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Non-Respiratory Droplet Transmission of COVID-19 in the
Isolation Ward of a Secondary Hospital in Oman

A Return to Isolation Basics
Zayid K. Al Mayahi, MD, DFE,* Nawal Al Kindi, MD, FRCPATH, RCPI,† Nasser Al Shaqsi, BSN,*
Noaman Al Hattali, DN,* Azza Al Hattali, BSN,* Khalid Salim, MD,* and Mark Beatty, MD, MPH‡
Front-line health care workers are among the most vulnerable groups
at risk for acquiring COVID-19, yet the exact mechanisms of how infec-
tions occur in health care settings are yet to be identified.
Objectives: To review the epidemiologic and environmental factors sur-
rounding a cluster of nosocomially acquired COVID-19 cases with possi-
ble non respiratory droplet transmission indicating the importance of
strict adherence with isolation procedures for patients and staff.
Methods: Contact and environmental investigations were completed
to determine the source and possible routes of hospital transmission
of COVID-19.
Results: Seven cases of COVID-19 occurred in the COVID-19 isolation
ward of a secondary hospital from 12/04/2020 to 01/05/2020. Analysis also
included first four COVID-19 patients admitted to this facility. Epidemio-
logic links included exposure to massive bowel movements of two infected
patients in adjoining rooms on the same day. Serious gaps in infection control
practices lead to further spread the virus and cross infection between the staff.
Conclusion: Despite preparedness to combat pandemics, the infection
control precautions taken at this facility were found not sufficient to pre-
vent nosocomial spread of COVID-19. Issues were identified with compli-
ance, enforcement, and failure to update to the most current guidance.
Urgent review of ongoing hygiene and isolation practices in hospitals of
this type is indicated. Further studies are required to better understand the
role of fecal oral transmission and environmental contamination in the
transmission of COVID-19.
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A s of November 8, 2020, the number of total confirmed cases
of COVID-19 in Oman was 117 167. Globally, the number of

confirmed cases had reached over 49.7 million, with 1.2 million
deaths.1 In 2020, COVID-19 continues to have an exponen-
tially increasing impact globally from various medical, social,
economic, and political perspectives.2 As a novel virus with no
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known previous infection documented before 2019, much remains
uncertain about the infectivity, transmission, and the human im-
mune response.3,4

The health systems of all affected countries have been placed
under huge stress in terms of preparing and coping with, both
suspected and confirmed cases. This situation has been made
worse in hospitals where nosocomial infection has occurred, neg-
atively affecting staffing levels. This descriptive report describes
once such nosocomial clusters in an isolation ward of a secondary
hospital in Oman. The identified weakness in hygiene and isola-
tion procedures are a reminder for strict adherence to current
COVID-19 transmission reduction practices, especially those re-
lated to the fecal oral transmission and environmental contamina-
tion, to control further nosocomial viral spread.

MATERIALS AND METHODS

Study Facility
The cluster was located at a secondary hospital in Rustaq

state that serves a population of 431,6005 people. This facility
receives patients from local primary health care providers and
through its emergency department. It has 236 beds with a
COVID-19 isolation ward of 16 beds, 5 of which are designated
for critical care.

Screening and Isolation Procedures
As part of its preparation for the ongoing pandemic, the hos-

pital converted its maternity ward into an isolation ward for the
treatment of suspected and confirmed cases of COVID-19. The
ward is located at the very end of the hospital, allowing an isolated
pathway to the ward for patients referred from within the hospital
and from outside. The ward was further divided into two wings,
one for the suspected cases and one for the confirmed cases of
COVID-19. Appropriate medical and paramedical staff were then
assigned to solely work in the isolation section. They were ad-
vised to always remain in the ward until the end of their duties,
practice hand washing and use respiratory precautions when ex-
posed to the patients. No universal masking throughout the hospi-
tal was yet followed.

