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Purpose: To estimate the risk of hospital-acquired COVID-19 transmission in a population of orthopaedic trauma patients during the
first wave of the pandemic.
Patients and Methods: This is a retrospective cohort study of 109 patients who underwent an emergent orthopedic procedure by
a single orthopedic traumatologist between March 1, 2020 and May 15, 2020 during the first peak of the pandemic. After applying
inclusion and exclusion criteria, a total of 82 patients (67 inpatients and 15 ambulatory) were identified for final analysis. The primary
outcome measured was postoperative Coronavirus (COVID-19) status. Secondary outcome measures included length of stay and
discharge disposition.
Results: The mean age and length of stay in the hospital group was 59.5 years (± 21.7) and 4.3 days (± 4.6), respectively, versus 47.9
years (± 9.8) in the ambulatory group. 7.3% (6/82) of the inpatients subsequently tested or screened positive for COVID-19 at 2 weeks
post-operatively, compared to 0/15 ambulatory patients (P=0.58). Of the 6 inpatients who tested positive, 4 (66.7%) were discharged to
a rehabilitation center. Diabetes (P=0.05), hypertension (P=0.02), and congestive heart failure (P=0.005) were associated with
transmission.
Conclusion: In this analysis, there was a nosocomial transmission rate of 7% compared to zero in the ambulatory surgery center,
however this was not found to be statistically significant. This data supports the use of precautions such as frequent screening, hand
washing, and masks to reduce transmission when COVID-19 rates are high. There is a lower risk of nosocomial COVID-19
transmission for patients treated as an outpatient and elective surgical procedures may be safer in this setting.
Keywords: coronavirus, pandemic, infection, hospital transmission

Introduction
Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) is the virus responsible for the Coronavirus Disease
2019 (COVID-19) pandemic. First identified in China in late 2019, the virus quickly spread across the globe. As of
April 8, 2022, there have been 494 million confirmed cases of COVID-19 and 6.1 million deaths globally. In the US,
there have been 79 million cases with 976 thousand deaths.1 SARS-CoV-2 may cause a constellation of respiratory
symptoms including cough and shortness of breath as well as fever and loss of taste.2,3 Ultimately the virus may cause
acute respiratory distress syndrome, sepsis, or pneumonia and even death in approximately 2.2% of patients.1 The virus is
transmitted via respiratory droplets, aerosolized particles, and via contact transfer.2 Social distancing along with
quarantining, mask use, frequent hand washing, and avoidance of high-risk activities are key methods to prevent the
spread of SARS-CoV-2.

Orthopedic Research and Reviews 2022:14 215–224 215
© 2022 Green et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/terms.
php and incorporate the Creative Commons Attribution – Non Commercial (unported, v3.0) License (http://creativecommons.org/licenses/by-nc/3.0/). By accessing the

work you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. For
permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).

Orthopedic Research and Reviews Dovepress
open access to scientific and medical research

Open Access Full Text Article

Received: 14 February 2022
Accepted: 7 May 2022
Published: 18 June 2022

O
rt

ho
pe

di
c 

R
es

ea
rc

h 
an

d 
R

ev
ie

w
s 

do
w

nl
oa

de
d 

fr
om

 h
ttp

s:
//w

w
w

.d
ov

ep
re

ss
.c

om
/

F
or

 p
er

so
na

l u
se

 o
nl

y.

http://orcid.org/0000-0001-8527-0015
https://www.dovepress.com/terms.php
https://www.dovepress.com/terms.php
http://creativecommons.org/licenses/by-nc/3.0/
https://www.dovepress.com/terms.php
http://www.dovepress.com/permissions.php
https://www.dovepress.com


By May 2020, there were 1.3 million confirmed cases of SARS-CoV-2 in the United States, with most of these cases
concentrated in the northeast/New York metropolitan area.4,5,6 As community spread exponentially increased, the case
count and rate of hospitalization was estimated to exceed and overwhelm hospital capacities. Coupled with a severely
limited supply of personal protective equipment (PPE), areas such as New York City appeared to be headed towards an
inevitable collapse of the healthcare system. In response to this threat, local and state guidelines were implemented to
mitigate community spread. This effort became known as “flattening the curve” which included measures such as closure
of non-essential businesses, local curfews, and cancellation of all elective surgical procedures.7

Being an inpatient or employee in a medical facility was considered a significant risk factor for exposure to the virus.
A study analyzing 11 hospitals in London estimated 6.8% of SARS-CoV-2 cases were hospital-acquired among
inpatients between March and May 2020.8 Another study from a tertiary medical center in London estimated
a nosocomial transmission of 15% between March-April 2020.9 The risk of hospital-based transmission remains
unknown. The purpose of this study was to estimate the rate of hospital-based transmission of the SARS-CoV-2
among inpatient orthopedic trauma patients in hospitals with a high percentage of COVID-19 patients during the height
of the pandemic.

