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Key points: Viral shedding from asymptomatic cases played a major role in nosocomial 

outbreak of COVID-19. Immediate large-scale isolation, contact tracing, and social 

distancing measures were essential to containing them. 
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Abstract  

BACKGROUND 

Nosocomial spread of COVID-19 causes clusters of infection among high-risk individuals. 

Controlling this spread is critical to reducing COVID-19 morbidity and mortality. We 

describe an outbreak of COVID-19 in Keio University Hospital, Japan, and its control, and 

propose effective control measures. 

 

METHODS  

When an outbreak was suspected, immediate isolation and thorough polymerase chain 

reaction (PCR) testing of patients and healthcare workers (HCWs) using an in-house system, 

together with extensive contact tracing and social distancing measures, were conducted. 

Nosocomial infections (NIs) were defined as having an onset or positive test after the fifth 

day of admission for patients, and having high-risk contacts in our hospital for HCWs. We 

performed descriptive analyses for this outbreak. 

 

RESULTS  

Between March 24 and April 24, 2020, 27 of 562 tested patients were confirmed positive, of 

whom 5 (18.5%) were suspected as NIs. For HCWs, 52 of 697 tested positive, and 40 

(76.9%) were considered NIs. Among transmissions, 95.5% were suspected of having 

occurred during the asymptomatic period. Large-scale isolation and testing at the first sign of 

outbreak terminated NIs. The number of secondary cases directly generated by a single 

primary case found before March 31 was 1.74, compared to 0 after April 1. Only 4 of 28 

primary cases generated definite secondary infection, which were all asymptomatic. 
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CONCLUSIONS  

Viral shedding from asymptomatic cases played a major role in NIs. PCR screening of 

asymptomatic individuals helped clarify the pattern of spread. Immediate large-scale 

isolation, contact tracing, and social distancing measures were essential to containing 

outbreaks.  

 

Keywords: COVID-19; infection control strategy; nosocomial outbreak; nosocomial 

infection 
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Introduction 

The COVID-19 pandemic has put hospitals at risk of nosocomial infection (NI) worldwide. 

Health care workers (HCWs) account for 4%–6% of cases in several countries [1-3]. In 

Japan, more than 9.4% of all COVID-19 cases were reported as NIs [4]. With its markedly 

higher rate of morbidity and mortality in people with underlying diseases [5], the first 

nosocomial outbreak in a hospital in Tokyo was in 109 patients with 38 deaths resulting 

within 43 days [6]. This underscores the urgent need for preventive measures, not only to 

reduce severe complications and deaths, but also to preserve hospital function to provide 

adequate care to all patients. 

Located in Tokyo, Japan, Keio University Hospital confirmed its first NI case on 

March 24, when an outbreak occurred in the hospital. The cumulative numbers of confirmed 

cases and deaths from COVID-19 in the Tokyo metropolitan area on that day were reported 

to be 172 and 5, respectively [7]. Within the next month, those increased to 3,742 (0.27 per 

1000 of the population in Tokyo) and 93 (0.007 per 1000), respectively (as of April 24). 

Given that governmentally sanctioned testing was limited to patients with severe symptoms 

or who were symptomatic for > 4 d [8], and that most infected individuals remain mildly 

symptomatic or asymptomatic [9-11], the number of confirmed cases was in danger of being 

underestimated. Approximately 40% of transmissions might occur from presymptomatic 

cases [12, 13]; thus, growing community-wide infections could increase presymptomatic 

infections among HCWs and pre-admission patients and lead to outbreaks of NIs. 

Identification of NI is particularly challenging for COVID-19. Since SARS-CoV-2 

can be transmitted during the incubation period [14], it is possible to come into contact with 

an infected person without being aware of it. A literature review and a case-series from China 

reported that nosocomial transmission occurred in over 40% of diagnosed cases [15, 16], 
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whereas a multi-center international cohort study in the United Kingdom and Italy estimated 

the proportion of NI cases as 12.5% [17]. The numbers could vary depending on the 

definition of NI or the number of hospitalizations for community-acquired infection (CAI), 

which makes it difficult to argue whether a facility has more or fewer NIs per patient 

population. Although there is no dispute that NIs need to be reduced, discussing actions to 

reduce them requires careful visualization of patient numbers, infection dynamics and 

preventive measures.   

