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Background: Patients infected with SARS-CoV-2 Delta VOC have a longer course of disease. We detected the air, surfaces, and 
patient’s personal items in the wards of the second hospital of Nanjing during the outbreak of the COVID-19 Delta Variant to identify 
the environmental contamination, which provides a theoretical basis for the prevention and control of COVID-19 variation beads in the 
future.
Methods: In the cross-sectional study, we collected and analyzed clinical features, demographic and epidemiological data, laboratory 
and swab test results, and surface and air samples of 144 COVID-19 cases.
Results: The time from symptom onset to surface sampling was 25 days (IQR, 21 to 33 days). Positive throat swabs were detected in 
52(36.1%) patients, of which only 8(5.6%) patients had N or ORF1a/b genes Ct value <35 on the surface sampling day. Among the 
692 environmental surface and air specimens collected from 144 COVID-19 cases, 3 specimens (3/692, 0.4%) related to 5 cases 
(3.5%, 5/144) were detected positive on RT-PCR. Overall, bedside tables (2/144, 1.4%) were most likely to be contaminated, followed 
by toilet seats (1/81, 1.2%).
Conclusion: The environmental contamination by SARS-CoV-2 Delta VOC-infected cases with disease duration of more than two 
weeks is limited.
Keywords: COVID-19, delta VOC, environmental contamination, SARS-CoV-2

Introduction
Severe acute respiratory syndrome type 2 coronavirus (SARS-CoV-2) has caused a serious global pandemic and brought 
major public health problems.1,2 Multi-national government has taken a variety of measures to fight against COVID-19, 
such as converting large public utility spaces into makeshift healthcare centers, increase in-hospital COVID-19 beds and 
ICU capacities and so on.3 The virus has undergone several mutations that will promote the evolution of the virus, which 
may affect the transmission and pathogenicity of the virus, as well as immune escape and resistance to therapeutic drugs.1

Since the Delta variant strain of SARS-CoV-2 was first detected in India in October 2020, it had been identified as the 
variant of concern (VOC) by the World Health Organization (WHO) and affected more than 80 countries.4 Since Delta 
VOC is more virulent, the patients infected have about twice the risk of hospital admission compared with those infected 
with Alpha VOC.5 The Delta VOC also shows a prolonged viral shedding, compared with the wild-type.6
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SARS-CoV-2 is transmitted via respiratory droplets,7 close contact,8 and touching the contaminated object surface.9 

Studies have shown that SARS-CoV-2 is widely distributed in the air and on object surfaces in the hospital.10,11 Positive 
specimens in the environment may appear on almost all the frequently touched surfaces in the isolation ward,12 included 
mobile phones,13 shelves in the toilet,13 bedside handrails,14 bedside tables, pillows, bed sheets, air exhaust outlets,15 and 
even the shoes.16 However, one study has indicated that the SARS-CoV-2 contamination on environmental surfaces in 
the hospital is limited, although it may persist for a longer time on surfaces under controlled laboratory conditions.17 

Another study also indicates that the rate of environmental contamination by COVID-19 patient with prolonged viral 
carriage is low.18

Patients infected with Delta VOC have a longer course of disease. To the best of our knowledge, few studies have 
focused on the environmental contamination associated with Delta VOC-infected patients with the duration of more than 
two weeks. On 30 July, one official of Nanjing Center for Disease Control and Prevention reported the results of virus 
gene sequencing in 52 related cases in the outbreak of the COVID-19.19 The virus genome sequences were highly 
homologous, which indicates the same transmission chain. The early cases (Lukou international airport cleaners) have 
been confirmed to share the same RNA sequence as the Delta VOC, which was consistent with the genetic sequence of 
one imported patient on Flight CA910 from Russia on 10 July 2021.

Therefore, we detected the contamination of air, surfaces, and patient’s personal items in the isolation wards among 
patients with Delta VOC infection with duration of more than two weeks in Nanjing. In addition, the study of 
environmental contamination of SARS-CoV-2 Delta VOC is of great significance to guide the prevention of COVID- 
19 infected by other mutants in the future, because there is no difference in there pollution to the environment.20 

Moreover, hospital risk control needs to have a better understanding of different modes of transmission.

