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Will COVID-19 Vaccination Be Successful Without Social Distancing?
A Simulation of an Outbreak in Sri Lanka

Introduction

Coronavirus disease (COVID-19) is an infectious disease of 
which the etiological agent is a newly discovered coronavirus 
from Wuhan, China in 2019 [1]. The massive impact of the 
Coronavirus disease (COVID-19) pandemic is evident with 
70,228,447 confirmed cases including 1,595,187 deaths, being 
reported to the World Health Organization (WHO) as per 13 
December 2020 [2]. As a result of the COVID-19 pandemic, it 
is forecasted that the global Gross Domestic Product (GDP) will 
contract by 5.2% and the economies will be left with lasting scars, 
despite the mitigatory efforts by governments across the world [3]. 

Non-pharmaceutical interventions such as restriction of public 
events, school closure and social distancing targeting the 
prevention the spread of COVID-19 have been advocated and 
promoted [4, 5]. In addition, hand hygiene, respiratory etiquette 
and use of face mask have been used as interventions to prevent 
the spread of the disease [6]. 

However, a COVID-19 vaccine has been much anticipated as 
the magic bullet against this pandemic. As per 10.12.2020, 52 
candidate vaccines are in clinical evaluation [7, 8]. Vaccine by 
Pfizer and BioNTech is claimed to be more than 95% effective 
[9]. Moderna vaccine is claimed to protect 94.5% people [10, 11]. 
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The Oxford University / AstraZeneca vaccine has been shown to 
stop 70% people developing COVID-19 symptoms [12]. More 
affluent countries are investing in vaccine development and claim 
their access to vaccines, as soon as they will be available [13]. 
In the meantime, COVAX, an initiative coordinated by Gavi, 
the Vaccine Alliance, the Coalition for Epidemic Preparedness 
Innovations (CEPI) and the WHO, is coordinating efforts 
in ensuring access to vaccine of all participating countries, 
irrespective of their income level [14]. The government of Sri 
Lanka too has expressed its commitment to ensure the availability 
of the vaccine to its population, the Minister of Health of Sri 
Lanka declaring the efforts to make the vaccine available to 20% 
of the population initially amounting to 4.2 million doses through 
the COVAX facility [15]. 

Both governments and the community members are experiencing 
fatigue of stringent interventions implemented and sustained in 
unprecedented manner against the prevention of COVID-19 [16]. 
In this context, the arrival of a vaccine could be seen as a much-
awaited relief. However, if the non-pharmacological measures 
are loosened too early, the anticipated benefit from the vaccine, 
as well as the sacrifice made by governments and public so far 
may be lost. In this context, it is important to understand how the 
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COVID-19 vaccination and non-pharmacological interventions, 
specifically social distancing could interact synergistically 
towards COVID-19 outbreak control. The objective of this study 
was to compare the success of a COVID-19 vaccination with or 
without social distancing in Sri Lanka.

Methodology 

Mathematical models provide the opportunity for researchers, 
policy makers and implementers to understand complex public 
health problems [17]. In addition, they could also be used to test 
different public health solutions in safe environments which would 
not have been possible in real world, due to practical, logistic and 
ethical reasons (Kretzschmar 2020). Several mathematical models 
have been used across the world, both to predict the Covid-19 
outbreak, as well as to explore the effects of different interventions 
on its progress [18-21].

The London School of Hygiene and Tropical Medicine (LSHTM) 
COVID-19 Transmission App (beta version 2) uses an age-
structured mathematical model which can simulate COVID-19 
transmission in a population [22]. Above model, using a 
compartmental model assumes that susceptible people who get 
infected with COVID-19 can either develop clinical symptoms 
through pre-clinical stage (clinical infections), while the others 
would only develop mild or no symptoms (subclinical infections) 
which will go unnoticed. Both clinical and subclinical infections 
could either end up in recovery, isolation or death [23, 24]. 

Figure 1: Susceptible, Exposed, Infected and Recovered Model 
used in the LSHTP COVID-19 Model 

Source: Davies et al, 2020

The model also assumes children to be less susceptible to infection, 
and less likely to demonstrate clinical symptoms compared to the 
adults [22, 23]. Contract matrices developed by previous studies 
have been used for the simulation of the transmission in the model 
used by this app [25, 26]. 

