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A B S T R A C T   

Objective: Low viral load from patients infected with SARS-CoV-2 during infection late stage easily lead to false 
negative nucleic acid testing results, thus having great challenges to the prevention and control of the current 
pandemic. In present study, we mainly aimed to evaluate specimen types and specimen collection timepoint on 
the positive detection of 2019 novel coronavirus from patients at infection late stage based on RT-PCR testing. 
Methods: Paired nasopharyngeal swabs, nasal swabs, oropharyngeal swabs and anal swabs were collected from 
patients infected with SARS-CoV-2 during infection late stage before washing in the morning and afternoon on 
the same day. Then virus RNA was extracted and tested for 2019-nCoV identification by RT-PCR within 24 h. 
Results: Viral load was low at late infection stage. Specimens collected before washing in the morning would 
increase the detection ratio of 2019-nCoV. Detection ratio of nasopharyngeal swab [65 (95 % CI: 49.51–77.87) vs 
42.5(95 % CI: 28.51–57.8)] or nasal swab [57.5 (95 % CI: 42.2–71.49) vs 35 (95 % CI: 22.13–50.49)] is higher 
not only than oropharyngeal swab[22.5 (95 % CI: 12.32–37.5) vs 7.5 (95 % CI: 2.58–19.86)], but also anal swab 
[2.5 (95 % CI: 0.44–12.88) vs 5 (95 % CI: 1.38–16.5)]. 
Conclusions: In summary, our research discovers that nasopharyngeal or nasal swab collected before washing in 
the morning might be more suitable for detecting of large-scale specimens from patients infected with low SARS- 
CoV-2 load during infection late stage. Those results could facilitate other laboratories in collecting appropriate 
specimens for improving detection of SARS-CoV-2 from patients during infection late stage as well as initially 
screening.   

1. Introduction 

The pandemic caused by severe acute respiratory syndrome coro
navirus 2 (SARS-Cov-2) with high morbidity and mortality has become 
the most serious health crisis in modern times, which makes everyone at 
risk of significant harm (Zhu and Zhang, 2019; Zheng, 2020). Nucleic 
acid test is a simple and rapid novel coronavirus identification method, 
which has become the gold standard in the diagnosis of novel corona
virus infected pneumonia (Li et al., 2020). Low viral load from patients 
infected with SARS-CoV-2 during infection late stage easily lead to false 
negative nucleic acid testing results, thus having great challenges to the 
prevention and control of the current pandemic. 

Nucleic acid amplification tests (NAAT) based on detection of unique 
sequences of virus, such as whole genome sequencing analysis and real- 
time reverse-transcriptase polymerase-chain-reaction (RT-PCR) assay, 
could achieve early and high-throughput detection of low viral load and 
play an important role in the detection of COVID-19. Whole genome 
sequencing was the method that SARS− COV-2 was initially identified in 
the laboratory (Chen et al., 2020a). This method is not suitable for 
large-scale specimen detection under the current pandemic because of 
its longer turnaround time, higher cost and professional requirements 
for interpretation of results. RT-PCR recommended in the New Coro
navirus Pneumonia Prevention and Control Program (6th edition) 
published by the National Health Commission of China was still used as 
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one of the vital criteria for initial screen and discharge diagnostic 
(Corman et al., 2020; Lo et al., 2020). At present, reports of false 
negative nucleic acid testing results and discharged patients that turn 
positive again are increasing (Ai et al., 2020; Zhang et al., 2020). 
Appropriate specimen selection is important for improving the detection 
of SARS-Cov-2 through RT-PCR method and reducing current false 
negative detection. Lower respiratory tract samples, such as bron
choalveolar lavage fluid (BALF), is most accurate for laboratory diag
nosis of COVID-19 based on some reports (Xiong et al., 2020). However, 
BALF is not feasible for the routine rapid laboratory diagnosis of the 
SARS-Cov-2 because collection of BALF requires both a suction device 
and a skilled operator, is also painful for the patients. Instead, swabs 
collected from upper respiratory tract or anal is more suitable for 
large-scale specimen detection under the current pandemic because of 
its rapid, simple and safe (Lambert et al., 2008; Lin et al., 2020a; Peng 
et al., 2019). Some studies have investigated the effects of swab type on 
SARS-Cov-2 detection (Lin et al., 2020a). The value of swab collection 
timepoint on the detection of SARS-Cov-2 is ignored. 