Controlling nosocomial and institutional infections of COVID-19 presents a marked 

challenge [11, 18]; however, measures to mitigate outbreaks in large acute-care hospitals 

have been scarcely reported. Thus, we describe our strict and immediate isolation measures, 

with the establishment of an in-house PCR testing system with contact tracing, to control the 

outbreak. 

METHODS 

SETTING 

A patient without symptoms of COVID-19 was transferred on March 19 from another 

hospital (Hospital A) for the treatment of lower limb ischemia to Keio University Hospital, a 

tertiary care hospital located in the central area of Tokyo, with 960 beds, 26 inpatient wards, 

and approximately 2700 HCWs. On March 23, members of the Division of Infectious 

Diseases and Infection Control were informed that an outbreak of COVID-19 had occurred in 

Hospital A. The transferred patient tested positive for COVID-19 and was assumed to be the 

first case of COVID-19 in the presymptomatic state on March 24. Infection control 

measurements and contact tracing revealed multiple clusters of NIs in our hospital. The 

infection control team, which included infectious diseases physicians, skilled infection 
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control specialists, and epidemiologists, acted rigorously to lead the assessment and control 

of the status of infection. 

 

CASE DEFINITION AND CONTACT TRACING 

Persons under investigation (PUI) were defined as patients hospitalized between 

March 1 and April 24, 2020, or HCWs who worked at Keio University Hospital during the 

same period. We defined a confirmed case as a PUI with a positive PCR test for SARS-CoV-

2 regardless of symptomatic status. In-house PCR testing was performed on all patients and 

HCWs clinically suspected of infection based on fever or respiratory symptoms. PCR testing 

was also performed on all high-risk contacts based on thorough contact tracing regardless of 

symptomatic status. Patients were defined as high-risk contacts if they had been examined or 

nursed by an infected HCW, or had been admitted in the same room as an infected patient or 

to a ward where a nosocomial outbreak occurred. HCWs were defined as high-risk contacts if 

they had had exposure to an infected patient (exposure grading A-C, supplementary Table 1), 

had been at a conversational distance from an infected person without either person wearing a 

mask for more than a few minutes, such as during breaks and meals, or belonged to a division 

or ward where multiple confirmed cases among HCWs were noted. From April 6, universal 

PCR testing on patients before hospital admission was implemented. Each case was 

monitored for a minimum of two weeks after the test was found positive until May 8, 2020.  

Cases were classified according to the maximum observed severity: asymptomatic, 

mild, severe, and critical [19]. Mild cases presented with fever and respiratory symptoms 

(cough, sputum, or sore throat). Severe cases were those with oxygen saturation of ≤ 93% in 

ambient air, and requiring oxygen administration. Critical cases were defined as having 

respiratory failure requiring mechanical ventilation. 
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Confirmed cases were assigned to one of four groups according to their status 

(patients/HCWs) and place of virus transmission (community-acquired/nosocomial). Patients 

were defined as having NI if they developed symptoms and their specimens were collected 

after the fifth day of admission, which is the median incubation period of COVID-19 [20, 

21]. All remaining patient cases were defined as having community-acquired infections 

(CAIs), except those with a history of hospitalization within two weeks (unclassifiable cases). 

HCWs were defined as having NI if they were high-risk contacts, as defined above, and CAI 

if they had close contacts with positive cases outside of our hospital. If the links were 

unknown, or both NI and CAI were probable for HCWs, we defined them as unclassifiable. 

Identification of infection sources was based on the information gathered from thorough 

contact tracing using structured questionnaires (Supplementary Table 2) or telephone 

interviews, if needed, dating back to one month before the positive date. When we suspected 

that a case had initiated a chain of nosocomial transmission, we considered the case to be the 

primary case and the accumulation of those NI cases was determined as a cluster. 