We used the LSHTM COVID-19 Transmission App (beta version 
2) for the simulation. We selected the model parameters for Sri 
Lanka as follows. 

Model input Variable
Country Sri Lanka
Epidemic start date 01.09.2020
Starting number of infections 01
Basic Reproduction number 2.1
Proportion immune at start 0
Latent period 3 days
Pre-clinical period 2.1 days
Clinical period 2.9 days
Subclinical period 5 days
Date of the first case 04.10.2020
Number of cases on the first date 1

Table 1: Model Inputs

According to WHO, even though Sri Lanka is not in community 
transmission as per 13.12.2020, for the simulation purposes we 
assumed the current wave to be the beginning of an outbreak of 
widespread community transmission in Sri Lanka. This wave 
was detected 04.10.2020, and examining the epidemiological 
curve shows that the first case would have occurred around 
01.09.2020 [27]. Hence, the first case of the current outbreak 
was taken as 01.09.2020. Since the number of COVID-19 cases 
occurring before 01.09.2020 is quite small in comparison to the 
number reported thereafter, it is justifiable to take this point as 
the commencement of the outbreakof widespread community 
transmission for the simulation purposes. Since social distancing 
measures were implemented as soon as this large number of cases 
was detected, the date of commencement of social distancing was 
taken as 04.10.2020. The model was run for a period of 365 days.

We considered the above trend as first and the baseline scenario, 
and named it as S0V0. In addition, we developed nine mitigatory 
scenarios. Social distancing was taken yes or no, yes meaning 
50% social distancing. The value of 50% social distancing was 
an arbitrary value, however, anything more than 50% of social 
distancing seemed impossible as per the consensus of the research 
team on their observation of the public behavior in Sri Lanka. 
The 50% social distancing was assumed to be continued until the 
end of the simulation period, for the models which had a social 
distancing element. 

Different COVID-19 vaccination scenarios were developed taking 
several aspects into consideration. The time of commencement 
of the vaccination campaign had two options: in January or 
in March. The duration of the vaccination program could have 
two options: three months or six months. The government of Sri 
Lanka has claimed to obtain 4.2 million doses covering 20% of 
the population. For the simulation purposes, we rounded it off to 
4.5 million doses. The ten scenarios that we simulated are given 
in Table 2. 
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Scenario Scenario Code Mitigation Scenario
1 S0V0 No Mitigation
2 S1V0 Social distancing only
3 S0V1 4.5 Million Vaccinations done 

over 6 months starting in January 
2021

4 S0V2 4.5 Million Vaccinations done 
over 3 months starting in January 
2021

5 S0V3 4.5 Million Vaccinations done 
over 6 months starting in March 
2021

6 S0V4 4.5 Million Vaccinations done 
over 3 months starting in March 
2021

7 S1V1 Social distancing with distribution 
of 4.5 Million Vaccinations done 
over 6 months starting in January 
2021

8 S1V2 Social distancing with distribution 
of 4.5 Million Vaccinations done 
over 6 months starting in March 
2021

9 S1V3 Social distancing with distribution 
of 4.5 Million Vaccinations done 
over 3 months starting in January 
2021

10 S1V4 Social distancing with distribution 
of 4.5 Million Vaccinations done 
over 3 months starting in March 
2021

Table 2: Mitigation Scenarios

Subsequently we ran the simulation, doubling the number of 
doses at 9 million doses. The epidemiological curve for different 
mitigatory scenarios were developed, and were compared with 
the baseline scenario. The total number of cases, total number 
of symptomatic admissions, and total number of deaths under 

different mitigatory scenarios were calculated. In addition, the 
difference between the total number of cases, total number of 
symptomatic admissions, and total number of deaths between the 
baseline scenario and other scenarios, as well as the proportion 
thereof were calculated.

Results

Figure 2 and Table 3 shows the summary of the models as per the 
ten scenarios considered.

