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(Abstract \

Background: Healthcare Workers (HCWs) have been assumed to be a cause of nosocomial outbreaks themselves as they are
at the interface between healthcare setting and the community and not limited to a single area. Covid-19 nosocomial infections
are more likely to occur in areas where prevalence of infection is high, and hypothetically the spread of infection is low among
HCWs in non-isolation ward areas where such patients are not admitted. We present an outbreak investigation report from a
low-risk medical ward and the factors associated with the outbreak.

Methods: A formal outbreak investigation was initiated in a low-risk medical zone of a tertiary care hospital when two HCWs
from the low-risk area turned positive for Covid-19. All HCWs including nurses and physicians who are involved in direct
patient care were included from these two areas for investigation except those who were on leave. The report included partici-
pants working in the low-risk zone from 16th April 2020 to 30th April 2020. The total number of HCWs in the two wards was
determined from the ward heads and the monthly roster. A predesigned pro forma was filled after acquiring the data and serial
coding was employed to maintain anonymity and confidentiality. The basic steps of epidemiologic field investigations as set
by the Center for Disease Control and Prevention (CDC) were adapted for investigation. SPSS V22.0 was used for analysis.
An epidemiological curve and a swimmer chart were plotted to illustrate the course of the epidemic to identify the index case.
The attack rate was also calculated and other risk factors for a hospital outbreak were also investigated.

Results: Twenty HCWs tested positive for Covid-19 out of 166 giving an attack rate of 12%. The Majority were registered
nurses (n=15) with a preponderance for male gender (n=12). Myalgias (n=11) and fever (n=10) were the common present-
ing symptoms. Three HCWs had a history of high-risk contact with a Covid-19 positive case. The origin of the outbreak was
presumed to be from the secondary ward where two HCWs reported infection while three patients tested positive around the
same time in both wards. The common physical risk-defining activity associated with high-risk contact was either not wearing
a gown (n=18) or prolonged contact with a patient who was not wearing a facemask (n=18). Lack of physical distancing and
taking meals together were the major behavioral risk factors increasing the risk of Covid-19 transmission (n=18).

Conclusion: This Covid-19 outbreak investigation reports an attack rate of 12% from a low-risk medical unit. The outbreak’s
likely origin was from patients who were admitted with other medical or surgical conditions and further triggered by subopti-
mal personal protective equipment practice and lack of physical distancing in HCWs.
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Introduction

Healthcare Workers (HCWs) have been postulated to be caus-
ing large nosocomial outbreaks themselves since they are
not confined to a single area and are at the interface between
healthcare setting and the community [1,2]. Nosocomial out-
break investigations help to identify the source of infection,
prevent additional cases, and increase our knowledge of dis-
ease control to face future outbreaks [3,4]. Covid-19 pandemic,
that initially began as pneumonia of unknown origin in Decem-
ber 2019 in Wuhan, China has similar symptoms and trans-
mission risks to that of influenza [5]. Hence, it is important to
identify outbreaks early, contain them, and prevent person-to-
person spread until identification of the cause of the outbreak
can be determined [4].

Covid-19 nosocomial infections are more likely to occur in
areas where prevalence of infection is high, for example the
wards housing most of the Covid-19 patients, and hypotheti-
cally the spread of infection is low among HCWs in ward areas
where such patients are not admitted. We recently had an out-
break of Covid-19 infections in a low-risk vicinity of the hos-
pital. Here we present the outbreak investigation report from a
low-risk medical ward and look at the risk factors linked to the
outbreak of Covid-19 in our low-risk area.

Methods

Study design, setting and participants

A formal outbreak investigation was initiated in a low-risk
medical zone of a tertiary care hospital when 2 HCWs from
the low-risk area turned positive for Covid-19. A low-risk
area (GREEN ZONE) was defined as the area of the hospital
reserved for patients who were either not suspected for Co-
vid-19 and were screened negative based on symptoms from
the Emergency Room (ER) or included those patients who
were initially suspected of Covid-19 from ER but later tested
negative for Covid-19 using reverse transcription - polymerase
chain reaction (RT-PCR) test. In our hospital all patients who
were Covid-19 positive or who were suspected of Covid-19
were housed in the Covid-19 diagnostic and testing Zone (Red
Zone) (on separate floors). Our study looked at two low-risk
areas: primary internal medicine ward and the adjacent sec-
ondary medicine ward. All HCWs including registered nurses,
health care assistants, physicians (residents, faculty, or interns)
who are involved in direct patient care were included from
these two areas for investigation except those who were on
leave. The report included participants working in the low-risk
green zone from 16th April 2020 to 30th April 2020.