Materials and Methods
Following Rutgers University institutional review board (IRB) approval Study No. 2020001174), 109 consecutive
patients who underwent surgery by the senior author, a board certified orthopedic trauma surgeon who performs nearly
all emergent orthopedic operations at our hospitals, between March 1, 2020 and May 15, 2020, were retrospectively
reviewed. This was a time period when the incidence of COVID-19 was at its peak in the region.5 The study group
patients were admitted to one of three hospitals in central New Jersey, or were patients undergoing urgent surgery at one
local ambulatory surgery center. Patients who were under the age of 18 or diagnosed with or presumed to have COVID-
19 prior to their procedure were excluded from analysis. Demographic data was extracted from the electronic medical
record including type of surgery, age, sex, comorbid conditions, body mass index (BMI), admission date, hospital length
of stay, and discharge location. Test results for SARS-CoV-2 were also recorded at all available time points. Patients with
known pre-operative positive COVID-19 tests (by polymerase chain reaction/PCR or rapid antigen) or a presumed
positive clinical diagnosis were excluded from analysis (n=6). A positive clinical diagnosis made pre- or post-operatively
was made when the patient met the criteria for a positive case as defined by the Centers for Disease Control and
Prevention (CDC). This included exhibiting symptoms characteristic of COVID-19 such as cough, fever, shortness of
breath, or chest imaging consistent with COVID-19.10 Patients who either tested positive or met the CDC criteria for
a positive case were considered positive in our analyses.

In the beginning of the pandemic, testing for COVID-19 was not mandatory nor readily available in our study
hospitals given the nationwide shortage of sufficient testing materials. Therefore, 25/82 of the patients in this study were
not formally PCR tested and were presumed negative prior to their procedure based on lack of symptoms, chest imaging,
and daily temperature screening. By April, COVID testing became mandatory for all admitted patients, and a PCR test
result was required within 48–72 hours prior to any procedure.

After discharge, a telemedicine or outpatient office follow-up visit occurred at 2 weeks for each study patient, which
was used to assess patient recovery as well as screen for COVID-19 status. Informed consent was acquired by all
participants or their next of kin if unable to consent for themself. This was either written informed consent when the
patient was met in person or verbal consent obtained over telemedicine conference, as was approved by our institution’s
ethics committee. COVID status was determined either by a positive clinical diagnosis by a physician, from a positive
result on a screening questionnaire, or by a positive PCR test result. Patients who presented to the office were
temperature screened and responded to a questionnaire on symptoms, known sick contacts, recent travel, and any
COVID test results. Patients who had telemedicine appointments were asked the same screening questions but were
not temperature screened.

A second cohort of patients treated at a free-standing surgery center was also examined in a separate statistical
analysis to estimate the rate of transmission in an ambulatory facility. All ambulatory patients were required to have
a negative PCR test within 48 hours of their procedure.
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The risk of viral transmission was then calculated for the study group as well as transmission based on in-hospital and
discharge risk-factors. Fisher’s Exact test was used to determine the association between surgical setting and medical
comorbidities and COVID-19 transmission. A Wilcoxon Rank Sum test was performed to determine significant
differences between age, length of admission, and BMI for patients who converted COVID-19 status. Statistical
significance was set at p<0.05. All statistical analyses were completed with the use of Statistical Analysis Software
version 9.4 (SAS Institute, Cary, North Carolina) by a statistician.

The percentage of inpatient beds occupied by COVID-19 positive patients in each of the hospitals was tracked over
the study period. Hospital 1 and 3 reported daily statistics, and these numbers were averaged over a week. Hospital 2
reported the number of COVID+ inpatients once a week. The percentage of inpatient beds occupied was then determined
by dividing each weekly average by the number of inpatient beds in each of the hospitals. The designated study period is
centered around the time that correlates with peak prevalence of COVID amongst our inpatient hospitals and geographic
area.5

Results
A total of 109 patients underwent an orthopedic surgical procedure during our study period. Twenty-one patients were
lost to follow up or refused to participate in our screening questionnaire. Six patients were found to be COVID-19
positive on admission testing preoperatively and were excluded from further analysis of disease transmission. This left
a total of 82 patients for final analysis (Figure 1). The types of cases performed are illustrated in Figure 2. Patients with
more than one extremity undergoing surgery were categorized as polytrauma patients.