Patient samples for COVID-19 were sent to the Central
Public Health Laboratory (CPHL) in Muscat. The hospital
started to test samples using its own laboratory on the 23rd of
April 2020, though only selected samples meeting the COVID-19
case definition were included. The hospital followed the case
definitions approved by the Ministry of Health: a suspected
case was defined as a person with acute respiratory syndrome
(which included sudden onset of at least one of the following:
fever ≥38 C, cough, shortness of breath, sore throat) and/or a per-
son with pneumonia and/or a patient admitted with a severe acute
respiratory infection (SARI) or one who developed a SARI while
in hospital.
er 2021 www.infectdis.com e371

Health, Inc. All rights reserved.

mailto:almayahi96@hotmail.com
http://www.infectdis.com


Al Mayahi et al Infectious Diseases in Clinical Practice • Volume 29, Number 6, November 2021
Laboratory Methods
COVID-19 was confirmed based on reverse transcriptase po-

lymerase chain reaction (RT PCR) completed in the (CPHL). Re-
spiratory samples, including nasopharyngeal and oropharyngeal
swabs, were sent to CPHL in approved national and international
viral transport media (VTM, UTM by COPAN, Italy),6 packed in
a triple package set for safety and to enhance recovery of the viral
agent. At CPHL, new real time PCRmachines introduced and along
with the new testing kits (Liferiver, Shanghai, China; Sansure,
Changsha China; Kingfisher, Waltham USA; Cobas 6800 Basel
Switzerland), some of which also had gained US FDA emergency
use authorization (EUA).7,8 The different RT PCR kits were used
to allow the laboratory to target more than a single gene, giving
the tests higher sensitivity (71 to 98%) and specificity (90 to
100%).7–9 Validation of the machines and kits used was done
prior to use, and all assays included positive and internal controls
to assure test accuracy.

Ethical Considerations
This study was exempt from ethical approval by the institu-

tional research committee, because it was a public health outbreak
investigation.
RESULTS
Cases 1, 2, 3 and 4 were the first four confirmed cases ever

identified at this facility. They were admitted to the isolation ward
on 12th, 17th, 18th and 20th of April. The first patient, Case 1 was a
42 years old male, with no significant past medical history, who
developed fever and cough on 7th April and was admitted for two
days. The Case 2 was a 68-year-old female with diabetes and hy-
pertension. She presented to the emergency department on 15th

April with a two-day history of cough, dizziness, and fever. She
was discharged home because she was clinically stable, though
her initial COVID-19 test was positive. Two days later, she was re-
turned in worsening condition and was admitted. She died on 23rd

May. The Case 3 was a 67-year-old male, who also had history of
diabetes and hypertension. He was a contact of the Case 2, and,
therefore was tested for COVID-19 on 17th April. The next day
his result was positive and hewas admitted due to complaints of in-
termittent chest pain, fever, cough, vomiting and loose stools. He
was discharged on 16th May. Case 4 was a 67 years old male, with
history of hypothyroidism, and asthma, developed fever, shortness
of breath and cough on 15th April, and was discharged from hospi-
tal on 2nd May.

Subsequently cases began to occur among health care workers
(HCWs). The first HCW, Case 5, was diagnosed on the 22nd of
April, followed by five other HCWs cases: One doctor and three
nurses, along with a custodian from the ward. It is worth mention-
ing, that until this cluster had happened, there was no requirement
to wear the masks in the hospital nor in the isolation ward outside
patient rooms. Masking was only recommended when dealing with
suspected or confirmed patients with COVID-19.

After diagnosing the second HCW, the hospital administrator
requested support from the public health department to control the
cluster through a thorough investigation.

The onset of symptoms for the first diagnosed HCW (Case
5) occurred on 20th April. This was a female nurse reporting job
stress while working on the COVID-19 ward. She was suffering
from severe anxiety, according to her colleagues who noted be-
haviours such as wearing three sterile gloves at once, using double
masks, and donning full sterile gear when it was not required by
the hospital’s infection control procedures. She had night shifts
on the 17th and 18th of April. She was assigned to take care of
e372 www.infectdis.com
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the Cases 2 and 3; this was her first exposure to laboratory con-
firmed COVID-19 patients.