Data was acquired from the Covid protector, persons desig-
nated by the hospital administration from every department to
assess all HCWs for possible exposures with SARS-CoV-2 ei-
ther from other patients, from co-workers, or even community
in some cases. The total number of HCWs in the two wards
was determined from the ward heads and the monthly roster. A
predesigned pro forma was filled after acquiring the data and
serial coding was employed to maintain anonymity and confi-
dentiality.

Outbreak investigation method

The basic steps of epidemiologic field investigations as set
by the United States Center for Disease Control and Preven-
tion (CDC) were adapted for investigation [6]. The diagnosis
of Covid-19 was based on a confirmed nasopharyngeal swab
RT-PCR test for SARS-CoV-2. HCWs with a positive test

were screened for any positive contacts outside the hospital
and if they had worked in the red zone in the last 15 days.
The contacts within the hospital were also screened and their
interactions with patients and other HCWs were noted to deter-
mine the risk of infection. Nosocomial Covid-19 infection for
HCWs was defined as having an onset of symptom or positive
test after having a history of contact in hospital with either a
positive HCW or a patient [7].

An epidemiological curve and a swimmer chart were plotted to
illustrate the course of the epidemic to identify the index case.
Apart from this, other risk factors for a hospital outbreak were
also investigated; like risk of exposure, details of Personal
Protective Equipment (PPE) worn at the time of exposure, the
proximity of contact (a close contact being defined as a contact
within 2 meters of the index case for a cumulative time of >15
min or had performed Aerosol-Generating Procedures (AGPs)
without ‘appropriate’ PPE), lack of physical distancing, non-
availability of changing rooms, and eating together without
masks and physical distancing. Exposure was defined high-risk
exposure when the HCW was not wearing the appropriate PPE
for a long duration (> 15 minutes) encounter at less than 2 me-
ters. Any other exposure was defined as low exposure.

Statistical analysis

Statistical Package for Social Sciences (SPSS) V22.0 was used
for analysis. Mean (SD) was reported for quantitative variables
while frequency and percentage were used for qualitative vari-
ables. Chi-square test was used as appropriate and a P value of
< 0.05 was significant. The attack rate (Number of HCWs at
risk who developed the disease/total number of HCWs at risk)
was calculated.

Results

A total of 166 (121 from the primary medicine ward and 45
from the secondary medicine ward) HCWs underwent testing
for Covid-19. Twenty HCWs tested positive during the out-
break period of 2 weeks, giving an attack rate of 12.05 %. The
mean (SD) age was 27.5 (4.2) years. As soon as the outbreak
was confirmed the infection control department and the chief
medical officer were informed. It was decided to test all pa-
tients admitted in the low-risk area along with all HCWs work-
ing in that area for Covid-19 infection. Majority (n=12) were
males. Registered nurses (n=15) were affected more frequent-
ly. Myalgias (n=11) and fever (n=10) were the common pre-
senting symptoms while 3 HCWs were asymptomatic. Three
HCWs had a history of high-risk contact with a Covid-19
positive case. Table 1 shows a detailed description of baseline
characteristics.

An epidemiological curve was plotted (Figure 1) with number
of cases against the date of symptom onset to see the progres-
sion of the illness over time. It showed that the maximum num-
ber of HCWs having symptoms on any given day was 4 and that
the symptoms started initially in the patient and HCWs of sec-
ondary medicine ward and then propagated over to the primary
medicine ward. A swimmer chart (Figure 2) was designed to
identify the index case based on the history of symptoms and
exposures in different HCWs and patients. Two HCWs started
having symptoms at the same time on 17th April 2020, one of
them was from the secondary ward the other was looking after
patients both in secondary and primary low-risk green zone.
Additionally, one patient from the secondary ward developed
symptoms prior to the development of symptom in the two
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Table 1: Baseline characteristics and presenting features of
Covid-19 positive healthcare workers.

