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Abstract

Background Nosocomial outbreaks of COVID-19 have been reported
sporadically since the beginning of the COVID-19 pandemic. We sought to
study the transmission dynamics in a nosocomial COVID-19 outbreak in
our centre.

Methods This was a retrospective cohort study in a 500 bedded tertiary
care hospital in South India. Inpatients who were suspected to have likely or definite hospitalacquired COVID-19 and hospital staff members who were found to be COVID-19 positive during
the same time frame were studied and the likely transmission dynamics described.
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Results During the study period, 173 patients were diagnosed to have COVID-19, out of which,
15 (8.6%) patients who fulfilled the criteria for likely or definitely hospital-acquired COVID-19
infection were identified from six different wards. During the same period, 121 hospital staff
members were diagnosed with COVID-19. Out of these, 18 (14.9%) hospital staff members
were identified who could have been the potential source of infection for these 15 patients
based on the overlap of location of the staff and the patients, and their infectivity windows.
Direct contact and fomite transmission were likely the predominant driver of transmission in
our study as there was use of universal face masks and face shields.
Conclusion Despite the admission of a large number of COVID-19 patients and a relatively
large proportion of hospital staff members who tested positive for the disease, the proportion
of nosocomial COVID-19 in our centre remained low. A policy of universal gloving, coupled with
the already existing practice of universal N95 masking and face shield use, could potentially
bring down the rate of nosocomial COVID-19 even further.
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Introduction
The COVID-19 pandemic has caused nearly 46 million
cases globally with nearly 1.2 million deaths.1 It has been
hypothesised that the principal mode of transmission of the
causative SARS-CoV-2 virus involves exposure to respiratory
droplets during close contacts with infected individuals.2
However, SARS-CoV-2 is also thought to have airborne or
aerosolised transmission under special circumstances, such
as being in enclosed spaces, spaces having inadequate
ventilation including the use of centralised air conditioning,
and, of particular importance in healthcare facilities, aerosolgenerating procedures.2,3 This characteristic of the virus
coupled with a signiﬁcant proportion of asymptomatic carriers
may contribute to its capability of transmission.2

Hospitals and other healthcare facilities tend to have a
combination of these factors present that can facilitate
transmission of COVID-19 despite adequate infection control
practices. There have been multiple reports of nosocomial
transmission of COVID-19 even though the rates remain
quite low.4,5 The use of wards with multiple patients sharing
a common air space, common air conditioning, common
washrooms that may generate aerosols, as well as the
potential of contact between hospital staff with patients
during routine clinical care potentially increases the risk of
nosocomial COVID-19. We report a cohort of 15 patients
with possible nosocomial COVID-19 over a period of 48 days
from a tertiary care centre in South India. We reviewed all
the patients who were diagnosed to have COVID-19 3 days
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Table 1 Criteria for classifying patients as community acquired or nosocomial COVID-194

Classiﬁcation

Day of diagnosis with respect to admission

Deﬁnitely community
acquired

•

Likely community acquired

•

Deﬁnitely hospital
acquired

•

Symptoms present during admission and ﬁrst RT-PCR test positive on days 3–7 after
admission
Symptoms present during admission, ﬁrst RT-PCR test positive on days 8–14 after admission,
and not tested prior to day 8
Symptom onset and ﬁrst RT-PCR test positive on days 3–7 after admission, with no known
exposure on day 1 or 2
Symptom onset and ﬁrst RT-PCR test positive on days 8–14 after admission, with known
exposure in the community prior to hospitalisation (in the 14 days preceding symptom onset)
Symptom onset and ﬁrst RT-PCR test positive on days 3–7 after admission, with known
exposure in the hospital on day 1 or 2, and no known exposure in the community prior to
hospitalisation
Symptom onset and ﬁrst RT-PCR test positive on days 8–14 after admission, with no known
exposure in the community prior to hospitalisation (in the 14 days preceding symptom onset)
Symptom onset and ﬁrst RT-PCR test positive on or after 15th day of hospital admission