Presumptive sources of infection were classified as symptomatic, presymptomatic, or 

never-symptomatic based on the symptoms at the time of transmission. Asymptomatic 

sources were classified as presymptomatic if they developed symptoms within two weeks of 

contact. If they did not develop symptoms within two weeks of contact, they were classified 

as never-symptomatic. If multiple sources are assumed possible in NIs, including sources of 

symptomatic transmission, we defined it as a symptomatic transmission. Information on 

symptoms in positive patients was collected from medical records and telephone interviews 

with their physicians, and that of positive HCWs was based on daily health monitoring and 

contact tracing. 
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RESPONSE MEASURES 

Universal masking had been instituted for all HCWs since the beginning of January for 

seasonal influenza infection control and for all patients and visitors since the end of March. 

After February 17, all the HCWs were required to report fever (≥37.5°C) or respiratory 

symptoms to their department head as well as to Keio University Health Center, after which 

they were asked to self-isolate at home. Permission from the Health Center was required to 

return to work. From April 8, negative PCR tests were also required. From April 6, universal 

PCR testing on patients before hospital admission was implemented. In addition, all 

emergently admitted patients were routinely isolated for two to seven days and relaxed 

according to their clinical course or condition. 

After March 24, when clusters of COVID-19 had been identified, immediate isolation 

of the index case and thorough contact tracing was performed. Specifically, all HCWs who 

had had contact with a confirmed patient were assessed on their exposure level according to 

our exposure grading (Supplementary Table 1). A 14-day work restriction was instituted 

regardless of PCR test results for those without a face shield during aerosol-generating 

procedures. When transmission of infection was suspected within a ward, the ward was 

immediately closed, disinfected, and comprehensive PCR testing of all patients and HCWs 

assigned to the ward was conducted, followed by 14-day quarantine for HCWs irrespective of 

the result of PCR testing. From March 30, stringent social distancing measures were 

implemented (e.g., HCWs were to have meals alone).  
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PCR TESTING FOR SARS-COV-2 

The real-time one-step RT-PCR assays were performed using a BD MAX system with BD 

MAX TNA MMK SPC and BD MAX ExK TNA reagents (Becton Dickinson, Franklin Lakes 

NJ, USA). We used two primer and probe sets to detect two regions in the SARS-CoV-2 

nucleocapsid (N) gene (N1 and N2) [22]. Assays in which either N1 or N2 or both were 

positive before 45 cycles were judged as positive. In cases of single N1 gene positivity or 

unclear amplification curves, testing was repeated to avoid false-positive results [23]. 

 

DATA COLLECTION AND ANALYSIS 

Data were collected ambidirectionally from March 24 as part of the nosocomial infection 

control program, including contact tracing. Demographic and clinical information was 

collected from medical records. We performed descriptive analyses for this outbreak. The 

number of secondary cases directly generated by a single primary case was calculated both 

before and after March 31, when the more rigid safety measures had been put in place. 

Resident physicians were assumed to represent an independent population, and the basic 

reproduction number (R0) as the expected number of cases directly generated by one case in 

this population was estimated using the susceptible‐ exposed‐ infectious‐ recovered (SEIR) 

model [24]. Details are shown in the Appendix. Statistical analyses were performed using 

R.3.6.2 (R Core Team 2019, R Foundation for Statistical Computing, Vienna, Austria.), 

except for SEIR modeling, which was performed using SAS 9.4 (SAS Institute Inc., Cary, 

NC, USA). 

This study was approved by the Institutional Review Board of Keio University School 

of Medicine (approval number 20200063). 
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RESULTS 

RESULTS OF PCR TESTING OF PATIENTS AND HEALTHCARE WORKERS 

Of 562 patients tested between March 24 and April 24, 2020, 27 (4.8%) were confirmed 

positive (Figure 1). Five (18.5%) had NIs, 19 (70.4%) had CAIs, and the other three (11.1%) 

positive patients were unclassifiable. NI patients were confirmed positive between 9-86 days 

after admission, and developed symptoms between 8-82 days after admission. Of 697 

healthcare workers (HCWs) tested, 52 (7.5%) were confirmed positive. Forty (76.9%) had 

NIs, 9 (17.3%) had CAIs, and the other three (5.8%) positive HCWs were unclassifiable. 