Accordingly, in this study, we mainly aimed to evaluate specimen 
types and specimen collection timepoint on the positive detection of 
SARS-CoV-2 for patients during late infection using RT-PCR testing. We 
hope to assist other laboratories in selecting appropriate specimen for 
the fast and accurate detection of SARS-CoV-2 from COVID-19 infected 
patients that are not only in late stage but also in initial screening. 

2. Material and methods 

2.1. Patient information 

48 confirmed or highly suspected 2019-nCoV infected patients who 
were hospitalized in Yichang Central people’s Hospital from Jan. 31 to 
Mar. 16, 2020 were included. Patient inclusion criteria were based on 
the following points. Firstly, these patients were diagnosed based on the 
National recommendations for diagnosis and treatment of pneumonia 
caused by 2019-nCoV through epidemiology survey, imaging features, 
laboratory examinations, clinical characteristics and nucleic acid testing 
results (Chen et al., 2020b; Jin et al., 2020). If the nucleic acid test result 
is positive, the patient is judged as a confirmed case. If the nucleic acid 
test result is negative but the patient has relative epidemiological his
tory, clinical characteristics or imaging features, the patient is judged as 
a suspected case. Secondly, the patient should have the ability to un
derstand and agree to participate in the study. Patients who lack the 
ability to understand and agree, object to participate and could not 
collect specimen needed in this study because of physical reasons would 
be excluded. Patients in this study were divided into three groups based 
on initial results of chest computerized tomography (CT) test. Common 
type: CT shows signs of pneumonia with multiple small plaques and 
interstitial changes, especially in the outer lung. Heavy type: Both lungs 
showed typical multiple ground glass shadow and infiltration shadow. 
Severe type: Lung consolidation appeared besides the characteristics of 
heavy type. The recovery index was used to represent the stage of the 
patient. The recovery index = the patient’s hospitalization time on the 
day of testing /the patient’s whole hospitalization time. The closer the 
recovery index is to 1, the closer the patient is to discharge criteria. 
Discharge time was determined by experts based on national standards. 
First, the body temperature returned to normal for more than 3 days. 
Second, respiratory symptoms significantly improved. Third, pulmonary 
imaging showed that acute exudative lesions were significantly 
improved. Fourth, the nucleic acid test of respiratory tract specimens 
were negative for two consecutive times (the sampling time was at least 
1 day). 

2.2. Study plan 

The study plan is described as follows. I. Patients wrote informed 
consent. II. Querying medical history data and grouping. III. Paired 

nasopharyngeal, nasal, oropharyngeal and anal swabs were collected by 
nurses based on a standard protocol from the same patient before 
washing in the morning and after on the same day (Li et al., 2013; Lin 
et al., 2020b). Ⅳ. Virus RNA was extracted and tested for 2019-nCoV 
identification by RT-PCR within 24 h.Ⅴ. Data analysis. Quality con
trols including three negative and one positive were used for monitoring 
the whole detection process. Two consecutively negative RT-PCR test 
results in respiratory tract specimens is required for the evaluation of 
discharge from hospital in china. If the test results of all swabs from the 
same patient are negative, the swabs from the patient should be 
collected and detected again according to the negative criteria depicted 
as above. The study was approved by the Ethics Committees from 
Yichang Central people’s Hospital. 

2.3. Quantitative reverse transcription polymerase chain reaction 

Viral RNA was extracted with a High Pure Viral Nucleic Acid Kit, as 
described by the manufacturer (Sansure Biotech). Quantitative reverse 
transcription polymerase chain reaction (qRT-PCR) was performed 
using a China Food and Drug Administration (CFDA) approved com
mercial kit specific for 2019-nCoV detection (Sansure biotechnology co., 
Ltd, China) in accordance with manufacturer instructions. RT-PCR assay 
was used to detect viral RNA by targeting a consensus open reading 
frame (ORF 1ab) and nucleoprotein (N) gene region that recommended 
by the China CDC. A housekeeper gene is used to monitor the reaction. 
The limit of detection (LoD) of the kit could reach 200 copies/mL. The 
qPCR reaction mixture (40 μL each) were prepared by mixing 30 μL of 
Master Mix and 10 μL of virus RNA. The qPCR amplification was per
formed in the ABI DX real-time PCR system with reverse transcription at 
50 ◦C for 30 min, followed by denaturation at 95 ◦C for 1 min and then 
45 cycles of denaturation at 95 ◦C for 15 s and annealing at 60 ◦C for 30 
s. The positive controls consisted of viral RNA plasmids. Interpretation 
based on kit instructions shows that the specimen is judged as positive if 
the Ct value was ≤ 40.0, and negative if the result is undetermined. 
Specimen with a Ct value during 40 to 45 is in a grey area and the 
specimen should be tested again. The specimen is judged as positive if 
the repeat result is still during 40–45. If the repeat Ct is undetectable, the 
specimen is judged as negative. 