Unknown

•

None of the above criteria

•
•
Likely hospital acquired

•
•

RT-PCR: reverse transcription polymerase chain reaction

after admission for a different reason. We then performed
a root cause analysis to assess the effectiveness of the
infection control program at the hospital.

potential exposures within or outside the hospital based on
a previous similar study (Table 1).4

This study was conducted as a retrospective cohort study
involving all patients suspected to have nosocomial
COVID-19 in a 500 bedded tertiary care hospital in South
India during a 48-day period between 23 August 2020
to 9 October 2020. We deﬁned nosocomial COVID-19 as
any patient having symptoms, signs or radiological chest
imaging suggestive of COVID-19 with a positive SARSCoV-2 reverse-transcription polymerase chain reaction (RTPCR) at least 72 hours (3 days) after hospital admission,
based on a previous study.4 Our study was exempted from
full review by the Institutional ethical board (vide letter
01-15/07/2021) due to minimal risk to patients and as
the study involved only information collected and analysed
as part of routine hospital infection control practice. This
study is reported as per the Strengthening the Reporting
of Obser vational Studies in Epidemiology (STROBE)
guidelines.6

The potential COVID-19 exposure for the patients was studied
by cross referencing the overlap of locations and periods of
infectivity between the patient, with either hospital staff who
worked in the same ward and tested positive for COVID-19
or with other patients admitted in the same ward who tested
positive for SARS-CoV-2. A deﬁnite exposure was taken as the
sharing of the same air space during the infectivity window of a
patient or staff member who tested positive for COVID-19. For
example, if a staff member working on a particular ward tested
positive for COVID-19, and a patient from that ward later tested
positive for COVID-19, an analysis was performed to assess
whether there was sharing of air space between this patient
and the staff member during the staff member’s infectivity
window. The infectivity window was taken as 72 hours prior to
symptom onset or a positive RT-PCR test as per governmental
guidelines.7 The duration of exposure, nature of exposure
whether direct contact or not, and physical distance between
the infected person and the contact were not studied due
to unavailability of data given the retrospective nature of the
study. The patients or staff who tested positive for COVID-19
were immediately isolated and hence no exposure was deemed
possible after test positivity.

Patient characteristics and data collection

Infection control practices

We identiﬁed all patients with COVID-19 in whom the ﬁrst
positive RT-PCR test result was obtained at least 72 hours
(3 days) after hospital admission. Post discharge patients
were not followed up for possibility of nosocomial COVID-19.
The medical records of the patients, their clinical features,
and movement within the hospital were studied by a single
physician (BR) to determine whether the infection was most
likely acquired prior to hospitalisation or after hospital
admission, based on the timing of symptoms, RT-PCR, and

The routine Infection Control and Testing Standards during
the study period remained the same as per governmental
guidelines, and included screening of all patients for
COVID-19 symptoms on admission, the use of RT-PCR initially
for all symptomatic patients and SD Biosensor Rapid antigen
test for all asymptomatic patients who were suspected to
have COVID-19 based on exposure or risk factors and this
was carried out as per governmental guidelines.8 There
were 100 beds that were dedicated for COVID-19 patients

Methods
Study design and setting
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Table 2 Epidemiological details of the potentially infective staff members

