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Abstract

Background
During COVID-19 pandemic, Indian nationals were evacuated from foreign countries to various
quarantine facilities in India. Individuals arriving from Iran on 14 March 2020 were quarantined at
Jaisalmer, Rajasthan. All individuals were tested for SARS-CoV-2 infection after completing 14 days of
quarantine. Those testing positive were isolated at AIIMS Jodhpur, India. We attempt to describe the
transmission dynamics of SARS-CoV2 in this cohort.

Methods
Basic SEIR compartmental model was developed using daily stepwise approach in Microsoft Excel.
Advanced model using standard differential equations in Python software version 3.6 was used to
estimate R0 based on model t to actual data.

Results
Forty-eight SARS-CoV-2 infections were found among the 474 evacuees. Out of them 44 (92%) were
asymptomatic. R0 for the overall duration was found to be 2.29 (95% CI 1.84–2.78). Male gender and age
greater than 60 years were associated with SARS-CoV-2 infection (RR = 4.33, 95% CI 2.07–9.05 and 5.32,
95% CI 3.13–9.04, respectively). Isolation of infected individuals and stricter quarantine of remaining
individuals reduced the R0 from 2.41 initially to 1.17 subsequently.

Conclusion
R0 value was found comparable to the earlier studies indicating similar transmission dynamics among
quarantined individuals in India. Further, universal testing and prompt isolation of infected individuals
was found effecting in interrupting the transmission of SARS-CoV-2. Role of asymptomatic individuals in
transmission appears to be strong in the context of quarantine of evacuees.

Introduction
As on 22 May 2020, the COVID-19 pandemic has resulted in around ve million cases globally and
0.32 million deaths [1]. It is imperative to understand the epidemiology and transmission dynamics of the
disease, in order to guide the prevention strategy. Outbreaks in closed susceptible populations have
provided an opportunity to understand the infection transmission of SARS-CoV-2 [2–7]. These included
the Diamond Princess cruise ship harboured at Japan and skilled nursing facilities in the United States
[2–7]. In India, decision was taken in March 2020 to evacuate Indian nationals stranded in foreign
countries due to restriction on international travel. The evacuees had been screened for SARS-CoV-2
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infection by RT-PCR test prior to boarding the aircraft. Upon arrival, they were quarantined at facilities
across India. The Indian Army facility at Jaisalmer, Rajasthan quarantined the evacuees arriving from
Tehran, Iran on 14 March 2020.
The asymptomatic quarantined individuals at Jaisalmer were being prepared for release on 28 March
2020, after completing 14 days of quarantine. However, upon request of the state government, all
evacuees irrespective of symptoms were tested for SARS-CoV-2 infection with nasopharyngeal and
oropharyngeal swabs by RT-PCR, from 28 March – 1 April 2020. Repeat testing of evacuees who had
tested negative initially was conducted after 1 April 2020. Those who tested positive were admitted in
isolation wards at All India Institute of Medical Sciences (AIIMS), Jodhpur, Rajasthan. They were further
tested twice on days 14 and 15 of initial positive test result as per extant national guidelines [8]. They
were discharged and allowed to travel to their home districts in India if both the test results were found
negative.

Methods
We utilized the compartmental SEIR model, wherein S, E, I, R respectively denote the susceptible, the
exposed, the infected and recovered or removed [2]. To begin with, all individuals were considered
susceptible. Those testing positive at the quarantine facility were considered to move from ‘susceptible’ to
‘infected’ compartment on the day of sample collection and stayed there till the day of being isolated,
which was usually a day after the declaration of test result. From date of isolation onwards they were
considered ‘removed’. The total number N = S + E + I + R remained xed at each step. The input parameters
of the model were rst speci ed in time steps of 1 day starting from 14 March 2020. It was subsequently
applied to a step-wise prediction model in Microsoft excel and standard differential equation model in
Python software version 3.6 [2]. The differential equations were as follows:

Here, δ refers to reciprocal of incubation period equivalent to the rate of exposed turning infectious per
day. Similarly, γ refers to rate of infectious individuals recovering per day (1/ D). The relationship between
R0 and duration of infectiousness (D) is expressed as per the following equation:

Where, β referred to the transmissibility multiplied by contact rate or number of secondary cases
generated by an infectious case per day.
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Step-wise model in Microsoft Excel
The objective of this basic model was to use backward extrapolation in the step-wise compartmental
model to provide an estimate of initially infected individuals while considering known infection
transmission parameters.
A mean R0 value of 3.28 was taken from average of previous studies [9]. A duration of infectiousness of
10 days yielded the β as 0.328 [10]. Median incubation period was taken as 5.5 days [10]. Thus, δ and γ
values were taken as 0.182/day and 0.1/day, respectively, for the basic step-wise model. This initial
number of infected at day 1 (14 March 2020) was varied so as to achieve the observed number of SARSCov-2 positive individuals till all the evacuees were tested by 1 April 2020 (day 19).