2.4. Statistics analyses 

All 95 % confidence intervals were used to determine whether dif
ferences in specimens and timepoint were statistically significant. Sta
tistical analyses were based on McNemar’s Test for Correlated 
Proportions in the Marginals of a 2 × 2 Contingency Table. A p-value of 
<0.05 was considered statistically significant. 

3. Results 

3.1. The characteristics of the patients in this study 

A total of 48 volunteers were recruited in this study. One patient (No. 
22) was excluded because this patient failure to meet the inclusion 
criteria based on the comprehensive analysis from nucleic acid testing 
and other inspection. Patient information and test results are shown in 
Table 1(Detailed information shown in Table S1). The whole average 
age of all patients was 53.45 ± 12.08 old. The average age and number 
of ordinary type patients, heavy patients and serve patients were 52 ±
11.44 and 32[68.09 % (95 % CI: 53.84–79.61)], 51.25 ± 11.08 and 12 
[25.53 % (95 % CI: 15.25–39.51)], 77.67 ± 7.11 and 3[6.38 % (95 % CI: 
2.19–17.16)], respectively. The number of female patients was 25/47, 
25 % [53.19 % (95 % CI: 39.23–66.67)]. The average age of female 
patients was 52.68 ± 11.40 old. The average age and number of ordinary 
type patients, heavy patients and serve patients were 50.53 ± 10.79 and 
17[68 % (95 % CI: 48.41–82.79)], 51.5 ± 10.5 and 6[24 % (95 % CI: 
11.5–43.43)], 74.5 ± 7.5 and 2[8% (95 % CI: 2.22–24.97)], 
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respectively. The number of male patients was 22/47, 22 [46.81 % (95 
% CI: 33.33–60.77)]. The average age of male patients was 54.32 ±
12.86 old. The average age and number of ordinary type patients, heavy 
patients and serve patients were 53.67 ± 12.22 and 15 [68.18 % (95 % 
CI: 47.32–83.63)], 51 ± 11.67 and 6 [27.27 % (95 % CI: 13.15–48.15)], 
84 ± 0 and 1 [4.55 % (95 % CI: 0.81–21.8)], respectively. The average 
recovery index of the patients is 0.84 ± 0.06 (Fig. 1), showing all patient 
were at late infection. The average hospitalization time (Table 1) for all 
patients was 36.81 ± 3.16. The average hospitalization time for three 
type patients were 36 ± 3, 39.08 ± 2.60 and 36.33 ± 1.78, respectively. 
The average hospitalization time for female patients was 37.36 ± 2.72. 
The average hospitalization time for three type patients were 36.88 ±
2.57, 38.67 ± 2.78 and 37.5 ± 1.5, respectively. The average hospital
ization time for male patients was 36.18 ± 3.65. The average hospital
ization time for three type patients were 35 ± 3.47, 39.5 ± 3.25 and 34 
± 0, respectively. It should be noted that for sever patients, the data lack 
statistical significance due to the too few scale specimens. 

3.2. Detection of 2019-nCoV virus from nasopharyngeal swabs, nasal 
swabs, oropharyngeal swabs and anal swabs collected before washing in 
the morning and afternoon 

Nucleic acid testing results of patients including No.2, No.4, No.14, 
No.18, No.24, No.33, and No.38 (shown in Table S1) were final judged 
as negative based on nucleic acid testing discharge criteria. Results 
shown that the specificity for four different swab types were 100 %. 

Forty enrolled patients available were used for further methodological 
analysis. As shown in Table 2, the detection number of nasopharyngeal 
swabs, nasal swabs, oropharyngeal swabs and anal swabs collected at 
before washing in the morning were 26/47[65 %(95 % CI: 
49.51–77.87)], 23/47[57.5 %(95 % CI: 42.2–71.49)], 9/47[22.5 %(95 
% CI: 12.32–37.5)] and 1/47[2.5 %(95 % CI: 0.44–12.88)], respectively. 
The detection number of nasopharyngeal swabs, nasal swabs, oropha
ryngeal swabs and anal swabs collected at afternoon were 17/47[42.5 
(95 %CI:28.51–57.8)], 14/47[35(95 %CI:22.13–50.49)], 3/47[7.5(95 
%CI:2.58–19.86)] and 2/47[5(95 %CI:1.38–16.5)], respectively. 