Characteristics N (%)
Mean Age Years (SD) 27.5(4.2)
Gender

Male 12 (60%)
Female 8 (40%)
Designation

Healthcare assistant 2 (10%)
Registered Nurse 15 (75%)
Resident Physician 3 (15%)
Ward

Primary medicine ward 13 (65%)
Secondary medicine ward 7 (35%)

Exposure to a Covid-19 positive case

Low-Risk 2 (10%)
High-Risk 17 (85%)
No 1dentifiable exposure 1(5%)
Presenting symptoms

Fever 10 (50%)
Cough 4 (20%)
Flu 3 (15%)
Headache 2 (10%)
Myalgias IT (55%)
None 3 (15%)
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Figure 1: Epidemiological curve with number of cases
against the date of symptom onset to see the progression of
the illness over time.

HCWs while another patient in the primary ward developed
symptoms four days later. Another patient from the primary
ward was later identified as having Covid-19 on routine testing
prior to a surgical procedure (see Appendix). Hence, it can be
hypothesized that the index case was either one of the HCW
mentioned above or the patient in the secondary ward.

Factors associated with the outbreak in health care profes-
sionals

Further exploration was conducted of the reasons for the out-
break of Covid-19 in the low-risk green zone. The common
physical risk-defining activity associated with high-risk con-
tact was either not wearing a gown (n=18) or prolonged contact
with a patient who was not wearing a facemask (n=18) (Table
2). Lack of physical distancing and taking meals together were
the major behavioral risk factors increasing the risk of Cov-
id-19 transmission (n=18) (Table 3). Analyzing differences in
practices and activities between both genders, it appeared that
both males and females had similar infection control practices
when dealing with patients or performing various procedures
except when performing AGPs where five males did not follow
proper protocol when doing procedure while all females were
wearing adequate PPE (p=0.05).

Table 2: Physical risk-defining activities of healthcare
workers in the low-risk ward.

Physical Risk factors N (%)
AGPs procedures without N95 mask and eye | 5 (25%)
shield

Prolonged contact with a patient who was not | 18 (90%)
wearing a face mask

Dealing with patients without a gown 18 (90%)
Dealing with a patient without gloves 10 (50%)
Dealing with a patient without a facemask 4 (20%)
Non-availability of changing rooms 12 (60%)

AGPs: Aerosol generating procedures

Based on these findings it was hypothesized that lack of prac-
tice with the correct PPE and lack of physical distancing, and
possibly suboptimal screening of patients for Covid-19 in ER
contributed to this outbreak of Covid-19 in a low-risk green
zone of the hospital.

Patient 1 ]

HCW 1

HCW 2

HCW 3

HCW 4

HCW 5

HCW 6

HCW 7
HCW 8
HCW 9
HCW 10
Patient 2

HCW 11

HCW 12

HCW 13

HOW 14

HCW 15

HCW 16

Patient 3

HCW 17

HCW 18

HCW 19

HCW 20

147 157 16" 17t 18" 19" 207
Apr Apr Apr Apr Apr Apr Apr

Key

21% 2™ 237 247 250 26" a7 28"

Apr Apr Apr Apr Apr Apr Apr Apr
| Tested positive ! Infective period

Exposure ] I Symptom !
Non-isolation symptomatic admission period prior to testing

| = | Source of exposure

| ===+ | Possible source of exposure

Figure 2: Swimmer chart to identify the index case based on the history of symp-
toms and exposures in different HCWs and patients.
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Table 3: Behavioral risk-defining activities among healthcare
workers in the low-risk ward.

Behavioral Risk factors N (%)

Lack of physical distancing 18 (90%)
Non-compliance with hand hygiene | 10 (50%)
Sharing meals together 18 (90%)

Discussion

We report from this Covid-19 outbreak investigation in HCWs
from a low-risk area of the hospital that the outbreak resulted
from possible suboptimal screening of asymptomatic patients
with Covid-19. The outbreak was further triggered due to
lack of physical distancing and sharing meals together among
HCWs. We also noticed that both the physical and behavioral
risk factors mentioned above were more prevalent among nurs-
es as compared to resident physicians.