Location of
potential
exposure
Ward 1

Ward 2

Ward 3

Staff
Member

Category

Infective window start date

Infective window end
date

Infective
window
period (days)
10

A

Nurse

19-09-2020

21-09-2020

B

Nurse

16-09-2020

18-09-2020

C

Nurse

24-09-2020

26-09-2020

D

Nurse

19-09-2020

21-09-2020

E

Housekeeping

17-09-2020

19-09-2020

F

Housekeeping

16-09-2020

18-09-2020

G

Nurse

31-08-2020

02-09-2020

H

Nurse

31-08-2020

02-09-2020

I

Nurse

31-08-2020

02-09-2020

J

Nurse

31-08-2020

02-09-2020

K

Nurse

31-08-2020

02-09-2020

L

Nurse

09-09-2020

11-09-2020

M

Non-medical

31-08-2020

02-09-2020

3

N

Nurse

23-09-2020

25-09-2020

O

Nurse

22-09-2020

24-09-2020

4

Ward 4

P

Housekeeping

15-09-2020

17-09-2020

3

Ward 5

Q

Nurse

22-09-2020

24-09-2020

3

Independent
of ward

R

Doctor

03-10-2020

05-10-2020

3

Figure 1 Graphical representation showing the distribution of the patients, their respective locations, dates of potential exposure, date of
test positivity and the infectivity windows of the staff

334

JOURNAL OF THE ROYAL COLLEGE OF PHYSICIANS OF EDINBURGH VOLUME 51 ISSUE 4 DECEMBER 2021

50TH ANNIVERSARY YEAR

Nosocomial COVID-19 in South India

Table 3 Epidemiological details of the patients

Patient
number

Gender

Location of
potential
exposure

Date of
admission

Date of earliest
exposure

Date of RT-PCR Days from
Incubation
positivity
admission
period
to positivity

1

Female

Ward 1

28-08-2020

NK

04-09-2020

8

NK

2

Female

Ward 1

16-08-2020

NK

05-09-2020

21

NK

3

Male

Ward 2

14-08-2020

01-09-2020

15-09-2020

33

14

4

Female

Ward 1

10-09-2020

15-09-2020

18-09-2020

9

4

5

Male

Ward 1

12-09-2020

17-09-2020

23-09-2020

12

7

6

Male

Ward 1

21-09-2020

21-09-2020

24-09-2020

4

4

7

Male

Ward 1

18-09-2020

19-09-2020

24-09-2020

7

6

8

Male

Ward 3

08-09-2020

22-09-2020

27-09-2020

21

6

9

Male

Ward 1

12-09-2020

15-09-2020

27-09-2020

16

13

10

Male

Ward 1

17-09-2020

17-09-2020

28-09-2020

12

12

11

Male

Ward 1

21-09-2020

21-09-2020

30-09-2020

10

10

12

Male

Ward 6

17-09-2020

NK

05-10-2020

19

NK

13

Male

Ward 1

11-09-2020

24-09-2020

06-10-2020

26

13

14*

Male

Ward 1

03-10-2020

03-10-2020

07-10-2020

5

3

15

Male

Ward 5

08-09-2020

24-09-2020

08-10-2020

31

14

*Patient 14 had an exposure independent of location on the day of admission
NK: not known; RT-PCR: reverse transcriptase polymerase chain reaction

in admission units with airborne infection isolation rooms,
personal protective equipment (PPE) including universal
masking of both patients and hospital staff, with additional
face shields for all staff in accordance with the World
Health Organization and governmental guidelines, along with
restriction of visitors.
The governmental protocol to discontinue isolation
precautions for COVID-19 patients required a negative
SD Biosensor COVID-19 rapid antigen test result from
nasopharyngeal swab samples that was obtained on the
tenth day after symptom onset if they are asymptomatic
on the day of testing or if symptoms persist, one day after
the resolution of symptoms.9 If despite a negative RT-PCR,
the patient had a productive cough or required mechanical
ventilation, they were pre-emptively placed in isolation with
all precautions.
Statistical analysis
Descriptive analyses of patient and hospitalisation
characteristics were performed using Microsoft Excel 2016.

Results
During the study period, 173 inpatients were diagnosed to
have COVID-19. Out of these, 15 (8.6%) patients who fulﬁlled
the criteria for likely or deﬁnitely hospital-acquired COVID-19
infection were identiﬁed. There were 12 male and 3 female
patients. These patients were designated with numbers 1
to 15. These 15 patients were segregated based on their
locations from the time of admission to the time of diagnosis
of COVID-19 into 6 wards in the hospital designated by
numbers 1 to 6 (Figure 1).