Differential equation model in Python v3.6
The model was rst speci ed in Python software with the standard differential equations of SEIR model
[2]. Model was optimized to provide best t using maximum likelihood approach with the input
parameters so that the value of R0 could be estimated. Further, in order to visualize the effect of removal
of positives and stricter avoidance of mixing on transmission, R0 value was assessed separately for the
rst wave when all individuals had been tested and subsequently when repeat testing was done. The prior
values of δ, γ and R0 were same as in the basic model [10].

Results
Initially, 528 individuals were quarantined at Jaisalmer facility. Among them, 54 people who were
accommodated separately and tested negative for SARS-CoV-2 after completing 14 days in quarantine
and were sent home early. Therefore, only the remaining 474 individuals who were accommodated
together were considered for studying the transmission of SARS-CoV-2. Of these 474 individuals, 254
were males (53.6%). Around half of the evacuees belonged to the 15–29 years age group (Table 1).
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Table 1
Age and gender distribution of the evacuees
Age
category

Female

Male

Total

(in years)

N

%

N

%

N

%

0–14

6

2.7

2

0.8

8

1.7

15–29

126

57.3

101

39.8

227

47.9

30–44

17

7.7

50

19.7

67

14.1

45–59

29

13.2

40

15.7

69

14.6

60 plus

42

19.1

61

24.0

103

21.7

Grand
Total

220

100.0

254

100.0

474

100.0

Male gender and age 60 years or more were signi cantly associated with being infected with SARS-CoV-2
(Table 2).
Table 2
Association of age and gender with SARS-CoV-2 infection
Characteristics

SARS-CoV-2
positive

SARS-CoV-2
negative

n / total (%)

n / total (%)

40 / 254 (15.7)

214 / 254 (84.3)

Risk ratio

p-value

(95% CI)

Gender
Male

4.33

< 0.0001

(2.07–9.05)
Female

8 / 220 (3.6)

212 / 220 (96.4)

-

60 years and
more

28 / 103 (27.2)

75 / 103 (72.8)

5.32

Up to 60 years

20 / 371 (5.4)

Age group
< 0.0001

(3.13–9.04)
351 / 371 (94.6)

-

In the rst wave of testing from 28 March 2020–1 April 2020, all the 474 evacuees were tested
irrespective of symptoms. Thirty- ve individuals were detected positive in the rst wave. Subsequently,
repeat testing among individuals who had tested negative earlier detected 13 new infections. Therefore,
total 48 individuals were eventually found infected with SARS-CoV-2 (Fig. 1). Only four (8.3%) were found
to have fever. No other symptoms were reported. Mean stay in hospital isolation was 15.5 ± 3.6 days.
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The step-wise model estimated that an initial size of 11 infected individuals was su cient to result in 35
infected individuals by 1 April 2020, by the time rst wave of testing was completed (Supplementary File
1).
In the differential equation model, the overall R0 was estimated to be 2.29 (95% CI 1.84–2.78). For the
individuals detected positive in the rst wave of testing, the R0 value was 2.41 (95% CI 0.53–4.86) which
subsequently reduced to 1.17 (95% CI 0.87–1.24). The best t curve of infected individuals overall and
separately in the rst and second waves was also obtained (Fig. 2, Fig. 3). Further details of the Python
3.6 code used for analysis are provided in Supplementary le 2.