A large meta-analysis on nosocomial Covid-19 confirmed and
near-outbreaks consisting of 22 studies from United States, Eu-
rope, and Asia [1], focused more on nursing homes rather than
HCWs. The attack rate from this meta-analysis concerning
HCWs ranged from 2.5% to 17%. However, there are only few
reports of Covid-19 outbreak in a low-risk area of the hospital
[8-10] with attack rate being reported as low as 2.5% in the
study from the United States [8] and 5.2% from Germany [9].

An Italian study showed that with proper following of the in-
fection protocols, the prevalence of SARS-CoV-2 is just 0.43%
among all HCWs working at a healthcare institution [11]. Our
study showed an attack rate of 12.05% which falls within the
figures reported in the studies mentioned above. However,
our findings are specifically from a low-risk area in a hospi-
tal. This might imply that these numbers are slightly higher
because they are from a low-risk area. The reasons behind
this relatively high attack rate are inappropriate use of PPE in
the early days of the pandemic due to lack of awareness thus
leading to variation in practice. Secondly, HCWs working in
low-risk areas might have been illusioned that they might not
contract Covid-19 as they are in low-risk areas. Thirdly, the
standard infection control practices in the low-risk area were of
course less stringent compared to the high-risk red zone. Fur-
thermore, some patients with minimal suspicion of Covid-19
or those who were either asymptomatic or screened preopera-
tively can be the source of outbreak in low-risk green zone.
Finally, patients may have tested negative for the SARS-CoV-2
PCR initially as they might have been in the incubation period.
This was also seen in a study from Korea where the index case
behind the outbreak initially tested negative on admission but
later developed symptoms and turned out to be positive for Co-
vid-19 [12].

The chain of transmission of Covid-19 in our ward likely
started from a patient who turned out to be positive for Co-
vid-19 and was probably missed in the initial screening. Once
HCWs were infected from the patients, further propagation of
Covid-19 in the ward was more likely due to transmission be-
tween HCWs rather than due to interaction between HCWs and
patients. However, during this period a similar high infectiv-
ity rate was not seen in the patients admitted in the low-risk
ward. Literature review shows that the healthcare community
has also been pondering on the fact that the risk of Covid-19
transmission to HCWs is more during peer-to-peer interaction
rather than during direct patient care [1,13]. Unfortunately, like
our study, most of the other studies were also unable to estab-
lish the sequence of infection in patients and hence were un-
able to identify the index case [14].

Our study showed that most of the individuals aftected by this
outbreak were nurses. This may be because the total number of
nurses working in the medicine ward was far greater than that
of physicians. Moreover, limited eating areas for nurses could
be the reason for nurses’ inability to maintain physical distanc-
ing while taking meals. Studies done globally show a similar
trend [9,14], except a study from Wuhan which was dominated
by physicians as the source of infection was a multidisciplinary
meeting in that study [15]. No significant differences were ob-
served in the practices of the infected male and female HCWs.
Performing AGPs was the only activity where the male popula-
tion did not properly follow the PPE protocols. However, since
the number of patients turning out positive for Covid-19 was
small, the significance of this difference remains unclear.

The reasons behind nosocomial outbreaks in low-risk areas can
be complex. Contributing factors can include suboptimal hand
hygiene or other infection control practices by HCWs; inad-
equate laboratory results or inappropriate triaging; incorrectly
engineered heating, ventilation, and air-conditioning systems;
or even misinterpretation of existing infection control guide-
lines [16]. The common factor in our study which predisposed
our HCWs to be classified as a high-risk contact was lack of
wearing a gown while interacting with either patients or other
HCWs and lack of wearing a face mask by those patients and
HCWs who were symptomatic for Covid-19. Whether it in-
volves facemask compliance of patients or the compliance of
PPE by the HCWs, the overall compliance of PPE and other in-
fection control practices in a healthcare setup has remained an
issue globally [17]. Literature also shows that major risk fac-
tors for other nosocomial outbreaks are lack of compliance to
PPE especially masks, and proper hand hygiene [18]. Studies
from Massachusetts and North Carolina showed that chances
of Covid-19 transmission among HCWs were greater from an
unmasked exposure to another HCWs rather than an exposure
to a known infected patient [18,19].