Figure 1 Patients included in this study.
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The percentage of inpatient hospital beds occupied by COVID-19 positive patients during the study period at each of
the hospitals is depicted in Figure 3. Hospital 1 had the greatest percentage of COVID-19 positive patients at its peak.
The maximum percentage at each of the hospitals was 38.5%, 32%, and 34.9%, respectively.

The average age of all patients (n=103) who initially tested negative for SARS-CoV-2 was 57 years (SD 21.0, range
18–98) (Table 1). Just over half (55%) of the study population was male. The average length of admission was 4.3 days
(SD 4.6, range 1–31). The majority (71.9%) of patients were discharged home, but 28.1% (29/103) were discharged to
a subacute rehabilitation facility.

Figure 2 Types of surgical cases performed during the study period.
Abbreviations: UE, upper extremity; LE, lower extremity; I&D, irrigation and debridement; ROH, removal of hardware.

Figure 3 The percentage of inpatient hospital beds occupied by COVID-19 positive patients in each of the hospitals over the study period.
Notes: Blue diamond, hospital 1; Red square, hospital 3; Green triangle, hospital 3. Data from hospitals 1 and 3 represent weekly averages based on daily reported values,
whereas hospital 2 is based on weekly reported values.
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A total of 6 patients (7.3%) were tested or presumed to be COVID-19 negative pre-operatively and subsequently
tested positive post-operatively, all of whom reported symptoms (Table 1). Three patients died during the study period,
one of which tested positive for COVID-19 post-operatively. The mean age of these patients was 60.2 years. The average
length of stay was 9.8 days and 4 of these 6 patients were discharged to a rehabilitation facility. There was no significant
difference in post-operative COVID-19 status when comparing between all inpatient hospitals and the ambulatory
surgery center (P=0.58).

There were significant associations between having congestive heart failure (CHF) (P=0.005) as well as diabetes
(P=0.05) and converting COVID status (Table 2). There was no significant association between postoperative COVID-19

Table 1 Summary of Patient Demographics

Characteristic All Initial COVID(-)
(n = 103)

COVID(+) Converts
(n = 6)

Hospital, n (%)

Inpatient 1 63 (61.2) 4 (66.7)

Inpatient 2 14 (13.6) 2 (33.3)

Inpatient 3 11 (10.7) 0 (0.0)

Ambulatory center 15 (14.6) 0 (0.0)

Age (years)

Mean (SD) 57.0 (21.0) 60.2 (17.5)

Range 18–98 25–71

Median [Q1, Q3] 58 [43, 71] 66.5 [63, 69]

Gender, n (%)

Male 55 (53.4) 4 (66.7)

Female 48 (46.6) 2 (33.3)

Body mass index (BMI)

Mean (SD) 28.3 (7.2) 26.3 (6.7)

Range 15.2–63.7 21.3–38.3

Median [Q1, Q3] 27 [23.6, 32.5] 23.2 [21.9, 30.1]

Note: 2 missing values

Length of admission (days)

Mean (SD) 4.3 (4.6) 9.8 (7.4)

Range 1–31 2–21

Median [Q1, Q3] 3 [2, 5] 8.5 [3, 16]

Note: 2 missing values

Discharge location, n (%)

Home 74 (71.9) 2 (33.3)

Rehab 29 (28.1) 4 (66.7)

Abbreviations: LOA, length of admission; BMI, body mass index.
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status and having a history of cerebrovascular accident (CVA), pulmonary disease, or having a psychological disorder.
Although 4 of the 6 of the patients who acquired COVID-19 were discharged to a rehab facility, this proportion
approached statistical significance (P=0.06). When comparing all inpatients to those who underwent a procedure at the
ambulatory surgery center, the proportion of patients who converted was also not found to be significantly different
(P=0.58).

Table 3 summarizes differences in patient age, length of admission (LOA) and body mass index (BMI) between
patients who converted COVID-19 status compared to those who did not. No significant differences were found between
patients who did and did not convert when considering age and BMI. However, average length of admission was found to
be significantly longer in patients who converted COVID-19 status (P=0.002).

Discussion
Our study identified a 7.3% rate of hospital acquired disease, despite a large percentage of positive inpatients. There is no
consensus on how prevalent hospital transmission of COVID-19 is, with varying sources reporting vastly differing
estimates. A study out of a large academic hospital in Massachusetts in the United States found an even lower rate of
nosocomial transmission, with only 2 of 697 positive cases acquired from a hospital exposure. Russel et al hypothesized
that nosocomial infections likely represent a small proportion of infections given the high rate in the community, which

Table 2 Risk Factors Associated with Post-Operative COVID Positive

Parameter Converted
COVID(+) (n=6)

Did Not Convert COVID(+)
(n=76)

p-value

Inpatient

hospitalization

6 62 0.58

Discharge to

rehab

4 20 0.06

Female Sex 2 33 1

Comorbidities:

HTN 5 24 0.02**

CHF 2 0 0.005**

CVA 0 2 1

Pulmonary 1 8 0.51

DM 3 10 0.05**

Psychologic 0 5 1

Note: **Indicates statistically significant values (p<0.05).
Abbreviations: HTN, hypertension; CHF, congestive heart failure; CVA, cerebrovascular accident; DM, diabetes mellitus.