Presumptive sources of infection are shown in Table 1. Of the 44 transmissions, 

including both patients and HCWs whose presumptive sources were identified, 42 (95.5%) 

were transmissions from asymptomatic sources, including 19 transmissions among the 

resident physicians' cluster, and 2 (4.5%) were transmissions from sources that were 

symptomatic but not confirmed positive at the time. Most of the asymptomatic transmissions 

were presymptomatic, although the resident physicians' transmissions could not be clearly 

distinguished because of the group infection. Although all HCWs wore surgical masks during 

patient care, nine were likely to have contracted the virus from infected patients who had not 

yet been confirmed positive. A total of 31 HCWs were suspected to have contracted the 

disease through staff-to-staff transmission, such as working in a shared medical office and 

taking meals in a staff lounge. 

Figure 2 shows the epicurve of confirmed cases by PCR confirmation date (2a) and by 

illness onset for symptomatic cases (2b). Looking at the dates of PCR confirmation in 

chronological order, the number of cases reached a peak on April 1, then declined. No NIs 

were observed from April 15 to May 8. 
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All patients with NIs possessed multiple comorbidities. Three died, two from an acute 

exacerbation of the underlying disease after repeated PCR proved them negative, and one 

from severe gastrointestinal bleeding despite a trend of improvement observed in respiratory 

status. One critical patient was still ventilated but tested negative on repeated PCR tests. For 

staff with NIs, neither severe nor critical cases existed. Clinical characteristics of confirmed 

cases are summarized in Supplementary Table 3. 

The number of patients in the hospital, the mean length of hospital stays, and bed 

occupancy rate in March, April and May were 25,523, 11.4 days, 88.3% in March; 13,471, 

18.3 days, 48.2% in April; and 12,085, 15.9 days, 41.8% in May, respectively. 

 

DESCRIPTION OF INFECTION FOR EACH CLUSTER 

We found four major clusters, A to D (Figure 3). The first cluster visualized (cluster A) had 

originated from the index case, the patient transferred to our hospital for the treatment of 

lower limb ischemia from Hospital A. PCR testing of the three patients in the same room 

confirmed transmission of COVID-19. Then, PCR testing was conducted on all 44 inpatients 

and 100 HCWs assigned to the ward, and one patient and 3 HCWs were additionally 

identified. Although the incubation period was longer in the primary case and shorter in the 

secondary infected patients, the secondary infected patients in the same room were admitted 

to our hospital more than 44 days before onset; and considering the spread of infection, the 

patient from Hospital A, where the outbreak of COVID-19 occurred, was most likely to be 

the primary case. Suspecting that NIs were spreading within the ward, we decided to close it. 

All HCWs were replaced by employees from other wards after thorough disinfection of the 

entire floor. The patients still in the hospital a week later were retested for PCR. This cluster 

numbered 12 cases.  
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Next, a cluster arising among physicians working at both Keio University Hospital 

and Hospital A was identified (cluster B). Quarantine of all 99 physicians was imposed from 

March 27. Infection was confirmed in five, and one never-symptomatic source had generated 

two secondary cases. 

Another cluster appeared from a presymptomatic pediatric outpatient (cluster C). Four 

HCWs were infected from the primary case; however, no further spread of infection was 

detected. At the same time, a cluster of resident physicians were discovered to be febrile 

(cluster D). Quarantine of all 99 resident physicians was imposed; in addition, those whose 

initial PCR test was negative were retested a week later and 20 were confirmed to be positive.  

Detailed contact tracing revealed that none of the resident physicians had contacts with 

confirmed or suspected COVID-19 patients in our hospital for the past month. Transmission 

was considered due to exposure in the resident lounge. Also, 15, excluding the potential 

primary case, had gathered for meals on March 26. The number of secondary cases directly 

generated by the primary case was considered to be 4.4, as R0 in cluster D was estimated as 

4.4 by the SEIR model. 