50TH ANNIVERSARY YEAR

In the identiﬁed 15 patients, the mean hospital stay was
15.6 ± 8.9 days. Seven patients had a deﬁnite hospitalacquired COVID-19 as per the pre-determined criteria,
while 8 patients had a likely hospital acquired infection.
A probable exposure to a hospital staff who was in their
infective window was identiﬁ ed in 12 patients while in
3 patients (patient numbers 1, 2 and 12), a potential source
of infection could not be identiﬁed. In these 12 patients,
the mean incubation period, calculated with respect to the
earliest exposure to staff members in the infectivity period
was 8.8 ± 4 days (Table 2). A total of 11 (73%) patients were
located in ward 1. One patient each were located in wards 2,
3, 5 and 6. One patient (patient number 9) had an exposure
in both wards 1 and 4. In patient number 14, the exposure
likely occurred at the time of admission as the admitting
resident physician was in their infective window (Figure 1).
During this same study period, 121 hospital staff members
were diagnosed with COVID-19. Out of these, 18 (14.9%)
hospital staff members were identiﬁ ed who could have
been the potential source of infection for these 15 patients
based on the overlap of location of the staff and the
patients, and their infectivity windows. These consisted
of 13 staff nurses, 3 housekeeping staff, 1 non-medical
staff and 1 doctor. Out of these 18 staff members,
17 members together produced an infectivity window of
14 days in 6 wards, where the 15 patients were located
(Figure 1). One staff member was a doctor who produced
an infective window of 3 days independent of the location
as he was not assigned to any particular ward. In ward
1, there were 6 staff members identiﬁ ed who together
created an infective window of 10 days. In ward 2, there
were 7 staff members identiﬁed who together created an
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infective window of 3 days. In ward 3, there were 2 staff
members identiﬁ ed who together created an infective
window of 4 days. In ward 4, there was 1 staff member
identiﬁed who created an infective window of 3 days. In
ward 5, there was 1 staff member identiﬁed who created
an infective window of 3 days and in ward 6, there were no
potentially infective staff identiﬁed (Table 2).
The patients with nosocomial COVID-19, their location and
duration in the respective wards, the date of positivity and
incubation periods of these patients, and the infectivity
window of staff in those respective locations are summarised
in Figure 1. The patient details are summarised in Table 3
and the staff details are summarised in Table 2.

Discussion
This study was conducted as a retrospective cohort study
involving patients suspected to have likely or deﬁnite hospitalacquired COVID-19 in a tertiary care hospital in Kerala, India.
We found that 15 patients had likely or deﬁnite nosocomial
COVID-19. These 15 patients represented only 8.6 % of the
total number of COVID-19 cases admitted in the hospital
during the study period.
Our study found an incidence of 8.6% of nosocomial COVID-19
infections compared with the total burden of COVID-19 in
our hospital during the same time period. This was slightly
higher than the ﬁndings reported by Rhee et al.4 who found
an incidence of less than 1%. Our ﬁndings are substantially
lower than the results of a review by Zhou et al.10 which
suggested that up to 44% of COVID-19 infections may be
hospital acquired. However, it may be relevant that this review
was limited to studies that were conducted early on in the
COVID-19 outbreak in Wuhan, China, before the recognition
of the SARS-CoV-2 virus and implementation of adequate
infection control.
Hospital staff are at an increased risk of being exposed to the
causative SARS-CoV-2 and this factor could also potentially
have a role in nosocomial transmission of COVID-19. During
the Middle East respiratory syndrome coronavirus (MERS-CoV)
and severe acute respiratory syndrome (SARS) coronavirus
outbreak, nosocomial outbreaks of both these infections were
thought to have played a major role in the ampliﬁcation and
spread of the disease.11
Similarly, infection control with respect to COVID-19 is also a
difﬁcult task due to the nature of its transmission. Jones et
al.12 studied the relative contributions of transmission routes
in COVID-19 among healthcare workers directly providing
care for patients and found that the predominant route was
through inhalation (57%), followed by droplets (35%) and a
small proportion by direct contact (8.2%). In our hospital,
as per governmental guidelines, the use of a combination
of N95 masks and face shields had been made mandatory
since early on in the COVID-19 pandemic. The identiﬁcation
of hospital-acquired COVID-19 cases despite the use of
universal masking and face shields suggests the possibility

