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hematologic-related disorders are at high risk for RSV 
infection, especially in the context of Hematopoietic Stem 
Cell Transplantation (HSCT) [5,6].

RSV, as well as RTI caused by influenza viruses, is usually 
community-acquired. Nevertheless, hospital acquisition is 
possible as RSV infected patients, visitors, companions, 
staff or their touched and therefore contaminated surfaces 
of the environment may serve as portals of transmission 
[7,8].

RSV outbreak in inpatient hematology and oncology 
units have been described [8,9]. A good understanding 
of the transmission routes of RSV infection can help us 
implement measures for prevention and control. Treatment 
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Introduction
Human Respiratory Syncytial Virus (RSV) belongs to 
the recently defined Orthopneumovirus of the family 
Pneumoviridae, which is a single stranded RNA-virus. It 
can cause seasonal Respiratory Tract Infection (RTI) in 
children and adults [1,2].Though RSV is usually a self-
limiting disease, causing only mild symptoms of RTI or 
no symptoms at all, it may also be associated with severe 
lower respiratory tract disease in elderly or immuno 
compromised individuals [3,4].The incubation period 
ranges from 2 to 8 days. Investigations showed that the 
human to human transmission takes place via respiratory 
droplets as well as direct and indirect contact. Patients with 
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Background: Respiratory Syncytial Virus (RSV) is recognized as one of the most common causes 
of acute respiratory infections in adults which is associated with significant morbidity and 
mortality in the elderly and immune compromised adults. Moreover RSV can spread rapidly 
through close contact through respiratory droplets leading to clusters of cases or outbreaks in 
health care facilities. Herein we demonstrate the successful control and the risk factors of the 
RSV outbreak involving 39 patients in a Hematology and Bone Marrow Transplant (BMT) Unit.
Methods: We performed an epidemiological investigation, analyzed the risk factors and 
implemented the infection control measures for this nosocomial RSV outbreak in the Hematology 
and BMT Unit. Furthermore we implemented the RSV screening for all the inpatients and medical 
staff of Hematology and BMT Unit and the infection control bundles to stop the outbreak.
Results: 24 patients were tested positive for RSV, 2 of which were confirmed to be hospital 
acquired respiratory infection according to Chinese hospital infection diagnostic criteria, the 
other cases were hospital acquired. Our multimodal infection control bundle was able to rapidly 
control this outbreak, newly diagnosed patients with RSV infection were distributed in the first 
three weeks of this outbreak. All cases were discharged after recovery or remission. 
Conclusion: The successful infection control management of RSV outbreak should include 
interruption of all potential transmission routes. In Hematology and BMT Unit, restriction of 
social activities is useful to stop RSV transmission despite some temporal negative impact on the 
emotional needs of the patients. Universal RSV screening and vigorous enforcement of infection 
control measures was effective in the containment of this outbreak.
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options for patients with hematopoietic stem cell transplant 
and severe blood disorders, which are severely infected 
by RSV, include ribavirin and immunoglobulin [10,11]. 
However data about ribavirin is few, a pooled analysis 
suggests some effect [12]. 

Here we present an outbreak of RSV infection in our adult 
hematology and BMT unit from June 30th to August 10th 
in 2020.We presented the analysis of this event which 
involved 39 patients, and defined the strategies for the 
successful management of RSV infections in immuno-
compromised patients.

Materials and Methods 
Study site

The University of Hong Kong-Shenzhen Hospital (HKU-
SZH) is a 3A general teaching hospital, the affiliated 
hospital of Hongkong University .The Department of 
Haematology consists of two inpatient wards, the general 
haematology ward and the haemopoietic stem cell 
transplant (BMT) Unit. The general haematology ward for 
non-cancer haematology patients and for chemotherapy 
patients consisted of 2 singles, 3 two-beds, and 12 three-
bed rooms, and thus a total of 44 beds in 17 rooms. The 
BMT unit for autologous and allogeneic transplant has 7 
single rooms, which are in the clean zone and equipped 
with high-efficiency particulate air filtration. Patients in 
BMT rooms are strictly restricted to their rooms, whereas 
patients in the general hematology ward may gather to 
chat, visit each other, and even have meals together which 
are against the ward policies.

In 2019, a total of 45 cases were treated by autologous (22 
cases) and allogeneic (23 cases) SCTs.

