COVID-19 vaccination
drive was started, where Healthcare workers (HCWs)were
vaccinated.” In the second phase, the elderly above 60 years
and people with comorbidities in the 45-60 years age group
received the vaccine.!® From 1% May 2021, COVID-19 vacci-
nation was expanded to all individuals above 18 years."!

India is one of the most populous countries, and vaccinating
all its citizens involves vast logistics and human resources. It
also led to huge crowds at the vaccination centers, as people
flouted the social distancing norms.'> A time-motion study
determines the time required for a specific activity. It increases
the performance by measuring and minimizing the time taken
and movement needed to conduct various activities without
compromising the quality of services.'>'*

Hence, we conducted a time-motion study to estimate the
time taken for various activities in the COVID-19 vaccination
process at an urban primary health center (UPHC). The study
results will help the policymakers and implementers to
improve the vaccination process and make it more efficient.

Methods

We conducted a time-motion direct observational study in an
urban primary health center, Odisha, India, for one month
(June 2021). The vaccination center is state government-
operated, similar to most centers in urban and rural areas. The
Department of Community Medicine, All India Institute of
Medical Sciences (AIIMS) provides the services at the center in
collaboration with the state staff. Verbal permission was taken
prior to the study from the medical officer in charge of the center.
Assuming around 60% of people will spend about 60 minutes at
the vaccination center, power of 80% and alpha error of 5%, the
calculated sample size was 196. The Institute Ethics Committee,
AIIMS, Bhubaneswar, granted ethical approval (Reference num-
ber: T/IM-NF/CM&FM/21/03). The HCWs involved in COVID-
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19 vaccination at the study center were state officials. We took
verbal consent from them, which was approved by the ethics
committee, and none of them denied consent.

Data collection

In June 2021, in India, those above 18 years were being
vaccinated, and vaccine beneficiaries had to pre-register
themselves in the Co-WIN portal and book the slot prior
to vaccination. There were two vaccination booths at the
study center, and we observed the vaccination process at
only one booth. The total number of COVID-19 vaccina-
tion beneficiaries per day was around four hundred, includ-
ing both sessions. We took verbal permission from the
medical officer in charge of the center before starting the
study.

Two observers conducted the study, one being the prin-
cipal investigator and the other being an Intern trainee who
was explained regarding study procedure and trained under
supervision. Every fifth beneficiary attending the COVID-19
vaccination center was selected by systematic random sam-
pling on the study day. The COVID-19 vaccination at the
center was conducted in two sessions; a morning session
between 9-12 PM and an afternoon session between 3-6
PM. The vaccine given at the center was COVAXIN. The
first dose of the vaccine was given in the morning session
and the second dose in the afternoon. The time-motion
study was conducted during both sessions observing 196
COVID-19 vaccine beneficiaries. The vaccine beneficiaries
were observed from when they arrived at the center until
they left the center.

COVID-19 vaccination process

The flow of beneficiary movement starts with their arrival at
the center and waiting for the vaccination process to start.
Once the vaccination process starts, they move to the verifica-
tion room, where their details are verified in the Co-WIN
portal. After that, they enter another room to receive the
vaccine against COVID-19. After vaccination, the beneficiary
is sent to the observation room to observe for Adverse Events
following Immunization (AEFI). Post observation, the benefi-
ciary exits through the same verification room from where the
beneficiary enters (Figure 1).

We have assessed the COVID-19 vaccination process for
five main activities:

(1) The total waiting time in the queue

(2) Time taken to verify beneficiary details in Co-WIN
portal (All beneficiaries came pre-registered)