Early in the morning of 19th April, both her patients (Cases 2
and 3) suddenly developed excessive diarrhoea, particularly the
male patient. They were in separate but neighbouring rooms, and
one HCWwas assigned to manage both patients, while all respira-
tory isolation precautions were in place. They both had increased
frequency and fecal urgency, to the extent that the second patient
released a profuse amount of loose stool that spilled over a large
area of the bed and floor. Shortly thereafter, this patient’s respira-
tory status rapidly deteriorated and required full ventilatory sup-
port that afternoon.

HCWs began to develop symptoms the next day. The Case 5
developed cough and sore throat. Next, a housekeeper (Case 6)
and two other staff nurses on the COVID-19 ward (Cases 7 and
8), who had assisted the housekeeper in the clean-up of the pro-
fuse diarrheal episode mentioned above, developed symptoms
on the 27th, 26th and 23rd of April, respectively. These HCWs
were subsequently laboratory confirmed with COVID-19. The
housekeeper was admitted for 2 days. The remaining physician
(Case 9) and the fourth nurse in this cluster (Case 10) showed
symptoms on the 24th and 26th of April, respectively. These two
HCWs had not participated in clean up; however, they were both
exposed to already-infected staff because masking was not re-
quired on the Ward outside patient room. Specifically, they had
unprotected exposure several times on that day during their dis-
cussion in the ward with the ventilation nurse specialist (Case 8)
and while having their break together.

Case 11 in this cluster was an 80-year-old female with diabe-
tes, hypertension, and ischemic heart disease, who was already
bed ridden. She was admitted with chief complaint of dyspnoea
on 17th April. Though she had no history of fever or other upper
respiratory tract symptoms, she was considered a suspect case.
She was roomed next to the second and third patients from 18th

to 20th April on the COVID-19 ward. Since her admission
COVID-19 test from the 18th April was negative, she was trans-
ferred from the COVID-19 ward to the female general medical
ward where she remained until 22nd April. Six days after dis-
charge she developed a rhinorrhoea, cough, headache, and short-
ness of breath. Her second COVID-19 test was positive. Thus, she
was readmitted on 1st May and died on 9th May.

This patient was linked to the cluster, because the only re-
markable epidemiological exposure she had was during her first
admission with a number of above mentioned HCWS (Cases 9
and 10) and especially the housekeeper (Case 6).

The two HCWs (case 8 and 9) and the patient (case 11) from
the hospital cluster resulted in six cases among family contacts,
while patients (case1,2,3 and 4) resulted in an additional 12 cases
among family contacts.

There were several major gaps in the practice of infection
control in the ward, which may have led to this chain of infection.
Some of the staff assigned to the COVID-19 ward had no previous
experience in caring for patients with communicable diseases.
There was no required staff training specific to COVID-19 or in-
fection control, in general. The ward was congested including
the corridor with a lot of staff and computer desks, some unneces-
sary staff such as the security guard were allowed to use the staff
changing room within the ward. There was easy and unmonitored
movement of the staff within the ward with no reminders nor spe-
cial precautions required when moving between patients in the
same ward. Waste containers containing used masks etc. were full
and open. Dedicated spillage kits for large biohazard clean up
were not available in the ward.

A total of 40 hospital staff were exposed to these cases when
they had insufficient protection and were furloughed for 14 days
© 2021 Wolters Kluwer Health, Inc. All rights reserved.
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on home-isolation. Following the investigation, no additional
cases were diagnosed in relation to this cluster.