Figure 2: Outbreak Curves Under Ten Mitigatory Scenarios

Scenario 
Code

Number 
of Cases 
(Millions)

Reduction 
of 
Number 
of Cases 
(Millions)

Percentage 
Reduction 
of Cases

Number of 
Symptomatic 
Admissions 
(Thousands)

Reduction of 
Number of 
Symptomatic 
Admission 
(Thousands)

Percentage 
Reduction of 
Symptomatic 
Admission

Number 
of Deaths 
(Thousands)

Reduction 
of Number 
of Deaths

Percentage 
Reduction 
of Deaths 
Percentage

S0V0 6.23 0.00 0.0 490 0 0.0 61.0 0.0 0.0
S1V0 4.67 1.56 25.0 367 123 33.5 45.7 15.3 33.5
S0V1 6.20 0.03 0.5 487 3 0.6 60.6 0.4 0.7

S0V2 6.16 0.07 1.1 482 8 1.7 60.0 1.0 1.7
S0V3 6.23 0.00 0.0 490 0 0.0 61.0 0.0 0.0
S0V4 6.23 0.00 0.0 490 0 0.0 61.0 0.0 0.0
S1V1 4.27 1.96 31.5 333 157 47.1 41.4 19.6 47.3
S1V2 4.65 1.58 25.4 365 125 34.2 45.5 15.5 34.1
S1V3 3.88 2.35 37.7 300 190 63.3 37.3 23.7 63.5
S1V4 4.63 1.60 25.7 364 126 34.6 45.3 15.7 34.7

Table 3: Distribution of Cases. Symptomatic Cases and Deaths under Ten Mitigatory Scenarios
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As per the baseline model SOVO, it is predicted that there will 
be 6.23 million cases, with 490 thousand symptomatic cases 
being admitted. The number of deaths is predicted to be 61 
thousand. 

The S1V0 model encompasses 50% social distancing 
occurring from 04.10.2020 onwards, as the only intervention. 
Under this model scenario, the total number of cases will be 
4.67 million, with 367 thousand symptomatic admissions, and 
45.7 thousand deaths. It should be noted that compared to the 
baseline scenario, social distancing alone could provide the 
benefit of reduction of 25% of the cases, 33.5% of symptomatic 
admissions and 33.5% cases respectively. 

Four scenarios modelled vaccination campaigns as the 
only mitigatory measure, each varying in their timing and 
duration. The highest percentage reduction of the cases, 
number of symptomatic admissions and deaths under above 
four vaccines only mitigatory scenarios were 1.1%, 1.7% 
and 1.7 % respectively, which was for scenario SOV1 which 
demanded 4.5 million vaccinations to be given commencing 
from 01.01.2020 over a period of three months. 

S1V1 to S1V4 mitigatory scenarios tested out social distancing 
coupled with the same vaccination scenarios considered 
above. It could be seen that percentage reductions in cases, 
symptomatic admissions and deaths, all increased with 
the combination of social distancing with four different 
combinations of vaccination campaigns. However, the highest 
percentage reduction was observed for S1V3 which demands 
for the administration of 4.5 million vaccines within three 
months commencing from January 2020. In contrast, if the 
same amounts of vaccines to be administered over the same 
period, three months later, that means starting from March, the 
percentage reductions would decrease considerably: Reduction 
of percentage of cases from 37.7% to 25.7%; symptomatic 
admissions from 63.3% to 37.3%, and deaths from 63.5% to 
34.7%. 

Next, we wanted to see the effects of doubling the vaccine 
amount provided on the outbreak dynamics. 

As evident from Figure 4 – 6, doubling the number of vaccine 
doses does not seem to have any considerable effect on the 
number of cases, symptomatic admissions or deaths without 
social distancing. If the number of vaccine doses are doubled 
in January along with social distancing, cases, symptomatic 
admissions and deaths seem to be reducing, whereas if the 
same is done in March, the reduction of the same are not 
markedly different.