Table 3 Comparison of Age, Length of Admission, and BMI Between Patients Who Did and Did Not Convert to
COVID(+)

Converted COVID (+) Did Not Convert COVID(+) p -value

Mean age 60.2 54.6 0.28

LOA 9.8 3.9 **0.02

BMI 26.3 29.2 0.25

Note: **Indicates statistically significant values (p<0.05).
Abbreviations: LOA, length of admission; BMI, body mass index.
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contrasts with a rate of up to 44% in a study out of China.11,12 Ingels et al reported a transmission rate of 12% in
a population of 472 patients at a British hospital who underwent a surgical procedure within a 4-week period at the height
of the pandemic, which contrasts with the National Health Service (NHS) in England’s estimate of 20% of cases being
hospital acquired.13,14

The nosocomial transmission rate of the seasonal influenza is estimated to be around 1–5%, which is similar to our
estimated rate of nosocomial COVID-19 transmission.15,16 However, our transmission rate COVID-19 was studied in
a time when strict transmission precautions were in place. Without such precautions, the rate of COVID-19 transmission
would likely be much higher compared to the flu.

During the pandemic, strict hospital regulations were enacted to reduce transmission. Daily temperature screening
was required at each hospital entrance prior to entry for all patients, staff, and visitors. Public areas were closed and
a 6-foot “social distancing” between persons was enforced. At each hospital, all COVID-19 positive patients as well as
patients under investigation (PUI) were admitted to closed units with dedicated staff to limit hospital-based transmission
of the virus. Additionally, no visitors were permitted during the study period and a mandatory mask policy was
implemented in mid- to late March for all staff and patients. Each hospital had a dedicated operating room for positive
or presumptive positive patients. All elective surgeries were prohibited during the study period to conserve personal
protective equipment including masks, gowns, and gloves, which had become scarce.

Predictors of contracting COVID-19 in a hospital setting were pre-existing congestive heart failure, hypertension, and
diabetes in this study. Previous studies have not shown that patients with these comorbidities are at a higher risk of
contracting COVID-19, but the mortality rate is much higher in this population.17 While our data suggests that the rate of
COVID-19 transmission is only 7% in surgical patients, it may be appropriate for surgeons to identify these risk factors
in order to facilitate a joint decision regarding the risks and benefits of a procedure. Additionally, it may also be
appropriate to ensure medical optimization, as well-controlled comorbidities are associated with improved prognoses in
patients with COVID-19.18,19

Three patients died during the study period, two of which tested negative for COVID-19 prior to surgery and
underwent intramedullary nailing (age 91, female) and hip hemiarthroplasty (age 85, female) for hip fractures. These two
patients were excluded from final analysis. The third patient was considered a COVID-19 convert. This patient (age 77,
male) was admitted for 9 days after undergoing intramedullary nailing, was discharged to a rehab facility, and tested
positive for COVID-19 four days after discharge to rehab after exhibiting concerning symptoms. He expired on post-
operative day 14. It is possible that this patient acquired COVID-19 in the hospital given the incubation period of the
virus, however it is also conceivable that transmission occurred at the rehab facility, which may inflate the true hospital-
based transmission rate.

In this study, we have demonstrated a low risk of acquiring symptomatic COVID-19 in orthopedic surgical patients in
both in- and outpatient settings when precautions are utilized and resources are available. The difference between
hospital and ambulatory surgical center transmission was not found to be significant, though this could be a result of our
study being underpowered to truly detect a difference. The low rate of transmission may be a byproduct of the lessons
learned as the pandemic unfolded abroad months earlier. Early adherence to infection control measures, which has been
associated with minimizing risk of nosocomial COVID-19, helped to flatten the curve at our institutions.20 The early
implementation of infection control measures at our study sites likely led to a relatively low rate of nosocomial infection
in our study patients. It is estimated that 12% of adults in the United States have delayed urgent or emergent medical
care due to concerns about COVID-19.21 The data from this study indicates that in the case of sufficient resources
including PPE and hospital beds, urgent and emergent surgical procedures can be done with low risk of COVID-19
transmission. The low transmission rate in ambulatory surgery centers may support the resumption of certain elective
surgical cases in this setting. These results may be used to help counsel patients undergoing orthopedic surgeries and
provide reassurance.