ZEven with the advent of vaccines, the primary prevention
technique for the Covid-19 pandemic still revolves around
physical distancing [20]. There is no doubt that physical dis-
tancing also has an important part to play in a healthcare setup
[21] It is ideal to have six feet between HCWs when rounding
on patients or performing tasks on computers. Our investiga-
tion showed that lack of physical distancing was one of the
major behavioral risk-defining activities among HCWs, with
the other being sharing meals. Mealtimes are regarded as a
restful and stress-relieving period and sharing of meals is often
practiced all around the world. Though sharing of meals and
eating out in restaurants has been seen to cause an increase in
Covid-19 transmission [22], only one study has commented on
the lack of physical distancing while eating unmasked as a risk
factor for Covid-19 transmission among HCWs [18].

Studies from around the world have also shown that universal
masking policy results in a significant decrease in nosocomial
transmission of Covid-19 [18]. Apart from this, there should
be an arrangement of a dedicated, well-ventilated area where
HCWs can take a break from daily work activities and can
have their meals [18]. This restructuring should be extended
to reorganization in the ward structure to help in the imple-
mentation of physical distancing [21]. Early identification of
potential patients using diversified testing criteria and having a
low threshold for testing to avoid missing less suspicious cases
may also avoid invariable exposures to HCWs [1] While stud-
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1es have shown that serial testing of patients and HCWs every
7-10 days may identify outbreaks early [23], this may be dif-
ficult and costly in a resource-constrained setting.

Once the outbreak investigation concluded, a set of sweeping
reforms were introduced to minimize the occurrences of such
outbreaks in the future: (i) PPE protocols were revised in low-
risk medicine wards and it was made mandatory to wear gown
and face shield/goggles in addition to gloves and face mask in
all interactions with patients, while face mask and face shield/
goggles were made mandatory to be worn all over the hospi-
tal; (ii) Use of an N95 mask was made mandatory whenever
an HCW went into a high-dependency unit; (iii) Number of
HCWs in the unit at a certain time was reduced by restructuring
the roster and keeping the minimum number on duty as needed
to maintain quality care. This was also done to minimize the
number of exposures in case any HCW became symptomatic
and tested positive for Covid-19; (iv) HCWs were advised to
strategically plan their rounds and reduce unnecessary physical
examinations. Computers were placed six feet apart and HCW's
were discouraged from taking long breaks together. In addi-
tion, taking meals within the vicinity of the ward or in larger
groups anywhere in hospital was disallowed to maximize the
compliance to physical distancing; (v) Universal testing for
SARS Covid antigen was done on all patients being admitted
form ER and better screening mechanisms for symptoms at en-
try points of all hospital wards was mandated; (vi) Educational
and awareness sessions were conducted for HCWs for correct
practice of PPE and on importance of physical distancing.

Our study is one of the first to address a nosocomial Covid-19
outbreak from Asia / developing countries. The study also
helped in initiating specific reforms and policies for the safety
of the HCWs working in a developing country in a resource-
constrained setting. It reports both physical and behavioral
risk factors for contracting infections. However, despite these
strengths, the study does have some limitations. Firstly, data is
lacking on the number of patients who were Covid-19 infected
during this period from the two wards and were discharged pri-
or to testing. Secondly, the data regarding the symptoms of the
HCWs and their activities is limited by recall bias and the fear
of being caught out due to not following the hospital infection
control policies in place. Finally, there may be a few HCWs
and administrative staff from other wards who may have had
close contacts with HCWs of our ward leading to missed ex-
posures.

Conclusion

This Covid-19 outbreak investigation reports an attack rate
of 12.05 % from a low-risk medical unit. The likely origin of
the outbreak was from a patient who was admitted with other
medical or surgical conditions. The outbreak was further trig-
gered by suboptimal PPE practice and lack of physical distanc-
ing in HCWs. It also allowed to evaluate the current surveil-
lance system of infection control and modify it to improve PPE
awareness and implementation and to introduce protocols to
maintain physical distancing and mass screening using antigen
testing for Covid-19 in ER.
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