NUMBER OF SECONDARY CASES GENERATED BY A SINGLE PRIMARY CASE 

The mean number of secondary cases directly generated by a single primary case in the 

hospital was 17.4/28 = 0.62, as summarized in Figure 4. It was calculated both before and 

after March 31, when large-scale isolation and stringent social distancing measures were 

imposed. This number per primary case testing positive or being symptomatic before March 

31 was 17.4/10 = 1.74, and after April 1 it was 0. For these 13 secondary cases except cluster 

D, the median time from the estimated date of contact to a positive PCR test was six days. 
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DISCUSSION 

We described a nosocomial outbreak of COVID-19 in a large, acute-care hospital in Tokyo, 

Japan. During this outbreak, 27 of 562 tested patients were confirmed positive, of whom 5 

(18.5%) were suspected as NIs. For HCWs, despite universal masking and employee health 

screening, 52 of 697 tested positive, of whom 40 (76.9%) were considered NIs. The 

proportion of NI was much higher than in previous reports [15-17]. This high proportion 

could be due to two reasons: one was the limited acceptance of new COVID-19 patients due 

to the temporary decline in hospital functions, and the other was that the rate of community-

acquired infection in Japan was considerably lower than that in other reports. In addition, 

although the HCWs adhered to universal masks, hand hygiene and standard precautions 

during medical practice, there may have been many transmissions outside of practice, such as 

during use of the staff lounge and eating with other staff members. The implementation of 

self-quarantine of the hospital staff with close contact for 14 days, universal masking, visitor 

restriction, and social distancing have been previously reported [25, 26]; however, in the 

event of a larger scale nosocomial infection, as presented here, a more consequential 

decision, such as ward closure, may be necessary. Prompt and rigorous implementation of 

containment measures led to successful control of the viral transmission. 

One common feature of our primary cases producing widespread transmission was 

that they were presymptomatic or never-symptomatic, and all transmissions had occurred 

before their diagnoses. In the hospital, symptomatic individuals were immediately isolated 

and carefully controlled, and as a result, infection from symptomatic individuals was unlikely 

to occur, with the majority of infections coming from asymptomatic individuals. In addition, 

19 of 42 asymptomatic transmissions were observed from a single cluster, which also 

contributed to the rise in numbers for asymptomatic transmission.  Reports on COVID-19 
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have demonstrated a large percentage of presymptomatic cases [9-11] and the finding of 

presymptomatic carriers infecting others [11, 12, 27]. When clusters were discovered, 

aggressive contact tracing, thorough isolation regardless of PCR results or the presence of 

symptoms, and testing of highly-exposed persons was conducted, which allowed us to 

suppress further infection. In particular, for cluster A, all employees in the ward were 

quarantined and were temporarily replaced with a different set of workers. For clusters B and 

D, isolating approximately 200 physicians at once may have had an effect. Our measures 

were new in that we closed wards and performed extensive staff self-quarantining rapidly 

when nosocomial infections were recognized; and because COVID-19 transmission occurs in 

the asymptomatic phase, follow-up measures and contact tracing only may be inadequate if 

the number of cases increases. In such cases, large-scale measures such as those we took 

might have been as effective as the lock down that took place in the city. Quarantine of 

HCWs can temporarily result in staffing shortages and a reduction in patient care activities. 

However, implementing active work restrictions, regardless of the PCR results or the 

presence of symptoms, on a large-scale basis at the first sign of an outbreak is essential, 

especially for COVID-19, where major outbreaks can occur from transmission by 

presymptomatic individuals. 

The mean number of secondary NI cases directly generated by a single primary case 

was calculated to be 0.62. This number before March 31 was 1.74, whereas that after April 1 

was 0, after more aggressive measures had been taken. This value of 1.74 is considered to 

reflect the reproductive number when the hospital was taking the traditional standard 

precautions with universal mask and isolation measures for symptomatic workers. This 

number may contain a margin of error because it was challenging to distinguish between 

nosocomial and community-acquired infections, and misclassification is likely to have 

occurred. While this number requires careful interpretation, it is still clear that the measures 
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taken by our hospital reduced the reproductive number and brought the NIs under control. In 

addition, no new chain of infection had been identified by May 8, even after the conduct of 

comprehensive surveillance of patients and staff with fevers and symptoms. 