Figure 3: Effects of Doubling of Vaccination Doses on Cases

Figure 4: Effects of Doubling of Vaccination Doses on 
Symptomatic Admissions
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Figure 5: Effects of Doubling of Vaccination Doses on Deaths

Conclusion

In summary, social distancing seems to be playing a decisive 
role in determining how different vaccination scenarios would 
work. In addition, earlier the vaccines are available, it seems 
to be reducing more cases, symptomatic admissions as well 
as deaths. Further, faster immunization campaigns tend to 
have larger reductions of cases, symptomatic admissions and 
deaths. Increasing vaccine number seems to be affecting the 
number of cases, symptomatic admissions and deaths, only 
if the vaccination program is carried out in combination with 
social distancing and earlier in the epidemiological curve. 

Discussion 

COVID-19 is a complex public health problem which has 
multiple dimensions, both to the problem itself, as well as to its 
solutions. Non-pharmacological interventions such as social 
distancing have contributed to the prevention of the COVID-19 
pandemic. However, the COVID-19 vaccine has been looked 
up to as the magic bullet that will end the pandemic. Though 
this narrative seems to be both appealing and soothing, this 
does not seem to be the case for many developing countries, 
Sri Lanka being no exception. This country level simulation 
using the CMMID COVID-19 transmission app, beta version 
of the center for mathematical modelling of infectious 
diseases at the London School of Tropical Medicine and 
Hygiene was aimed at visualizing the effects of a selected 
non-pharmacological intervention, namely social distancing 
and vaccination, individually as well as in combination in 
a simulated COVID-19 outbreak in Sri Lanka [22]. At the 
outset, it should be made clear that the focus of this exercise 
was not to predict how the current COVID-19 outbreak will 

move forwarded in Sri Lanka. Rather, our focus was to test 
the effects of the two interventions on a simulated outbreak. 
Similar approach has been used in understanding the effects 
of widespread community transmission in Sri Lanka using 
simulations, rather than using actual case numbers[20,21]. 

It is very clear from the findings of the study that social 
distancing, at least at around 50% can reduce the transmission 
of cases, symptomatic admissions and deaths in a considerable 
manner. In contrast, vaccination alone, under the four different 
scenarios, varying on their duration and the timing clearly 
shows that the effects of reducing the percentage reduction of 
cases, symptomatic admissions and deaths are quite negligible. 
This is an alarming finding, since vaccination is often seen 
as the savior from stringent measures of which both the 
governments and the communities are tired of.

COVID-19 vaccination carried out in combination with social 
distancing tends to be having an additional benefit in the 
reduction of cases, symptomatic admissions and deaths. It is 
also seen that as per the simulated scenario, earlier the vaccine 
is started, better it is. Under the cover of social distancing, 
vaccination delivered over a period of three months seems to 
be reducing around 7 % additional cases, 16% symptomatic 
admissions, as well as deaths, if both campaigns are started 
in January. However, starting the campaigns in January 2021 
is quite unlikely, given the current global trends in vaccine 
availability. Thus, March 2021 or a later date would be the 
likely scenario for Sri Lanka. Vaccination campaigns starting 
as late as March, irrespective of their duration seems to be 
not much beneficial than social distancing alone. However, 
as per the current simulated outbreak, the benefits that the 
country could get from vaccination seems to be much less, if 
social distancing is not practiced. While vaccine procurement, 
transport and distribution has direct and indirect costs 
involved, social distancing measures could be implemented 
with relatively lesser cost. Hence, non-adherence to social 
distancing could greatly influence the cost effectiveness of a 
COVID-19 vaccination programme. 

While COVAX seems to an innovative and progressive step 
towards ensuring the access to vaccines, it does not seem to 
solve the issue of getting the vaccines as fast as well as in 
quantities that the country needs. For example, if all three 
vaccine candidates get regulatory clearance, Canada, Japan, 
the UK, and the US will have more than enough vaccines to 
cover their entire populations, which means they could spare 
some vaccines which could become potential donations[13]. 
Sri Lanka could engage in public health diplomacy to explore 
the possibility of obtaining donated vaccines from its allies, to 
supplement the COVAX funded vaccines. 