(3) Time taken to enter the beneficiary details in offline
records

(4) Time taken to vaccinate the beneficiary

(5) Total time spent in the observation room

On the days of data collection, we gave a token to every fifth
beneficiary when they arrived at the UPHC for vaccination
after taking informed consent. We explained the purpose of
the study to the selected beneficiaries. The token contained the
serial number, date, name, age, the dose of vaccine, entry time,
and exit time. We entered the entry time in the token and asked
them to return the token while they left the center. Twelve
beneficiaries did not return the token. To know the benefici-
aries’ experience of the COVID-19 vaccination process, a 5
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Figure 1. The layout of the vaccination center, UPHC, Odisha. Notes: ® Arrow marks show the direction of movement of COVID-19 vaccine beneficiaries: 1) Entry at
vaccination center 2) Waiting in the queue 3) Verification of beneficiaries in Co-WIN portal 4) Entry of details of the beneficiary in offline records 5) Vaccinating the

beneficiary 6) Observation for AEFI in observation room 7) Exit from the center



point Likert scale was used, which included very unsatisfied,
unsatisfied, neutral, satisfied, and very satisfied. The token
accompanied the rating scale. We collected the tokens at the
end and asked them to rate the vaccination process. If they
were observed to be leaving earlier than prescribed, we also
asked why. The study tools included a Mobile Stopwatch and
a data collection sheet to enter the time taken for various
activities. The data collected was captured using the
Epicollect5 app and was exported to MS Excel.

Statistical analysis

Statistical analysis was done using SPSS Version 25. The time
taken for various activities are expressed in mean and median.
We have also compared the time taken during the first
and second dose using the Mann Whitney U test.

Results
Socio-demographic details

Of 196 participants observed in the study, 111(56.6%) were males,
and 85 (43.4%) were females. The mean age of the study partici-
pants was 28 + 6 years. The number of participants who took the
first dose was 90 (45.9%), and the second was 106 (54.1%).

The total mean time spent by the beneficiaries at the
vaccination center was 40:56 £ 20:52 min, and the median
was 38:59 (24:59- 54:59) min. The total mean time spent in
the waiting queue was 34:22 +20:56 min, and the median
was 32:00(17: 15 - 49:00) min. Waiting time constituted
82% of the total time spent at the vaccination center.
Verification in the CoWin portal for both the first
and second doses took 38.98 + 37.62seconds, and the
median time was 31.50s. The mean time taken to enter
beneficiary details into the register was 20.87 £9.17s, and
the median time was 19.0 (14-27)s. The mean time taken
for vaccination was 17.83 + 8.18s, the median time was 17.0
(12-21)s, and the mean time spent in the observation room
post-vaccination was 3:54 + 2:18 minutes, and the median
time was 3:59(1:59-5:44) min (Table 1).

The time difference in COVID-19 vaccination service deliv-
ery points between the first and second doses showed that
except for verification in the Co-WIN portal and waiting
time in queue, the time taken for all other activities was less
for the second dose when compared to the first dose. For

Table 1. Service delivery time at different activity points of COVID-19 vaccination.
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verification of beneficiary for the second dose, the time taken
was more, which was statistically significant (p-value < .001)
(Table 2).

The rating of the process showed that 3 (1.5%) were very
unsatisfied, 38(19.3%) were satisfied, and 143(72.9%) were very
satisfied (Figure 2).

Discussion

Vaccination against COVID-19 serves as a critical tool in
combatting the pandemic. Time motion studies determine
the time required for various activities and identify delays to
improve the process efficiency. At the start of the present
study, a literature search revealed no time-motion study on
COVID-19 vaccination; time-motion studies existed only for
routine childhood immunization services. They compared
the time required for old and new registries, assessed vacci-
nation costs at different adult provider practices, and also
conducted to develop a model for evaluating the pediatric
vaccine schedule efﬁciency.ls"19 Therefore, this would be one
of the first motion studies on the COVID-19 vaccination
process.

During our study period, India witnessed the dreadful second
wave of the pandemic with high mortality and morbidity rates all
over the country. So, vaccination against COVID-19 was an
essential tool for control, and ensuring its efficient functioning
and not letting it be the source of infection was crucial. Of the
total time spent by the beneficiaries in the vaccination center,
82% constituted only waiting time in the queue, which was
causing crowding, which could increase the chance of transmis-
sion of the virus. The beneficiaries were given time slots for
vaccination when they registered online; each beneficiary was
allotted a time slot of one hour. This fixed number of benefici-
aries for each hour was an attempt by the government to prevent
crowding at the centers. However, most of them did not adhere
to the allotted time slots. They arrived at the center about
one hour prior to the allotted time to be the first ones to get
vaccinated. This early arrival led to the long waiting time and
crowding at the vaccination center. Similarly, a time-motion
study done at the immunization clinic attached to a rural health
center in Delhi found that 64.1% of their study participants spent
their time waiting."” However, they attributed the reason for the
long waiting time to the lack of health care workers, whereas in
the present study, it was due to the non-adherence of the ben-
eficiaries to the allotted time.

