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Objective: This study investigates the association between convalescent plasma
therapy and the negative conversion rate in patients with persistent COVID-19
test positivity.

Method: A retrospective analysis was conducted on patients with severe or mild
to moderate COVID-19 whose viral nucleic acid tests remained positive for over
30 days. Patients were categorized into two groups: those who administered
convalescent plasma therapy and those who were not. Data collected included
information on therapy strategies used (convalescent plasma, corticosteroids,
interferons, etc.), patients’ demographic characteristics, comorbidities,
therapeutic medications, and nucleic acid testing results. Patients in the
convalescent plasma therapy group were matched 1:2 ratio with those in the
non-convalescent plasma therapy group. Cumulative negative conversion rates
on the fifth, tenth, and fifteenth days post-therapy initiation were analyzed as
dependent variables. Independent variables included therapy strategies,
demographic characteristics, comorbidities, and therapeutic medication
usage. Univariate analysis was conducted, and factors with a p-value (P) less
than 0.2 were included in a paired Cox proportional hazards model.

Results: There was no statistically significant difference in the cumulative
negative conversion rate between the convalescent plasma therapy group and
the non-convalescent plasma therapy group on the fifth, tenth, and fifteenth
days. Specifically, on day the fifth, the negative conversion rate was 41.46% in the
convalescent plasma therapy group compared to 34.15% in the non-
convalescent plasma therapy group (HR: 1.72, 95% CI: 0.82–3.61, P = 0.15).
On the tenth day, it was 63.41% in the convalescent plasma therapy group and
63.41% in the non-convalescent plasma therapy group (HR: 1.25, 95% CI:
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0.69~2.26, P = 0.46). On the fifteenth day, the negative conversion rate was 85.37%
in the convalescent plasma therapy group and 75.61% in the non-convalescent
plasma therapy group (HR: 1.19, 95% CI: 0.71–1.97, P = 0.51).

Conclusion:Our finding does not support the hypothesis that convalescent plasma
therapy could accelerate the time to negative conversion in patients who
consistently test positive for COVID-19.

KEYWORDS

novel coronavirus pneumonia, convalescent plasma therapy, COVID-19 nucleic acid
turned negative, negative conversion rate, retrospective analysis, multifactor analysis

1 Introduction

Coronavirus disease 2019 (COVID-19) is a severe atypical
respiratory infection first reported in Wuhan, China, in December
2019. COVID-19 is an infectious disease caused by the coronavirus
COVID-19, which can cause a variety of respiratory diseases, colds, fever,
and other symptoms, with a high infection rate, rapid mutation rate, low
blood oxygen in the human body (Ar Gouilh et al., 2018; Gattinoni et al.,
2021; Ochani et al., 2021; Rahman et al., 2021). The disease has rapidly
spread around the world, causing a great impact on the global economy
and serious damage to human health, resulting in millions of confirmed
cases and hundreds of thousands of deaths (Gavriatopoulou et al., 2021).

In the face of the sudden onset of COVID-19, clinicians have
adopted a variety of aggressive therapy strategies, including the use of
Chinese medicine, thymosin, interferon, and convalescent plasma
therapy (Dai et al., 2020; Chen et al., 2021; Huang et al., 2021;
Smith et al., 2022; Bellet et al., 2023). Convalescent plasma therapy
is an important means of therapy that has many benefits for patients,
can effectively shorten the discharge time and improve the symptoms of
patients (Janiaud et al., 2021). In the previous outbreak of severe acute
respiratory syndrome (SARS) caused by SARS-CoV-1 coronavirus,
studies have shown that convalescent plasma therapy can effectively
shorten the course of disease, accelerate recovery, and reduce mortality
(Zhou X. et al., 2003; Berger et al., 2004; Cheng et al., 2005).

At present, there have been several clinical studies on convalescent
plasma therapy, and there have been some controversies. For example,
some studies have found that there is no significant correlation between
convalescent plasma therapy and the mortality of COVID-19 patients,
and the survival and discharge rates of patients in the convalescent
plasma therapy group and the non-convalescent plasma therapy group
are similar (RECOVERY Collaborative Group, 2021). However, one
study found that convalescent plasma therapy can effectively reduce the
mortality of patients (Liu Z, 2020), and another study has shown that
convalescent plasma therapy can improve the rate of negative
conversion in COVID-19 patients over 60 days (Duan et al., 2022;
Pan et al., 2022). Therefore, we conducted this study to investigate the
relationship between convalescent plasma therapy and the viral
clearance rate in patients with prolonged COVID-19 positivity.

2 Materials and methods

2.1 Research overview

This study included all patients with severe or mild to moderate
COVID-19 diagnosed in 2020 at Huo Shenshan Hospital and

Taikang Tongji Hospital in Wuhan, Hubei Province, China. It
has been reviewed and approved by the Medical Ethics
Committee of the Fifth Medical Center of the PLA General
Hospital (approval number: 2020075D).

2.2 Inclusion criteria

(1) Age >18 years old, gender unlimited; (2) All patients
included in the study met the diagnostic criteria for COVID-19
(Lin and Li, 2020); (3) Severe or mild to moderate cases, the
manifestations of fever and respiratory symptoms, imaging
findings of pneumonia; (4) Nucleic acid positive duration more
than 30 days; (5) Nucleic acid testing was performed every 1–3 days
after 30 days in all patients to determine whether the nucleic acid
turned negative; (6) COVID-19 detection is to extract nucleic acid
from specimens using an automatic nucleic acid extraction
instrument (KingFisher Flex, Thermo Company), collect purified
nucleic acid for real-time fluorescent RT-PCR detection, and the
period threshold (CT) value of 40 or greater is considered negative;
(7) All patients had blood routine and biochemical examination
records for 30 ± 3 days.