NIs of COVID-19 in our hospital did not occur from every case in the same manner: 

most cases did not infect anyone, and only 4 of 28 primary cases resulted in clusters. This 

suggests that even if the reproductive number is large, the spread of infection may be 

impeded by isolating the most contagious individuals or circumstances that give rise to many 

infections. The large variance of the number of secondary cases generated by a single 

primary within the hospital, which is a confined space, is consistent with the findings 

observed in CAIs in Japan [28]. 

Our findings suggest that screening of symptomatic individuals is not sufficient to 

prevent nosocomial outbreaks of COVID-19. Detecting and isolating asymptomatic 

individuals, paying attention to asymptomatic shedding of the virus from patients, and 

avoiding contact between healthcare personnel are key to preventing the virus from spreading 

in a hospital or similar facility.  

On April 6, our hospital implemented in-house PCR screening for every patient prior 

to admission. This led to a rise in the number of confirmed COVID-19-positive inpatients, 

who were mostly asymptomatic. No NIs occurred from these confirmed patients who were 

diagnosed before admission. This suggests that if healthcare providers are aware of 

asymptomatic COVID-19 patients and take adequate care to protect against them, the 

probability of cluster outbreaks from any patient can be reduced. However, PCR testing can 

have insufficient sensitivity to rule out COVID-19 [29-31], indicating an urgent need to 

increase the testing capacity and establish sufficiently sensitive systems to rule out COVID-

19 within healthcare facilities in asymptomatic individuals. 
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This study should be interpreted in light of several limitations. First, this is single-

center descriptive analysis; thus, it is necessary to collect more cases to establish effective 

measures. Second, the number of nosocomial infections might be overestimated because 

people defined as NI could have been infected from various sources outside the hospital, 

including asymptomatic sources. Contact tracing is difficult during epidemic spread in the 

community, making it challenging to identify the source of infection, if any, in the 

community. Third, the government declared a state of emergency on April 7 in Tokyo, and 

the number of confirmed cases peaked on April 16. The spontaneous decrease in CAIs might 

have contributed to the convergence of nosocomial infections by reducing the number of 

patients and HCWs with CAIs. 

CONCLUSION 

In conclusion, viral shedding from certain asymptomatic cases played a major role in 

nosocomial infections with COVID-19 in our institution. Immediate large-scale isolation at 

the first sign of outbreak, contact tracing, restriction of contact among HCWs, and PCR 

testing of individuals including asymptomatic ones were effective in terminating the spread 

of COVID-19 nosocomial infection. 
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Figure legends 

Figure 1. Flowchart of PCR testing for COVID-19 of patients and healthcare workers 

between March 24 and April 24 in our hospital.  

CAI, community-acquired infection; HCW, healthcare worker; NI, nosocomial infection 

 

Figure 2. (a) Epicurve of confirmed cases by date of PCR confirmation and (b) symptomatic 

cases by date of onset for COVID-19 outbreak at Keio University Hospital. (a) Dates of PCR 

confirmation in chronological order show that the number of cases peaked on April 1, then 

decreased. (b) Number of onsets in NI cases peaked on March 30, then decreased. CAI, 

community-acquired infection; HCW, healthcare worker; NI, nosocomial infection  

 

Figure 3. Time course for COVID-19 outbreak in each cluster. *: Primary Case, A: 

Admission, E: Exposure to a primary case, E': Exposure to a secondary case, E'': Exposed at 

Hospital A, O: Onset, P: Positive PCR test, G: Gathering for meals. (a) The transmission 

cluster at a ward. A presymptomatic primary case (case 1) transmitted COVID-19 to seven 

individuals in a short period. A presymptomatic patient (case 5) generated one definite 

secondary infection (case 6). (b) The transmission cluster of physicians who worked at both 

Keio University Hospital and hospital A. Case 1 transmitted COVID-19 to two HCWs (cases 

2, 3) having meals together despite never having had any symptoms. No secondary case was 

discovered for the other four primary cases (cases 4–7). (c) The transmission cluster at the 

pediatric outpatient clinic. Primary case transmitted COVID-19 to four HCWs in a short 

period. No secondary infection was discovered. (d) The transmission cluster of resident 

physicians. Five resident physicians were discovered to be febrile on March 30, and 