Nosocomial RSV infection cases

According to the Chinese hospital infection diagnostic 
criteria, nosocomial RSV infection cases are defined as 
hospital-acquired infections if they occur after 48 hours 
after admission after excluding the existence of upper 
respiratory tract infections or lower respiratory tract 
infections at the time of admission. The diagnosis of 
nosocomial acquired RSV depends on the clinical and 
microbiologic diagnostic criteria. The clinical criteria 
are divided into upper respiratory tract infection and 
lower respiratory tract infection. Having fever and upper 
respiratory tract symptoms such as nasal obstruction, 
rhinorrhea, sore throat is defined as Upper Respiratory 
Tract Infection Disease (URTID). The presence of 
symptoms such as cough, along with one of three findings: 
fever, leukocytosis, neutrophilia, and new infiltrates in 
the lung may indicate Lower Respiratory Tract Infection 
Disease (LRTID).

Description of the RSV outbreak

On June 30th, 2020, three patients with respiratory 
symptoms in the haematology department required clinical 
consultation by our clinic microbiologist; all were tested 
positive for RSV. The hospital Infection Control Team 
(ICT) was alerted to investigate these cases that probably 
had hospital-acquired RSV infection. The clustering 
of these cases in the Hematology Department led to the 
activation of the hospital outbreak response plan with the 
formation of an investigation team including members of 
the Hematology Department, Respiratory Department, 
Central Nursing Department and the head of Internal 
Medicine Department. A combined nasal and throat swab 
was taken for standard purpose, but nasopharyngeal or 
throat swabs may be taken due to medical reasons or 
patient refusal. Samples taken for diagnostic purpose were 
processed in Microbiology Lab using Direct Fluorescent 
Antibody (DFA) staining or Gene X-pert RSV/Flu 
detection.

On July 1st, ICT took these samples from 52 medical staffs 
and 39 patients of Hematology Department. Laboratory 
testing showed 12 RSV-positive patients. On July 2nd, 
in view of the possibility of prolonged RSV shedding in 
immunosuppressed hosts, ICT decided to re-sample for 
all patients once weekly. From June 30th to August 10th, 
ICT sampled 13 times for 39 patients and 52 medical staff. 
A total of 129 samples from patients, 62 environmental 
samples from High Frequency Contact (HFC) surfaces 
and 52 samples from medical staffs.

Results
Outbreak and RSV monitoring

The outbreak occurred in the Hematology and BMT unit 
for adults. The two wards were on the same floor. Some 
patients were first admitted to Hematology and then 
transferred to BMT unit if HSCT is indicated, and finally 
returned to Hematology after HSCT. Autologous and 
allogeneic HSCT are performed in BMT unit with 7 single 
rooms. The department is serviced by designated health 
care workers and cleaning staffs.   

On June 30th, 2020, 3 patients (case14,15,23) were 
tested positive for RSV in nasopharyngeal samples. 
Characteristics of Patients with RSV infection are shown 
in Table 1. Two patients fulfilled criteria for nosocomial 
acquired infection, as they had no underlying respiratory 
infection on admission. The remaining 22 patients were 
nosocomial acquired or RSV carriers because they were 
asymptomatic or already had respiratory symptoms or 
illness at the time of admission. The outbreak timeline 
with the diagnostic results can be seen in Figure 1. Newly 
diagnosed patients with RSV were concentrated in first 
three weeks of the outbreak duration, and thereafter were 
repeatedly detected from the previous patients, seen in 
Figure 2.
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9 patients received Ribavirin/immunoglobulin therapy 
(case 4,5,6,8,14,15,19,20,23),other patients received 
antibiotic or other supportive treatment. No RSV-related 
mortality was observed, all patients with RSV infection 
finally recovered or remission.

Viral persistence (viral shedding) is the time period from 
the first positive test to sustained negativity. Because 
patients cannot be monitored for RSV after discharge, 
only some patients can be monitored for persistent RSV 

shedding. The duration of viral shedding varied from at 
least 3 days (case 17,21) to at least 34 days (case 14), 
shown in Table 1.

Meanwhile, ICT sampled 4 times from the environment of 
both wards, including HFC surfaces of patients with RSV 
infection, air and utensils for RSV. A total of 62 specimens 
were taken. Laboratory results showed that only 1 sample, 
the ring bell from patient (case17) were positive for RSV 
(Figure 3).

Table 1: Characteristics of patients with RSV infection during outbreak on Hematology Ward

Case Sex Age 
ranges

Underlying 
disease Transplantation Co-infections Respiratory 

disease

RSV 
treatment 
(Yes/No)

Viral 
shedding

RSV 
outcome

Nosocomial 
acquired 
infection 
(Yes/No)