Methods
Study Design and Setting
This study was conducted in four non-negative pressure general wards randomly selected from The Second Hospital of 
Nanjing. Biological, environmental samples from COVID-19 patients with duration of more than two weeks were 
collected (Figure 1). On August 21, 23, 27 and 30, 2021, the environmental samples were collected from four wards 
(Ward A, B, C, and D), where 144 COVID-19 cases were hospitalized in the 81 rooms, including 22 single-bed rooms, 
55 two-bed rooms, and 4 three-bed rooms. General environmental sampling was performed in Ward A, B and C, 

Figure 1 Flowchart of selecting study cases.
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including the patients’ rooms and public areas, while enhanced environmental sampling was conducted in Ward D, with 
additional sampling of air, personal items, masks (inside and outside) apart from the general sampling.

Demographic and Epidemiological Data
The patients’ epidemiological data were collected, including basic demographic information (such as age, gender, marital 
status, place of residence, education background), date of symptom onset, severity of disease, first symptoms (such as 
fever, dry cough, expectoration, fatigue, myalgia, diarrhea), and date of environmental sample collection.

Sample Collection
The corridors and nurse station of the ward were cleaned and disinfected twice daily by nurses. The floor of the corridors 
and nurse station was disinfected with 1000 mg/liter chlorine solution and cleaned with the mop. The other surfaces were 
wiped with chlorine-containing disinfectant wipes. The inside and outside of the garbage bin and the contents inside the 
bin were disinfected with 2000 mg/liter chlorine solution before garbage collection. The surfaces and floors in the 
patient’s rooms, including the toilet bowls, were also disinfected. The air of wards (including the corridors, patient’s 
rooms, and nurse station) was disinfected with UV lamps twice a day for 1 hour each time.

Throat swabs were collected from the patients in the morning. The environmental samples were collected from 
bedside tables, bedrails, garbage bins (both bedside and toilet), and toilet seats before the first cleaning of the day. In 
ward D, samples from patient’s personal items, including masks (both inside and outside) and mobile phones, were 
collected. Samples from public area were collected from garbage bins, mobile treatment carts, armrests and electro
cardiographs in the corridor, mobile phones of physicians and nurses, keyboards, mice, telephones, and desktop in the 
nurse station. For larger surfaces such as the bedside table, samples were collected from a minimum area of 100 cm2, and 
for smaller surfaces, such as mobile phones, samples should be collected in an area as large as possible. All samples were 
collected using sterile swabs (Yocon, Beijing, China) and kept in virus preservation solution (Yocon, Beijing, China).

We sampled the air in Ward D (8 rooms) where stayed 15 cases with positive throat swab on August 22 before 
disinfection using the Aerosol Particle Liquid Concentrator (model WA-400II, Beijing Dingblue Technology Co., Ltd.) at 
400 L/min for 20 minutes. Each air sample was collected and stored in 3 mL of the virus sampling liquid as previously 
mentioned.21,22

Viral RNA Detection by Reverse Transcription-Polymerase Chain Reaction (RT-PCR)
The samples were stored in virus medium. Viral RNA was extracted within 2 hours of collection using the Nucleic Acid 
Isolation Kit (Jiangsu Bioperfectus Technologies Co., Ltd, China) according to the manufacturer’s instructions. RT-PCR 
was conducted with primers and probes targeting at the N, ORF1a/b genes and a positive reference gene by using the 
RNA Detection Kit for SARS-CoV-2 (Jiangsu Bioperfectus Technologies Co., Ltd, China).6 The reaction system and 
amplification conditions followed the manufacturer’s specification (Bioperfectus Technologies Co., Ltd). The detection 
limit of cycle threshold (Ct) was set to be 40 (500 copies/mL). Samples were considered positive when N or ORF1a/b 
genes were detected with Ct values ≤40. All tests were performed under strict biosafety conditions following the standard 
operating procedures.

Statistical Analyses
All participants were divided into the positive and negative groups based on the environmental surface sampling results. 
Categorical variables were expressed as numbers and percentages. Continuous variables were presented as medians and 
interquartile ranges (IQRs). SPSS software version 26.0 (IBM Co. LTD, Chicago, IL, USA) was used for all statistical 
analyses.