As the last option, the government of Sri Lanka should start 
making allocations for vaccinations from their national 
budgets. It is wise to preorder at least some vaccines with 
the use of national health budget or the funds raised for 
COVID-19 response, in addition to the plans to procure the 
vaccines through the COVAX initiative. However, it should 
be kept in mind that all these arrangements are dependent on 
the availability of the vaccine in the market, as well as the 



6

Volume 2 | Issue 1I J Infectious Disea; 2021 www.unisciencepub.com

buying power of the country. Again, the country could extend 
its health diplomacy of its allied nations to seek assistance in 
vaccine procurement. 

In either case, the cornerstone of the findings of this simulation 
exercise is that vaccination without social distancing is unlikely 
to reduce case number, symptomatic admissions or deaths. 

Further, in the absence of social distancing, making vaccines 
available earlier, making vaccination programs faster, and 
increasing the number of vaccines also will not contribute to 
any meaningful reduction of in the case number, symptomatic 
admissions or deaths. Increasing the vaccine amount will bear 
considerable reduction of cases, symptomatic admissions 
and deaths only if vaccination is carried out along with 
social distancing and if the vaccination is done earlier in the 
epidemiological curve. 

The current simulation did not model in lockdowns, travel 
restrictions, limitations on public gatherings, work from home 
or school closures. These, if implemented will add definite 
bonus advantages in maximizing the benefits of vaccination. 
However, as per date, it is unlikely that neither the government 
nor the public would be happy with more stringent measures 
which were practices at the first stages of the outbreak. 
However, handwashing and wearing face mask still seems to  
provide additional benefits in curtailing the outbreak, which 
are quite acceptable both in the eyes of the government as well 
as the general public. The New Normalcy Guidelines by the 
Ministry of Health encompassing aforementioned measures 
could definitely provide additional benefits if anticipated 
before and throughout the vaccination process [28]. 

The biggest advantages of the application used in the current 
model is it’s easy to use online interphase despite the complex 
mathematical modelling process behind it. In addition, 
the graphical display of the model inputs and outputs also 
makes it user friendly. However, there are some limitations 
of the model behind the application used during the current 
simulation exercise. Firstly, the model assumes that contact 
patterns and other human behaviors to be static during the 
simulation period, and except as determined by any selected 
interventions. Secondly, the whole country is used as the unit 
of simulation than simulating epidemics in different parts of 
the country. Thirdly, only one model trajectory for the given 
set of parameters is given, rather than proposing several of 
them without space for uncertainty. Advanced methods could 
be used to overcome afore mentioned limitations. 

Another limitation of the study is that it assumed individuals 
randomly selected from the population will be allocated 
to receive the COVID-19 vaccine, whereas in reality, the 
vaccines would be allocated on a risk-based approach, at least 
in the initial stages, due to its relative scarcity. For example, 
as indicated in the WHO SAGE values framework for the 
allocation and prioritization of COVID-19 vaccination, in 
order to maximize the reduction of morbidity and mortality, 
all countries are expected to adhere to unform prioritization 
criteria when distributing the 20% of the vaccines provided 
through the COVAX facility. The first priority group will be 
the frontline health care workers, second will be other essential 

service workers, third will be persons with co-morbidities and 
after that, persons over 60 - 65 years of age. Hence, these 
factors, which have not been modelled in during the current 
study need to be taken into consideration when using the 
results of the study [29]. Another important limitation is that 
the different aspects of the vaccination program have not been 
modelled in during the current study. For example, the type 
of vaccine in relation to its efficacy (full protection vs. partial 
protection), current seroprevalence in the community, age 
structure and the contact matrix, force of infection parameters 
for vaccinated, symptomatic and asymptomatic groups which 
were not considered during the present exercise need to be 
incorporated in future research [23, 30]. 

In summary, social distancing must be continued before and 
during the COVID-19 vaccination. The study findings demand 
a state of emergency than that of complacency for Sri Lanka, if it 
is to reap the benefits of the public health window of opportunity 
provided by the COIVD-19 vaccination proactively and 
progressively. The country should ensure social distancing is 
practiced as much as possible in anticipation of the vaccination 
program as well as throughout. In addition, efforts to ensure 
sufficient quantities of vaccines in the timely and fast manner 
adhering to technical and regulatory guidelines should become 
a top public health priority of the country. 
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