1 M 20-29 Acute myeloid 
leukemia Allogeneic / / N 14 Recovered N

2 M 50-59 Acute lymphoid 
leukemia / ESBL-KPN(BC) LRTID N at least 7 Recovered N

     EBV（B）      

3 M 20-29 Acute myeloid 
leukemia / / / N 7 Recovered N

4 M 30-39 Acute lymphoid 
leukemia Allogeneic E.faecalis,ABA  

(urine); MDRKP(s) Pneumonia Y 21 Recovered N

5 M 50-59 Myelodysplastic 
Syndromes Allogeneic /

Invasive 
pulmonary 
mycosis

Y at least 7 Recovered N

6 F 20-29 Acute lymphoid 
leukemia Allogeneic CMV URTID Y at least 13 Recovered N

7 F 40-49 Aplastic anemia Allogeneic CMV LRTID N at least 14 Recovered N

8 F 60-69 Acute myeloid 
leukemia / Stenotrophomonas 

maltophilia （S）

Invasive 
pulmonary 
mycosis

Y at least 6 Recovered N

9 M 20-29 Acute myeloid 
leukemia Allogeneic CMV;MDRKP 

(urine) LRTID N 13 Recovered N

10 M 60-69
Diffuse 
large B-cell 
lymphoma

Autologous / pneumonia N at least 6 Recovered N

11 M 30-39 Acute myeloid 
leukemia / / LRTID N 7 Recovered N

12 M 30-39 Acute lymphoid 
leukemia Allogeneic

CMV; 
stenotrophomonas 
maltophilia（BC）

Pneumonia N 34 Recovered N

13 F 40-49 Acute myeloid 
leukemia / / Pneumonia N at least 14 Recovered N

14 F 30-39 Myelodysplastic 
Syndromes Allogeneic CRE(FC) / Y at least 34 Recovered Y

15 F 30-39 Hodgkin 
lymphoma Autologous / Pneumonia Y 27 Recovered N

16 M 50-59 Acute myeloid 
leukemia / / Pneumonia N 7 Recovered N
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17 M 70-79 Multiple 
myeloma / / LRTID N at least 3 Recovered N

18 M 70-79 Acute myeloid 
leukemia / / / N 7 Recovered N

19 M 30-39 Acute myeloid 
leukemia Allogeneic CMV；CDI（F）

Invasive 
pulmonary 
mycosis

Y 33 Recovered N

20 F 50-59 Myelodysplastic 
Syndromes Allogeneic CMV Pneumonia Y 7 Recovered N

21 F 40-49
Acute 
promyelocytic 
leukemia

/ UTI URTID N at least 3 Recovered N

22 F 70-79
Acute 
promyelocytic 
leukemia

/ / Pneumonia N at least 8 Recovered N

23 M 60-69 Myelodysplastic 
Syndromes Allogeneic / pneumonia Y at least 16 Recovered N

24 F 70-79 Aplastic anemia / E.coli (urine) / N 12 Recovered Y

Figure 1. Outbreak timeline. Note: (        ) Days when patient was admitted 
or re-admittes; (        ) positive routine dianostic RSV testing (PCR); (        ) a 
negative routing diagnostic RSV testing

Figure 2. Epidemic curve of the RSV outbreak (The number of newly diagnosed patients 
with RSV infection is given for the first three calendar weeks,no new patients were 
subsequently diagnosed. Note: (        ) No socomial acquired; (        ) no socomial acquired 
infection
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ICT also sampled respiratory specimens for all medical 
staff. All 52 specimens were negative.

The outbreak control measures

An outbreak contingency plan was developed after 
the detection of 3 RSV infected patients on June 30th, 
2020. During the outbreak period, daily or every 2 day 
meeting were held with stakeholders from relevant 
departments including Hematology, BMT Unit, ICT, 
the Microbiologists, Central Nursing Department, ICU, 
Respiratory, and Logistic Department. In addition to 
routine infection control measures, such as contact and 
droplet precautions for patients with either confirmed 
or suspected RSV infection who were already in the 
wards before the outbreak enhanced interventions were 
implemented. Strengthening the usual restrictions on 
access to the ward for visitors, accompanies and non-
essential staff, with prohibition of visitors with fever and 
respiratory symptoms. All newly admitted patients were 
screened for RSV using DFA or Gene X-pert Flu/RSV 
detection. Once weekly RSV screening for all patients in 
the hematology and BMT Unit were performed till the end 
of this outbreak. Patients were instructed to wear masks, 
forbidden to visit each other or eat together in different 
rooms as usual. The patients with confirmed RSV infection 
were isolated in single rooms or placed in the shared rooms 
if no single rooms were available. Health Care Workers 
(HCW) used personnel protective equipment such as 
surgical mask or N95 mask, water-resistance gown, and 
gloves according to the operational risks in patient room. 
Once fever or respiratory symptoms appear, HCW who 
works in front-line should suspend work immediately 
until recovered.

ICT conducted adhoc training and supervision to improve 
compliance to the isolation procedure and hand hygiene. 
Environmental cleaning and disinfection of the wards, 
especially HFC surfaces were strengthened. 

In view of the above strict measures, newly acquired 
RSV patients were controlled in the first three weeks of 

the duration, so we may suspend this outbreak earlier and 
faster.