Ethics Statement
Our study protocol was approved by the Ethics Committee of The Second Hospital of Nanjing (2021-ls-ky030). In 
addition, we confirm that this study was conducted in accordance with the Declaration of Helsinki. Informed consent was 
obtained from the patients before the questionnaire survey. Personal information was not involved in this study.
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Results
Baseline Characteristics
Table 1 shows the characteristics of 144 COVID-19 cases. Among these patients, 69 (47.9%) were male; 22 (15.3%) 
were under the age of 18 years, 100 (69.4%) were aged 18–59 years, and 22 (15.3%) were aged 60 years and greater; 80 
(55.6%) lived in the city, while 64(44.4%) lived in the countryside; 100(69.4%) cases had a high school or lower 
educational background; 52(36.1%) received 2 doses of vaccination, 34(23.6%) received 1 dose, and 58 (40.3%) were 
unvaccinated. In terms of clinical severity, 30 (20.8%) were mild, 114 (79.2%) were moderate, and all were cured and 
discharged. The common symptoms at onset were cough (including dry cough) (81, 56.3%), fever (57, 39.6%), throat 
discomfort (24, 16.7%), fatigue (19, 13.2%), hyposmia (4, 2.8%), and CT lung abnormalities 114(79.2%). The lowest 
PCR Ct value on gene N was 22 (IQR, 18 to 25.8), and lowest PCR Ct value on gene ORF1a/b was 23.5 (IQR, 19 to 28).

Table 1 Baseline Characteristics of 144 COVID-19 Cases

Items N (%)

Patient 144

Age

<18 22(15.3)
18~59 100(69.4)

≥60 22(15.3)

Gender
Male 69(47.9)

Female 75(52.1)

City/countryside
City 80(55.6)

Countryside 64(44.4)

Education background
High school or lower 100(69.4)

College or higher 44(30.6)

Vaccine
0 58(40.3)

1 34(23.6)

2 52(36.1)
Clinical severity

Mild 30(20.8)

Moderate 114(79.2)
Symptoms at onset

Cough 81(56.3)

Fever 57(39.6)
Throat discomfort 24(16.7)

Fatigue 19(13.2)
Hyposmia 4(2.8)

CT lung abnormalities 114(79.2)

Time from symptom onset to surface sampling 25(21, 33)
Positive throat swab sample on surface sampling day 52(36.1)

Ct values of both N and ORF1a/b genes ≤40 30(20.8)

Only Ct value of N gene ≤40 22(15.3)
Ct values of N or ORF1a/b genes <35 8(5.6)

PCR Ct value of gene N of positive throat swab (n=52) 37(36, 38)

PCR Ct value of ORF1a/b gene of positive throat swab (n=30) 38(36, 40)
Lowest PCR Ct value of N gene 22(18, 25.8)

Lowest PCR Ct value of ORF1a/b gene 23.5(19, 28)
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The time from symptom onset to surface sampling was 25 days (IQR, 21 to 33 days). Positive throat swabs were 
detected in 52(36.1%) patients, of which 30 (20.8%) had both N and ORF1a/b genes Ct value ≤40, and 22(15.3%) had 
only N genes Ct value ≤40. PCR Ct value on gene N was 37 (IQR, 36 to 38), and PCR Ct value on gene ORF1a/b was 38 
(IQR, 36 to 40). Only 8(5.6%) patients had N or ORF1a/b genes Ct value <35.

Environmental Samples
A total of 692 environmental surfaces and air specimens were collected among 144 COVID-19 cases, and 3 specimens 
(3/692, 0.4%) related to 5 cases (3.5%, 5/144) were detected positive on RT-PCR (Table 2). Overall, bedside tables (2/ 
144, 1.4%) were most likely to be contaminated, followed by toilet seats (1/81, 1.2%). By contrast, specimens from the 
garbage bins (at bedside and in the toilet), masks (both inside and outside), the patients’ mobile phones, public areas 
(including the corridor and nurse stations) were all tested negative on RT-PCR. All air samples (from bedside and toilet) 
were negative in patients’ rooms (Table 3).

Table 2 Information of 3 Positive Environmental Specimens Related to 5 COVID-19 Cases

ID Room Sex Age Severity Vaccine Time from 
Symptom 
Onset to 
Surface 
Sampling

Lowest 
Ct 
Value

Throat Swab 
on Surface 
Sampling Day 
(Ct Value)

Positive Surface 
Sample

1 1 Female 52 Moderate 2 19 15 (+)36 Bedside table

2 2 Male 3 Mild 0 27 16 (+)35 Toilet seat

3 2 Female 3 Mild 0 21 12 (-) Toilet seat
4 2 Female 54 Moderate 0 21 25 (-) Toilet seat

5 3 Male 35 Mild 0 20 18 (+)29 Bedside table

Table 3 Distribution of Environmental Specimens of 144 COVID-19 Cases

Variable No. of Positive or Weakly 
Positive Environmental 
Samples (%)

No. of 
Environmental 
Samples 
Collected

General environmental sampling (Ward A, B and C)

Patient’s room
Bedside table 1(0.7) 109

Bedrail 0 109

Garbage bin(bedside) 0 63
Garbage bin(toilet) 0 63

Toilet seat 1(1.2) 63

Public area
Corridor 0 12

Nurse station 0 18

Enhance environmental sampling (Ward D)