First Dose Second Dose Total
Median Median Median

Activity Domains Mean + S.D. (IQR) Mean £ S.D. (IQR) Mean + S.D. (IQR)
Waiting time in queue (in minutes) 32:00 +21:17 29:30 (15:00-42:00) 36:22 + 20:31 33:00 (20:45-50:59) 34:22 +20:56 32:00 (17:15-49:00)
Verification in Co-WIN Portal (in seconds) 29.87 £ 15.15 27.0 (21-34) 46.72 + 47.99 36.0 (27-52) 38.98 + 37.62 31.50 (22-42)
Entry into the register (in seconds) 23.86 + 9.34 22.0 (17-30) 18.34 + 8.25 17.50 (12-23) 20.87 £ 9.17 19.0 (14-27)
Time taken for vaccination (in seconds) 19.89 +£8.39 18.0 (15-24) 16.08 + 7.62 15.0 (10-20) 17.83 £ 8.18 17.0 (12-21)
Time taken in the observation room (in minutes) 4:20+2:14 3:59 (1:59-5:59) 3:32 +£2:18 3:00 (1:59-4:59) 3:54 + 2:18 3:59 (1:59-5:44)
Total time taken at vaccination center (in minutes) 38:48 +21:26 37:00 (22:00-49:59) 42:45 + 20:17 41:00 (26:59-56:00) 40:56 + 20:52 38:59 (24:59-54:59)
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Table 2. COVID-19 vaccination service delivery time in relation to the first
and second dose.

First dose  Second dose

Activity domains (median) (median) p-value

Waiting time in queue 29:30 33:00 .096
(in minutes)

Verification in Co-WIN Portal 27.0 36.0 <.001
(in seconds)

Entry into the register 22.0 17.50 <.001
(in seconds)

Time taken for vaccination 18.0 15.0 <.001
(in seconds)

Time taken in the observation room 3:59 3:00 <.005
(in minutes)

Non-parametric test for two independent samples, Mann Whitney U test was used
to test the significance between activity domains among first and second dose.

As expected, the second dose administration was more effi-
cient; most activities took a shorter time during the second dose
than the first. However, it was not so for the verification process.
Beneficiary verification took more time for the second dose. This
was because, for the second dose, the beneficiary had to show
a partial vaccination certificate (vaccinated with the first dose).
Many of the beneficiaries were unaware of this; therefore, they had
to download the partial vaccination certificate at the center result-
ing in more time for verification. During verification before
the second dose, they also had to provide their registered mobile
number, and many had more than one phone number and did not
remember which they had used earlier, which led to further delay.
These problems could be avoided by providing prior information
to the beneficiaries during slot allotment for the second dose.

About 400 vaccine beneficiaries were being vaccinated per day
at the study center. In our study, except for the observation time,
the time taken for vaccination took the least time compared to
other activities. It could indicate that the healthcare workers were
efficient in the vaccinating process. This finding contrasts with
a time-motion study in an immunization clinic of a tertiary care
hospital in Kolkata, where time spent on vaccination activity was
more when compared to other activities, with the median being
300s. However, their finding was probably due to the administra-
tion of multiple vaccines as per the routine childhood immuniza-
tion schedule."