Discussion
In total, 24 patients shown in Fig 1 were all RSV positive 
and there were no fatal cases. This is consistent with some 
studies where RSV positivity in immune compromised 
patients was not associated with any fatal outcomes 
[13,14].

Except case 23 had been admitted in the ward for a while, all 
had some respiratory disease or symptoms except case14, 
24. Case 1,3,18 were asymptomatic. Prior to the outbreak, 
case 14,15 had just completed bone marrow transplants, 
case 23 also had just completed in the BMT Unit. They 
were transferred back to the Hematology Unit after the 
transplantation. The first case 24 were tested positive for 
RSV on June 24th 2020, which was nosocomial acquired, 
and then case 14,15,23 were tested positive 6 days later, 
case 14 was also a hospital acquired RSV case, but case 
15,23 had a relative with respiratory disease and may not 
be true nosocomial acquired RSV infection cases. Along 
with bed occupancy and redeployment, both direct and 
indirect patient to patient transmission was possible before 
samples were tested RSV positive, this is also in line with 
the previous studies [7,15]. However, it was also possible 
that transmission by HCWs or infected visitor who may 
be the source. The frequency of patient-to patient contact 
by visiting each other may also be an important risk 
factor for cross infection among the inpatients. Taking all 
epidemiological data into account, random introduction 
of community-acquired RSV was the explanation of this 
outbreak.

Standard RSV infection control measures were 
largely consistent with previous recommendations for 
hematologic disorder patients [16,17]. The additional 
measures, strict isolation of infected patients, suspension 
of all social activities and personnel protective equipment 
for all HCWs in patient rooms, and surgical masks for 
all patients and visitors, should cut off all possible RSV 

Figure 3.
Unit. Note: (        ) Hematology Dept; (        ) BM

 Number of environmental surface sampling on Hematology Ward and SCT 
T
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transmission pathways during the outbreak. RSV was 
once temporarily detected on the ring bell of case 17, 
this was described in previous study, and thus contact 
transmission through the hands of staff was conceivable 
for nosocomial acquisition [18]. Obviously hand hygiene 
compliance and cough etiquette are critical for infection 
control. Besides, patient education on wearing mask and 
decreased unnecessary visits play another important role in 
interrupting transmission during this outbreak especially 
for the droplet and contact transmitted pathogen.

Therefore, early in the outbreak, we focused on patient 
to patient transmission; isolation for infected patients 
had been a key measure in the infection control bundles. 
Infected patients were isolated for 8 days and re-sampled 
for RSV in order to interrupt infection chains. One infected 
patient (case 15) was re-tested positive on day 7 after 
the first negative test. This underlines the importance of 
repeated samples [7]. As all these measures required larger 
isolation capability in the ward, so we decided to restrict 
elective admissions.

We detected prolonged RSV shedding in this outbreak, 
which had been described in hematology patients 
[19]. To effectively control the outbreak, we took this 
finding seriously and repeated the test in these immune 
compromised patients as we had done. Negative RSV 
results were taken to end the quarantine as reported [20]. 
Actually, two pursuant negative results were necessary for 
case 15.

Personnel Protective Equipment (PPE) plays a vital 
role as an effective infection control measure to prevent 
RSV nosocomial transmission, because RSV can be 
transmitted via symptomless or asymptomatically infected 
individuals. The value of PPE for reducing nosocomial 
RSV transmission was also demonstrated by French et al. 
[21]. Studies have shown that infected staff especially in 
hematology ward can be involved in the outbreak, who 
should not participate in direct patient care activities. 
Staff screening is recommended and staff caring for RSV-
positive and negative patients could be separated [22].

Active RSV screening on admission and once weekly for 
all patients in the ward ensured rapid isolation for RSV-
positive patients. This is an effective infection control 
measure to control the outbreak. The start and end of 
screening depends on regional or local RSV epidemiology 
and seasonal variation and clinical reality of infection 
control practices [23].

Conclusion
RSV poses a significant threat for human respiratory 
infections. However, Chinese hospitals generally 
do not pay enough attention to RSV even the other 
respiratory virus. Through this event, the following 
lessons were learned. We should be aware of RSV cases 
on a daily basis and enforce the necessary infection 
control measures. Universal screening, early diagnosis, 

isolation and treatment of RSV are useful to interrupt 
further transmission. Monitoring RSV viral persistence, 
especially patients with hematological disorder to prevent 
resurgence. Routine surveillance of RSV infection 
is necessary to prevent seasonal outbreak. Infection 
control bundles such as strict isolation, PPE application, 
prevalence and admission screening are particularly useful 
during the COVID-19 pandemic as the transmissibility of 
SARS-CoV-2 may be increased by RSV coinfection. 
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