Patient’s room

Bedside table 1(0.7) 35

Bedrail 0 35
Garbage bin(bedside) 0 18

Garbage bin(toilet) 0 18

(Continued)
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Discussion
In the present study, we assessed the environmental contamination of SARS-CoV-2 among 692 environmental surfaces, 
personal items, and air specimens related to 144 Delta VOC-infected cases with duration of more than two weeks in 
a hospital. Our study evidenced that the SARS-CoV-2 Delta VOC contamination on object surfaces or in the air might be 
limited, though a small number of positive samples were found from bedside tables and toilets. All personal item and air 
specimens were negative.

Delta VOC was the culprit of the infection among all these patients. Our study showed that the median lowest Ct 
value of throat swabs was 22 (gene N), indicating a high viral load. Previous studies suggested that the viral load of Delta 
VOC was about 1000 times higher than the wild-type strain, with a prolonged shedding time.6 Another study showed that 
compared with the wild-type, the Delta VOC was associated with a longer duration of Ct value ≤30 (median duration 18 
days for Delta VOC, and 13 days for wild-type).8

Our study showed that in the hospital, the contamination of SARS-CoV-2 Delta VOC from COVID-19 patients with 
duration of more than two weeks was limited, which may be explained by the following factors. First, in the later stages 
of COVID-19, the patients release fewer viruses through the respiratory tract. Previous studies showed that the virus was 
readily isolated during the first week of symptom onset, and no isolates were obtained from the samples on day 8 despite 
a persistent high viral load.23 The evidence suggests that the viral load of SARS-CoV-2 from upper respiratory tract 
samples peaks around the time of symptom onset or a few days after and would not be detectable within about two 
weeks24 One study showed that patients with Ct value (gene E) above 33–34 were not contagious.25 Our data 
demonstrated that the positive rate of pharyngeal swabs on the environmental sampling day was 36.1% (52/144), the 
median Ct value was 37 (IQR, 36 to 38) and the time from symptom onset to surface sampling was 25 days (IQR, 21 to 
33 days). Second, the floor, surfaces, and the air were disinfected twice a day, which possibly played an important role. 
Third, the sampling was performed in early morning. In the wards, there was no treatment or care and patients were all 
asleep at night, which may reduce the possibility of environmental contamination.

Our study found that the Delta VOC was detected positive on bedside tables and toilet seats, which is consistent with 
some previous reports.21,26,27 A previous study showed a longer duration of virus in fecal samples than in the respiratory 
samples.28 That means that SARS-CoV-2 could be released through the stool despite the negative result of the throat 
swab. We also found that samples from the garbage bins (at bedside and in the toilet) and the air were all negative. 
According to one study22 the air samples from non-negative pressure general wards of four hospitals were detected 
positive (3 of 44, 6.8%). Surprisingly, another study discovered that all the air samples from negative-pressure wards 
were negative.18 Our study found that the air samples were negative, which was likely due to the prolonged course and 

Table 3 (Continued). 

Variable No. of Positive or Weakly 
Positive Environmental 
Samples (%)

No. of 
Environmental 
Samples 
Collected

Toilet seat 0 18

Personal items
Mask(inside) 0 35

Mask(outside) 0 35

Patient’s mobile phone 0 35
Public area

Corridor 0 4

Nurse station 0 6
Air sample

Bedside 0 8

Toilet 0 8
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the regular disinfection. While there was debate about the presence of SARS-CoV-2 in the air, some experts believe there 
was consistent, strong evidence that SARS-CoV-2 spreads by airborne transmission.29 Samples from masks (inside and 
outside) were detected negative. One study showed a 41.9% positivity rate of SARS-CoV-2 from the mask samples 
collected within 36 hours of their confirmed diagnosis.30 However, our mask sampling is more than two weeks after 
diagnosis.

This study has some limitations. First, we only tested viral nucleic acid and did not perform viral culture to 
demonstrate the viability. Second, only the general wards hospitalized with mild or moderate COVID-19 cases were 
detected. Third, we did not test the environmental samples at the early stage of admission. Despite these limitations, we 
believe that our findings can be applied in clinical practice to prevent and control the spread of SARS-CoV-2.

Conclusion
Our study revealed that the environmental contamination of SARS-CoV-2 Delta VOC-infected cases with duration of 
more than two weeks may be limited, which may be similar to that of the current Omicron. Hopefully, our findings can 
provide guidance on infection control for both COVID-19 patients and healthcare workers.
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