Further statistical analysis results from the Fig. 2 demonstrated that 
there is no statistical significance between nasopharyngeal swabs and 
nasal swabs before washing in the morning or afternoon (p = 0.25 and 
0.375), respectively. To No.10, No.39 and No.48, the virus was only 
detected in nasopharyngeal swab before washing in the morning. To 
No.9, No.21, No.25 and No.48, the virus was only detected in naso
pharyngeal swab afternoon. There is statistical significance among 
nasopharyngeal swabs, oropharyngeal swabs and anal swabs before 
washing in the morning or afternoon (p < 0.001/p < 0.001, p < 0.001/p 
< 0.001), respectively. Statistical analysis performed on the same swab 
type collected before washing in the morning and afternoon show that 
there is statistical significance for nasopharyngeal swab and oropha
ryngeal swab (p = 0.035, p = 0.031) and there is no statistical signifi
cance for nasal swab and anal swab (p = 0.064, p = 1).To No.16, the 
virus was only detected in nasal swab. Ct value for nasopharyngeal / 
nasal swab, oropharyngeal swab and anal swab were 35.51 ± 1.29 vs 
36.76 ± 1.48, 35.39 ± 1.33 vs 36.38 ± 1.02, 36.90 ± 1.47 vs 37.36 ±
1.06 and 37.89 vs 37.03 ± 1.29 before washing in the morning and 
afternoon. Overall, data demonstrated that viral load in these patients 
was low at late infection stage. 

4. Discussion 

SARS-CoV-2 viral load in novel coronavirus patients gradual declines 
since onset of symptoms (Ai et al., 2020). Low SARS-CoV-2 viral load in 
novel coronavirus patients at late infection stage, especially, easily lead 
to false negative nucleic acid testing results, thus having great chal
lenges to current detection method. Appropriate specimens would be 
one key factor for improving current detection ratio of SARS-CoV-2. 

In this study, we first statistically analyzed the age distribution of 
those patients. Results showed that the average age of 47 patients was 
53.45 ± 12.08, which was consistent with most of the current reports 
(Wang et al., 2020), indicating that the middle-aged and elderly were 
mainly targets attacked by novel coronavirus. The infected population of 
female patients occupy 53.19 % (95 % CI: 39.23–66.67), which show 
that female might be more likely to be infected. The average hospitali
zation time is basically the same as the disease condition (shown in 
Table 1 and Table S1). There are several points to be explained that some 
patients rejected to discharge from hospital because of worrying about 
prejudice and other reasons, which increase the hospitalization time. 
This may be a new social problem facing the treatment of novel coro
navirus patients at present. To sever patients, the scale of population is 
too small, which affects the accuracy of the results of this part of 
patients. 

Two consecutively negative RT-PCR test results in respiratory tract 
specimens are required for the evaluation of discharge from hospital. 
However, reports of false negative of RT-PCR detection in COVID-19 and 
discharged patient turning positive are increasing (Zhang et al., 2020; 
Winichakoon et al., 2020). Low SARS-CoV-2 viral load might be main 
reason (Zou et al., 2020). In addition, the specimen type selection have a 
significant impact on the accuracy of nucleic acid detection. Although it 
is reported that sputum specimens or bronchoalveolar lavage fluid 
specimens have a very high detection rate for novel coronavirus (Yang 
et al., 2020; Han et al., 2020), some patients are unable to carry out 
bronchoalveolar lavage or expectoration difficulties. At present, nasal 
swabs and oropharyngeal swabs have been widely used in clinical novel 

Table 1 
The clinical dada of patients in this study.  

Group Number [% (95 % CI)] Age + SD Hospitalization time +
SD 

Total 47 53.45 ±
12.08 

36.81 ± 3.16 

Common 32 [68.09 
(53.84− 79.61)] 

52 ± 11.44 36 ± 3 

Heavy 12 [25.53 
(15.25− 39.51)] 

51.25 ±
11.08 

39.08 ± 2.60 

Sever 3 [6.38 (2.19− 17.16)] 77.67 ± 7.11 36.33 ± 1.78 
Male 22 [46.81 

(33.33− 60.77)] 
54.32 ±
12.86 

36.18 ± 3.65 

Common 15 [68.18 
(47.32− 83.63)] 