A critical finding in the present study is the mean time spent
in the observation room post-vaccination to watch for Adverse
events following immunization (AEFI), which was very short at
only 3 minutes 54 seconds. This is far less than the recom-
mended waiting time of 30 minutes. While collecting the
tokens, the observer asked why the beneficiaries were leaving
early; most of them mentioned that they had to leave early to
attend to their duties. Leaving too early could have been risky if
they had any AEFI outside the center. However, there was no

record of any AEFI in the register maintained by the HCWs.
One may assume that there were no serious AEFI after the
COVID-19 vaccination at the UPHC as none of the benefici-
aries reverted with any complaints but, non-reporting of AEFI
cannot be the same as its absence. According to the
Government of India’s policy, AEFI surveillance for the
COVID-19 vaccine was only passive; therefore, the possibility
of missing out on AEFIs remains. Hence, both the public and
the health care workers at the centers need education about the
importance of the observation time after vaccination, especially
after the first dose. The employers could also be instructed to
permit half an hour delay for work.

Another important observation was regarding the flow of
beneficiaries; entry and exit points of the vaccination room
were the same, resulting in the crisscross movement of benefici-
aries which could increase the chance of infection. This arrange-
ment was also against the guidelines for the conduct of COVID-
19 vaccination process.”” According to the guidelines, there
should be a one-way flow of beneficiaries with separate entry
and exit points, which would not allow for their intermingling.

Regarding the rating of the vaccination process, more than
90% of the beneficiaries were satisfied or very satisfied, though
some of them mentioned the lack of proper signages at the center,
which could have made the process easier for them. This high
satisfaction rate maybe because people had been waiting for
a vaccine against COVID-19 since the emergence of the
COVID-19 pandemic, and it was provided at government centers
free of cost; also, the vaccination process took a short time.

The present study reveals that most of the lacunae that
increased various activity times at the vaccination centers were
amenable to simple solutions. Beneficiaries can be informed to
adhere to their allotted time using Information, Education and
Communication through multiple information routes. Co-WIN
portal itself can carry a short message before allotting the vaccina-
tion slot. The message could also be broadcasted through various
mass media and social platforms such as Facebook, WhatsApp,
Twitter, etc., regarding strict adherence to the allotted time slot for
vaccination. Similarly, these media and the portal could also be
used to provide information regarding pre-requisites of registered
phone numbers and partial vaccination certificates before
the second dose.

Another intervention could be at the level of slot allotment.
Reducing the time slots duration to 15 minutes instead of
an hour could result in fewer people turning up for the allotted
slot. For the first dose, beneficiaries could comply with the
allotted time. For the second dose, HCWs at the centers
could also counsel the beneficiaries in the observation room
about the second dose requirements and on adhering to the
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Figure 2. Rating of the COVID-19 vaccination process.
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allotted time. The COVID-19 vaccination centers should
ensure 30 minutes post-vaccination observation time after the
first dose by monitoring and employing supportive supervi-
sion. The vaccination surveillance officers must ensure separate
entry and exit points at all the COVID-19 vaccination centers.

Our study has a few limitations; we did not capture the
proportion of beneficiaries who adhered to the allotted time
slots and the factors that influenced the same. This study also
represents only the primary level facility vaccination centers.
Though fewer in number, secondary and tertiary level centers
may deal with bigger crowds. Further research can be done at
other centers, namely at secondary and tertiary care levels, for
optimal functioning of COVID-19 vaccination.

Even though this study was conducted in one of the urban
primary health care centers, the vaccination process and the layout
would not be vastly different from other primary level vaccination
centers in the urban or rural areas of the government sector.
Hence, the recommendations based on the present study would
benefit the overall vaccination drive in the state and the country.

Conclusion

Vaccination against COVID-19 is the first-ever mass adult vac-
cination program. Efficient implementation of COVID-19 vac-
cination will serve to fight against COVID-19. Our study gives
useful insights into the COVID-19 vaccination process at
a primary care level which is the first point of contact with the
community. The study found that the longest time was spent
waiting for vaccination, primarily due to the non-adherence of
the beneficiaries to their allotted time. Secondly, a lack of aware-
ness about pre-requisites before the second dose also caused
delays. Post-vaccination observation time was grossly insuffi-
cient; however, no untoward event was recorded. These findings
can provide an impetus for studying the vaccination process at
the secondary and tertiary level centers to find ways to make
them more effective. The findings of our study can also be useful
for policymakers in planning future vaccination strategies.
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