The major strength of this study is its inclusion of patients in a region where and time when disease prevalence and
incidence was high. Quarantining, social distancing, and mask-wearing were not widespread practices at the start of the
pandemic, likely accelerating community spread. The geographic region included in this study captures the New York
City metropolitan area, which was the epicenter of early transmission of the virus. Due to the novelty of the COVID-19
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pandemic, there are currently few reports on its transmission within the hospital setting, particularly within surgical
patients.

There are several limitations to our study. Namely, identification of true nosocomial transmission is difficult. Per the CDC
and WHO, the initial strain of COVID-19 has an incubation period of up to 14 days, with a median time of 4–5 days from
exposure to onset of symptoms.1,2With the available testing protocols at the time of admission as well as our short-term follow
up, the authors believe that the identification of COVID-19 transmission was as accurate as possible. In the early onset of the
pandemic when our study period began, hospital screening was not universal and readily available. In early April, our study
hospitals began universally screening all admitted patients and pre-operative testing was required prior to any procedure in the
operating room. The 25 patients who underwent procedures in the beginning of our study period, were not PCR tested at that
time and were presumed to be negative based on negative hospital screening, lack of symptoms, and negative admission chest
radiographs, which is consistent with the CDC’s case definition. Although this introduces the possibility for false negative pre-
operative values, we believed it was important to include these patients in our analysis since this would only cause us to
overestimate rather than underestimate the true hospital transmission rate. It is also impossible to control and account for
disease transmission outside the hospital, and it is certainly possible that the six patients who converted acquired COVID from
outside the hospital. This would also inflate our number of converts and thus overestimate our true nosocomial transmission.

Our study also relies on patients reporting their symptoms accurately, which introduces bias. Testing is imperfect, and
no test is 100% accurate. Using rapid COVID-19 antigen testing procedures, a Cochrane review indicates that they are
accurate in correctly identifying infection in 72% of people with symptoms and 58% without symptoms. Specificity of
rapid COVID-19 antigen testing is 99.5% in patients with concerning symptoms, and 98.9% in patients without
concerning symptoms.22,23

There were 27 patients lost to follow-up and those who refused to participate in the screening questionnaire. The
majority of patients had pre-operative PCR testing prior to their procedure as this became protocol at our hospitals.
However, many patients were discharged prior to subsequent inpatient testing and their post-operative COVID status was
determined by their 2 week follow-up visit, which some patients did not schedule and were not reachable by phone. If we
presume that the 27 patients without follow up tested positive, the rate of nosocomial transmission in this study would
increase to 30% (33/109), though unlikely. Furthermore, there were a relatively small number of patients undergoing
urgent ambulatory surgery for our comparison. This number was limited by the government-mandated shutdown of
elective cases that were not urgent in nature, such as fracture care. The relatively few patients in this group may have
limited our statistical analysis to falsely conclude that the difference between in-hospital transmission and ambulatory
surgery center transmission was not statistically significant. Additionally, we did not want to expand the duration of the
study period as local COVID-19 case rates significantly dropped towards the end of the study period, representing the
end of the first wave of the pandemic. For this reason, a post-hoc power analysis was performed. We would have needed
170 patients in order to achieve 80% power. Our study has a power of 61.1%. Finally, our results reflect our regional
COVID-19 transmissions and although the New Jersey/New York area had one of the highest rates of the disease in the
country, our results may not be generalizable to other regions.

Conclusion
The emergence of new variants of the rapidly mutating SARS-CoV-2 virus poses new challenges in treatment resistance
and vaccination susceptibility. The CDC and World Health Organization (WHO) have identified several variants of
concern (VOC) from the United Kingdom (UK), South Africa, Brazil, and India, all of which have since been detected in
the United States by the end of January 2021.24,25 Global attention has more recently been drawn to the Delta, or
B.1.617.2, and Omicron (B.1.1.529) variants. The Delta variant may be more transmissible than other variants and is
comprising a growing proportion of new cases in the United States.26 Although the Omicron variant (appears to be less
severe than other variants and causing fewer hospital admissions, it may be more infectious.27 The emergence and rapid
global dissemination of new variants of the virus presents new concerns for the control and suppression of SARS-CoV-2.

Overall our results indicate that there is a low, but not negligible risk of transmission in the hospital setting while
undergoing an orthopedic surgery when precautions are in place. These results may be used to counsel and reassure
patients undergoing orthopedic surgery in the future.
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