Figure 1 demonstrates the distribution of the cases among the
HCWs and patients by date of onset and duration of admission.
DISCUSSION
We reported the first report nosocomial and possibly non-

respiratory transmission cases of COVID-19 among HCWs in
Oman and the Gulf Cooperation Council and at the time of this
cluster, few cases had been reported elsewhere.10–12 A more re-
cently published study from Oman found that majority 61.3%
(n=125) of HCWs infections had occurred from the community,
followed by hospital acquired infections 25.5% (n=52), while
those with no source identified were 13.2% (n=27).13

The four cases (Cases 1-4) admitted before the nosocomial
transmission that resulted in symptomatic HCW were the first
ever COVID-19 patients admitted to this facility. It is unlikely that
the first admitted patient was the source of this cluster, because
none of the health care workers who developed the disease were
exposed to him except for the physician who examined him only
once on 14th April, while he developed symptoms 10 days later.
Since this patient remained in an isolation room, with acceptable
respiratory precautions being followed and no exposures to bodily
fluid to or from this patient occurred, it seems unlikely this patient
(Case 1) was the source13,14 and, likewise, for the patient (Case 4).

The second and third patients admitted (Cases 2 and 3) were
the likely sources of transmission in the ward. These infections
could have occurred through direct respiratory transmission; how-
ever, the unexpected and excessive loose bowel movement pro-
duced by both patients in the early morning of 19th April made
contact with infected bodily fluid equally possible. Their assigned
nurse was terrified of working on the COVID-19, and in addition
to the sudden stress imposed by two patients requiring urgent care,
her attention may have been diverted from other important pro-
cedures like thorough handwashing for 20 second. Indeed,
COVID-19 itself is considered an independent risk factor for the
stress among HCWs.15

The amount of the watery stool allowed to seep onto the beds
and floors was excessive, and a great deal of time had to be spent
cleaning the area. A large area of the environment and the pa-
tients’ surroundings were thus contaminated for quite a long time.
Two nurses assisted the housekeeper in the cleaning up of the
stool, but the housekeeper herself was neither fully aware nor suf-
ficiently experienced or trained in the necessary infection control
practices. She was also involved for the routine cleaning of the
FIGURE 1. Distribution of the cases among the HCWs and patients by d

© 2021 Wolters Kluwer Health, Inc. All rights reserved.

Copyright © 2021 Wolters Kluwer 
entire ward where all four staff directly involved in this episode
became infected.

Case 11most likely acquired the infection from theward dur-
ing her admission to the COVID-19 ward as a suspected case
which overlapped the diarrheal episode on the 19th. The house-
keeper may have distributed the infection to other rooms while
cleaning them or while removing the waste containers. She may,
however, have acquired the infection through contact with any in-
fected pre-symptomatic HCWs.

While it is possible that the infections could have originated
from an exposure in the community rather than the hospital, the
epidemiological investigation done for each case of this cluster
did not reveal alternative exposure to known cases in the community.
In addition, since it was still early in the pandemic in Oman, the
number of cases in the community were still limited to few clusters
and all were under the surveillance and control of the regional public
health authority. Thus, the epidemiological linkages presented for
this cluster are the best available explanation for transmission in
the cluster in the in the absence of genome sequencing.

While not considered a main source of transmission for
COVID-19, there is evidence that to suggest contaminated fomites
may have played a role in this cluster. The environment, especially
the floor and the patients’ surroundings, were grossly contami-
nated with stool. Since SARS-CoV-2 virus may be persistently
shed in the stool for more than a month, stool itself may have been
transferred by the housekeeper to other areas of the ward such as
the staff changing room, the work tables and laptops, and the nurs-
ing stations. Earlier studies from China have raised the alert of the
possibility of transmission through fecal oral route. In one of them, it
was found that almost 53% of patients tested positive for SARS-
CoV-2 RNA in stool, while 23.29% continued to show positive re-
sults in stool, when the respiratory samples were negative.16 In a
meta-analysis, the pooled prevalence of positive stool samples with
viral RNAwas 48.1% (95%CI, 38.3–57.9), whereas, 70.3%of them
remained positive after respiratory clearance.17 Studies have also
demonstrated how the virus shed in the stool could also lead to large
contamination in the environment.18 Environmental samples, for in-
stance, were collected for a COVID-19 patient in Singaporewhowas
admitted with symptoms of cough but no diarrhoea, had 2 positive
stool samples for SARS-CoV-2 by RT-PCR. Results were positive
for 13 of 15 room sites (including air outlet fans) and 3 of 5 toilet
sites (toilet bowl, sink, and door handle), while the anteroom and
corridor samples were negative.19