53.67 ±
12.22 

35 ± 3.47 

Heavy 6 [27.27 (13.15− 48.15)] 51 ± 11.67 39.5 ± 3.25 
Sever 1 [4.55 (0.81− 21.8)] 84 ± 0 34 ± 0 
Female 25 [53.19 

(39.23− 66.67)] 
52.68 ±
11.40 

37.36 ± 2.72 

Common 17[68 (48.41− 82.79)] 50.53 ±
10.79 

36.88 ± 2.57 

Heavy 6[24 (11.5− 43.43)] 51.5 ± 10.5 38.67 ± 2.78 
Sever 2[8 (2.22− 24.97)] 74.5 ± 7.5 37.5 ± 1.5  

Fig. 1. Recovery index of patients in this study. 
Note: The recovery index = The patient’s hospitalization time on the day of 
testing /the patient’s whole hospitalization time. 
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coronavirus detection (Lin et al., 2020a; Yang et al., 2020). Anal swab 
had also been used as specimen for detection of virus (Chen et al., 
2020c). Few reports have systematically compared the detection rate of 
nasopharyngeal swabs, nasal swabs, oropharyngeal swab and anal 
swabs for novel coronavirus patients in late infection stage. Based on our 
results (Fig. 2), the detection ratio of nasopharyngeal is higher than 
nasal swab but there is no significant difference between them, 
oropharyngeal swab is the second, and the anal swab is the lowest. These 
are consistent with the current literature reports (Lin et al., 2020a). 
Based on our clinical testing experience, for initial screening or moni
toring of diagnosed patients, we prefer nasopharyngeal swab or solo 
nasal swab. For patients who could not be diagnosed by multiple times 
or waiting for discharge after a negative nucleic acid test, the collection 
of different specimen types including oropharyngeal swab and anal 
swab might prevent missed detection and reduce the probability that 
patients turn positive again after discharge. 

Few studies pay attention to the effect of specimen collection time on 
the detection rate of novel coronavirus. Through our study, we found the 
detection rate of nasopharyngeal swab, nasal swab and oropharyngeal 
swab were the higher before washing in the morning. This may be 
because the load of virus for patients at late infection stage was low. 
Meanwhile, the human body is in a resting state at night, and the virus 
propagates or falls off in the nasal cavity or oral mucosa, so the detection 
rate is higher in the morning. During the day, individual activities may 
affect the local accumulation of the virus, so the virus detection rate of 
patients in the afternoon is relatively low. Especially for oropharyngeal 
swab, the related inhibitory components are accumulating, so the 
detection rate of oropharyngeal swab collected in the afternoon is lower 
obviously than other specimens. This may be one of the reasons why 
there is a significant difference in the detection rate of nasopharyngeal 
swabs between before washing in the morning and afternoon. As 

mentioned above, many reports pointed out that nasal or oropharyngeal 
swab testing lead to false negative (Ai et al., 2020; Zhang et al., 2020). 
The false negative results of virus detection might be reduced through 
changing collection time based on our results. 

There are some shortcomings in this study. Firstly, initial patients 
were not included. Then the number of patients in this study is too small, 
which needs to be verified by increasing specimen scales. Otherwise, 
whether the detection of an RT-PCR sample with CT value above 35 
implies the individual is infectious at this stage should be tested in 
future. 

5. Conclusions 

In summary, our research discovers that the detection rate of virus 
before washing in the morning is higher. Nasopharyngeal swabs and 
nasal swabs are more suitable for general screening of large-scale 
specimens. Our results might be of significance for improving the posi
tive detection rate of COVID-19 infection patients at late infection stage 
as well as in initial screening. 
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Table 2 
Comparison of detection ratio based on different swab type collected between before washing in the morning and afternoon.  

Swab type 

Before washing in the morning p-value Afternoon 

Detection p-value  Detection p-value 

No. % Ratio (95 % CI:)   No. % Ratio (95 % CI:)  

Nasopharyngeal 26 65 (49.51− 77.87)  0.035 17 42.5 (28.51− 57.8)  
Nasal 23 57.5(42.2− 71.49) 0.25 0.064 14 35(22.13− 50.49) 0.375 
Oropharyngeal 9 22.5(12.32− 37.5) <0.001 0.031 3 7.5(2.58− 19.86) <0.001 
Anal 1 2.5(0.44− 12.88) <0.001 1 2 5(1.38− 16.5) <0.001  

Fig. 2. Ct value for different swab specimens collected before washing in the 
morning and afternoon. 
Note: Morning and afternoon show swab specimen were collected before 
washing in the morning and afternoon. 
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