D
ow

nloaded from
 https://academ

ic.oup.com
/ofid/advance-article/doi/10.1093/ofid/ofaa512/5935121 by M

innesota D
epartm

ent of H
ealth Library user on 22 O

ctober 2020



Acc
ep

ted
 M

an
us

cri
pt

 

23 

 

confirmed to be COVID-19-positive. Immediate quarantine of all resident physicians was 

instituted on March 31. With careful contact tracing, no apparent contact with other positive 

individuals was found. Although the primary case was not clear, we assumed case 1 was the 

primary case when calculating R0 in this cluster D. Fifteen of 20 in this cluster had gathered 

for meals on March 26. 

 

Figure 4. Distribution of the number of secondary cases generated by a single primary case 

with COVID-19 in the hospital. The number of secondary cases per each primary case is 

shown. Primary cases before March 31 represent primary cases who had onset or were 

confirmed positive by March 31. Primary cases after April 1 represent primary cases that 

experienced neither disease onset nor confirmation as positive by March 31. The primary 

cases, except for those of clusters A-D, did not generate any definite secondary cases.  
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Table 1. Presumptive sources of infection and symptomatic status of PCR-confirmed cases 

  Patients  Healthcare workers 

 

community- 

acquired 

infection 

nosocomial 

infection  

community- 

acquired 

infection 

nosocomial 

infection 

  (N=19) (N=5)  (N=9) (N=40) 

Sex, n (%) male 12 (63.1) 5 (100)  3 (33.3) 21 (52.5) 

 female 7 (36.8) 0 (0)  6 (66.7) 19 (47.5) 

Age, y mean ± SD  56.9 ± 21.0 74.0 ± 9.2  31.4 ± 4.0 31.7 ± 10.1 

 0-19 n (%) 1 (5.3) 0 (0)  0 (0.0) 0 (0) 

 20-39 n (%) 2 (10.5) 0 (0)  9 (100) 35 (87.5) 

 40-59 n (%) 5 (26.3) 0 (0)  0 (0.0) 3 (7.5) 

 ≥60 n (%) 11 (57.9) 5 (100)  0 (0.0) 2 (5.0) 

Presumptive sources of infection in the hospital and their symptomatic status--no. (%) 

 from a patient - 4 (80.0)  - 9 (22.5) 

 asymptomatic - 4 (100)  - 7 (77.8) 

 presymptomatic  4 (100)   7 (100) 

 never-symptomatic  0 (0)   0 (0) 

 symptomatic - 0 (0)  - 2 (22.2) 

 from a worker - 0 (0)  - 31 (77.5) 

 asymptomatic - 0 (0)  - 31 (100) 

 presymptomatic  -   10 (32.2) 

 never-symptomatic  -   2 (6.5) 

 unable to distinguish *
 

 -   19 (61.3) 
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 symptomatic - 0 (0)  - 0 (0) 

 unknown - 1 (20.0)  - 0 (0) 

Symptom status at PCR testing--no. (%) 

 symptomatic 11 (57.9) 4 (87.5)  4 (44.4) 16 (40.0) 

 presymptomatic 0 (0.0) 1 (12.5)  0 (0.0) 4 (10.0) 

 asymptomatic 8 (42.1) 0 (0)  5 (55.6) 20 (50.0) 

 

*Resident physicians were not able to distinguish the source of the infection because of the 

group infection. 
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Figure 1 
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Figure 2 
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Figure 3 

 

D
ow

nloaded from
 https://academ

ic.oup.com
/ofid/advance-article/doi/10.1093/ofid/ofaa512/5935121 by M

innesota D
epartm

ent of H
ealth Library user on 22 O

ctober 2020



Acc
ep

ted
 M

an
us

cri
pt

 

Figure 4 

 

D
ow

nloaded from
 https://academ

ic.oup.com
/ofid/advance-article/doi/10.1093/ofid/ofaa512/5935121 by M

innesota D
epartm

ent of H
ealth Library user on 22 O

ctober 2020