Fomites have played a significant role in the nosocomial
transmission of other corona viruses.20,21 A recently published
study found that the coronavirus particle may remain viable up
ate of onset and duration of admission.
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to 9 days on the inanimate surfaces at room temperature depend-
ing on their composition.22

Although the exact contribution of hand hygiene in the reduc-
tion of COVID-19 transmission has not been proved yet, certain
laboratory data and experiences, have shown that SARS-CoV-2
can be inactivated using the alcohol-based hand rub (ABHR) pro-
vided that alcohol concentration is within the acceptable range
(60%-95%).23–25 It is equally important to consider hand washing
with water and soap for at least 20 seconds, especially when hands
are visibly soiled before eating or after using the restroom.26 It is
also possible in this scenario and especially with the unstrict infec-
tion control measures, lack of experiences in dealingwith COVID-
19, and the growing stress of the staff, that careful and thorough
hand washing was not properly performed. Again, some of the
staff may have also had contaminated their clothes not only their
hands, leaving some moist areas on their clothes. This may require
them to have full shower, and change their clothes, and PPEs to en-
sure full decontamination.

It is also important to mention, that other HCWs could had
been infected but remained asymptomatic. Screening hospital
staff for asymptomatic infections was not practicable here. How-
ever, a study conducted in a large tertiary hospital in Egypt found
the frequency of positive tests was more among subjects with
minor symptoms (50%) compared to completely asymptomatic
HCWs (16.1%).27

Immediate and serious control measures were taken to correct
the obvious lapses of infection control, including full fumigation of
the whole isolation ward using hydrogen peroxide. With exception
of the corridor in the isolation ward for both the suspected and con-
firmed wings, other areas including; toilets, staff changing rooms,
and patients’ rooms were fumigated by trained staff. This important
and critical procedure along with immediate isolation of infected
HCWs and their contacts seemingly worked well to stop further
transmission. The prompt disinfection and cleaning of potentially
contaminated surfaces were also recommended upon detection of
infected SARS-CoV-2 virus on patients’ surroundings in Korea.28

A recently published study has also demonstrated that hydrogen
peroxide acts as an efficient disinfectant in health care settings;
however, it requires well-trained technical staff for effective use,
and it can cause eye and nose irritation at high concentrations. As
a result, there is time required following disinfection before a room
can be used again.29

The chain of infection in this case was identified as extending
to 18 additional contacts of the infectedHCWs to their families. It is
also suggested that the cycle of transmission between the hospital
and the community be interrupted by establishing what is known
as enhanced control traffic bundling (eTCB), which has proved its
effectiveness in countries such as Taiwan.30

It is always important to adopt a holistic and systematic ap-
proach in the epidemiological investigations of the cases by
looking into unusual routes of transmission of such viruses espe-
cially during the current pandemic, however, it is more important
either to return to the basics of common routes of transmission
such as respiratory droplets.

As a case series this investigation was limited by the lack of a
comparison group and small sample size preventing multivariate
analysis of risk factors. However, the findings were consistent
with other published investigations.
CONCLUSIONS
The hospital appears to have been insufficiently prepared to

deal with cases of COVID-19, especially those with gastroenteric
symptoms where transmission by droplets and fomite contamina-
tion were occurring. Increasing training among frontline HCWs
e374 www.infectdis.com
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and other hospital staff not involved in direct patient care and en-
suring adherence to the infection control guidelines are the major
areas for improvement. This pandemic has shown the absolute need
for continuous reinforcement of basic of the infection control.
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