336

of direct contact while administering patient care and
fomite transmission being one of the predominant drivers
of transmission in our study. As a result of our ﬁndings,
we have implemented a policy of universal gloving for all
staff who are involved in the direct care of patients. This
policy involves the use of disposable gloves during contact
with any inpatient that are discarded immediately after use.
The use of gloves when dealing with potential COVID-19
patients was already in the institutional PPE guidelines,
which was expanded to all patients in the hospital due to
the ongoing pandemic and potential for fomite transmission.
Chang et al. reported in a systematic review and metaanalysis of 8 studies that demonstrated that implemented
universal gloving alone showed a signiﬁcant association
with decreased incidence of hospital-acquired infections
(IRR 0.77; 95% CI 0.67–0.89).13
Our study also identiﬁed a large cluster of 12 patients in a
single location, which turned out to be the general medical
ward, where there is maximum concentration of patients in
the hospital with an open cubicle model, and sharing of a
common centralised air system. This could have played a
role in the transmission given the predominantly inhalation
mode of transmission reported by Jones et al.13 Wong et al.14
reported early in the pandemic from Hong Kong that there
was no transmission in a general ward in their hospital after
extensive contact tracing and follow up of all the patients
and hospital staff who had come into contact with an index
case of COVID-19. However, that study concentrated on the
transmission from a COVID-19 patient to other patients and
to the staff members rather than from the staff member
to the patients. They also had only a single positive case
of COVID-19 and the patient stayed in the studied ward for
a period of only approximately 35 hours. Our study on the
other hand consisted of multiple windows of infectivity in
the general ward, with both staff and patients being infective
during these windows, which could have led to the cluster.
As a result of our ﬁndings that suggested a breach in the
contact precautions by the staff members, we have planned
to strengthen the infection control practices in the wards
identiﬁed to have been potential areas of transmission, with
the appointment of a full-time dedicated infection control
nurse in those areas.
Our study does have its limitations. First, our sample size
is relatively low and as the number of total cases increase,
the proportion of nosocomial COVID-19 may also increase.
Second, the possibility of asymptomatic bystanders being the
drivers of transmission could not be studied. Third, all cases
among admitted patients and hospital staff members may not
have been identiﬁed as only symptomatic patients underwent
testing. Due to the relatively high proportion of asymptomatic
cases of COVID-19, cases could have been missed in our
study. Fourth, we did not study the patients after discharge.
There could have been patients who developed symptoms
after discharge, but we were unable to look at these patients.
However, we did not admit any COVID-19 patients who had
been discharged from our own hospital in the preceding 14
days. Finally, patients transferred in from other centres were
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not included in the nosocomial category, but were considered
as community-acquired due to the retrospective nature of the
study and unavailability of data concerning the risk factors in
the previous hospital.
In conclusion, despite the admission of a large number
of COVID-19 patients and a relatively large proportion
of hospital staff members who tested positive for the
disease, the propor tion of nosocomial COVID-19 in
our centre remained low. The predominant route of this

transmission could have been through direct contact or
fomite transmission from infected staff to these patients.
The newly instituted policy of universal gloving coupled with
the already existing practice of universal N95 masking and
face shield use, could potentially bring down the rate of
nosocomial COVID-19 even further.
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