Discussion
Male gender and older age were found to be signi cantly associated with SARS-CoV-2 infection. Although
men and older individuals had been found to be at risk of severe COVID-19 [11, 12], it remains unclear
whether they are also at higher risk of SARS-CoV-2 infection. Assortative mixing of men of older age
group in the quarantine facility could have played a role in this association, rather than male gender and
older age being true risk factors of SARS-CoV-2 infection.
The overall R0 value of 2.29 found in our study was comparable to previous estimates reported mainly
from China in the early phase of the COVID-19 pandemic [9]. The reduction in R0 estimate once infected
individuals were isolated and stricter physical separation was ensured, was similar to the nding from the

Diamond Princess cruise ship [2, 13]. During the early phase of the pandemic, embarkation of passengers
on ships at speci c ports had enabled ascertainment of index case with reasonable accuracy [5]. On the
other hand, it becomes di cult to establish the index case for evacuations when all the individuals
usually start travelling together from the origin country.
The evacuees were brought to India after being screened for SARS-CoV-2 infection. However, the
evacuation situation provides a unique challenge wherein large number of susceptible individuals are
brought within con ned spaces such as during transit to the airport, waiting areas at the airport and to
the quarantine facility. Therefore, the stage of the outbreak in which evacuation is being carried out
appears to be important. If evacuation is done when transmission is well established in the source
country, there would be a higher risk of infecting more susceptible individuals during the process.
Consequently, stricter safeguards might be required. Therefore, decision to evacuate must carefully take
in account these epidemiological factors. Further, the rationale of universal screening prior to evacuation
mainly depends on the test having perfect accuracy and having ability to detect all individuals shedding
the virus.
Although a negative RT-PCR test for SARS-CoV-2 infection was considered mandatory for evacuation, the
step-wise model estimated that around 2.3% of the evacuees (11/474) could have been infected prior to
arrival in India. The RT-PCR test used for screening has been found to have 2–29% false negatives [14].
Further, in the event of a negative test, the post-test probability of actually being negative depends on the
pre-test probability [15]. The pre-test probability of a test in turn corresponds to the prevalence of infection
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in the source population [16]. Given that evacuation happened from Iran when COVID-19 outbreak was
well established, it would be reasonable to assume an infection prevalence of at least 5% the source
population, similar to sero-prevalence reported elsewhere [17]. Thus, 1.6% evacuees could have been
false-negative [15]. Due to the considerable proportion of asymptomatic SARS-CoV-2 infections,
mandatory screening of all individuals irrespective of symptoms upon completion of quarantine
appeared to be the right decision.
We found that another 13 quarantined individuals who had tested negative in the rst wave of testing
turned positive in repeat testing. It is likely that they were incubating when the testing was done initially
for all individuals. Therefore, once transmission has started, even testing all evacuees at a single point of
time might not prove su cient. Hence, it becomes all the more important to maintain adequate physical
separation, ensure hand hygiene and strict avoidance of mixing to prevent the initial are-up of
transmission during quarantine.
Further, our observation of more than 90% asymptomatic infection among evacuees matches the higher
bound of 18–88% asymptomatic SARS-CoV-2 infection found in other studies [3, 7, 18, 19]. It also further
supports the role of asymptomatic or mildly symptomatic carriers in transmitting the SARS-CoV-2
infection [20]. Existing modelling techniques are well suited to the input of daily incidence data which is
easy to obtain for symptomatic cases. Our study had the limitation that daily testing and incidence data
could not be used in the situation of mass testing of individuals irrespective of symptoms. Also, our
population size was smaller and we had lesser number of data points. Therefore, we had comparatively
larger error estimates for the time-dependent R0 values derived.

Conclusion
R0 estimate for SARS-CoV-2 infection found in the Jaisalmer quarantine camp indicates similar
transmission pattern as in China during the early phase of the pandemic in January 2020. Testing all
individuals irrespective of symptoms and prompt isolation of infected individuals effectively interrupted
the transmission of SARS-CoV-2 in the quarantine facility. Therefore, this strategy is recommended for
routine implementation in all quarantine situations following overseas travel, so that transmission could
be prevented in the general population. This becomes especially important with the gradual resumption
of international travel. Role of asymptomatic individuals in transmission appears to be strong in the
context of quarantine of evacuees. Therefore, universal screening in closed populations and contact
screening generally appear to be more effective prevention strategies as compared to symptomatic
screening.
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Corona Virus Disease 2019
R0
basic reproduction number
RT-PCR
Reverse Transcriptase Polymerase Chain Reaction
SARS-CoV-2
Severe Acute Respiratory Syndrome Corona Virus 2
SEIR
Susceptible, Exposed, Infected and Recovered (or removed)
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Figure 1
Progression of SARS-CoV-2 infection (SEIR model) for the 474 individuals quarantined at Jaisalmer
facility
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Figure 2
Number of infected individuals – observed and tted to gamma distribution and overall R0 value

Figure 3
Number of infected individuals – observed and tted to gamma distribution and R0 value in rst wave of
testing and later
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