2.3 Exclusion criteria

(1) Patients with malignant tumors and malignant blood
diseases; (2) Acquired immune deficiency syndrome (AIDS)
patients; (3) Patients with liver failure or renal failure; (4)
Patients with incomplete clinical information (see “Section 2.5”)
(Lin and Li, 2020); (5) Other diseases that researchers believe may
affect this study, such as lupus erythematosus.

2.4 Standard for negative conversion

Refer to “Diagnosis and Therapy Protocol for COVID-19 (Trial
Fifth Revised Version)”, and negative nucleic acid tests of respiratory
pathogens were performed two consecutive times with a time
interval of 24 h or more.

2.5 Clinical Information collection

The following data were obtained from clinical records: (1)
demographic data (gender, age); (2) concomitant diseases (such as
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diabetes, hypertension, cardiovascular and cerebrovascular diseases,
respiratory diseases, chronic liver diseases, hematopoietic diseases,
etc.); (3) The status of therapeutic drugs; (4) nucleic acid test
negative time (see negative criteria); (5) 30 ± 3 days blood
routine and blood biochemical test results; (6) Other therapy
strategies.

2.6 Case matching method

The convalescent plasma therapy group and the non-
convalescent plasma therapy group were matched in ratio of 1:
2 by therapy time (date of convalescent plasma therapy minus date
of onset). The matching method was as follows: The convalescent
plasma therapy group was sorted according to the time interval
between onset and convalescent plasma therapy. Patients in the
convalescent plasma therapy group with the longest time interval
between the therapy date and the onset date were first selected, and
the patients with a negative conversion time longer than this interval

were chosen from the non-convalescent plasma therapy group, and
twice as many patients from the non-convalescent plasma therapy
group over this were randomly selected for matching. The remaining
patients entered the matching process with the second patient in the
convalescent plasma therapy group, and so on. Until the last patient
in the convalescent plasma therapy group was matched.

2.7 Statistical analysis

They were divided into two groups: the convalescent plasma
therapy group, which received convalescent plasma therapy, and the
non-convalescent plasma therapy group, which did not receive
convalescent plasma therapy. The baseline conditions of the two
groups were analyzed. mean ± SD was used to represent
measurement data when they met normality, and a T-test was
used for comparison between groups. When the measurement
data did not conform to normality, the median (IQR) was used,
and the Wilcoxon rank sum test was applied for inter-group

FIGURE 1
The process of case matching.
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TABLE 1 Baseline data of patients treated with and without therapeutic convalescent plasma (N = 123).

Trail Convalescent plasma therapy group
(N = 41)

Non-convalescent plasma therapy group
(N = 82)

P value

Age 57 (51, 69) 62 (51, 68) 0.18

Sex (n, %) 0.42

Male 33 (40.24%) 22 (53.66%)

Female 49 (59.76%) 19 (46.34%)

Severe or mild to
moderate

0.99

Severe 16 (26.23%) 45 (73.77%)

Mild to moderate 16 (26.23%) 45 (73.77%)

Fever (n, %) 64 (78.50%) 28 (68.29%) 0.24

Clearance time (n, %) 55.6 (48.0, 63.0) 57.0 (47.0, 60.0) 0.68

Blood routine examination

WBC (109/L) 5.5 (4.5, 7.0) 5.7 (4.4, 7.1) 0.95

RBC (1012/L) 3.8 ± 0.6 3.8 ± 0.6 0.76

HGB (g/L) 116.5 ± 17.0 118.1 ± 20.1 0.65

PLT (109/L) 228.6 ± 68.3 196.8 ± 62.5 0.01

NE (109/L) 3.3 (2.6, 4.0) 3.4 (2.5, 4.6) 0.81

LYM (109/L) 1.5 (1.1, 1.9) 1.5 (1.1, 2.0) 0.81

MON (109/L) 0.5 (0.3, 0.6) 0.4 (0.3, 0.6) 0.86

Blood biochemical examination

ALT (IU/L) 18.4 (11.9, 34.2) 20.9 (13.4, 40.4) 0.42

AST (IU/L) 18.2 (14.3, 23.0) 18 (14.4, 24.8) 0.85

TP (g/L) 65.4 (62.2, 71.0) 65.9 (61.3, 68.7) 0.66

ALB (g/L) 37.7 (35.0, 40.3) 38.0 (36.2, 39.2) 0.99

GLO (g/L) 27.3 (25.2, 30.5) 28 (24.9, 30.4) 0.54

A/G 1.4 ± 0.2 1.4 ± 0.3 0.29

EOS (109/L) 0.2 (0.02, 0.85) 0.2 (0.01, 0.6) 0.91

BASO (109/L) 0.03 (0.01, 0.12) 0.03 (0.01, 0.05) 0.97

LDH (IU/L) 186.2 (107.0, 325.9) 218.0 (118.9, 637.9) 0.89

CK (IU/L) 61.6 (11.8, 316.8) 57.5 (12.7, 133.7) 0.95

BUN (mg/dL) 4.8 (1.7, 12.7) 4.9 (2.0, 12.3) 0.87

TBIL (umol/L) 9.7 (8.2, 12.9) 9.7 (8.0, 13.5) 0.82

DBIL (umol/L) 2.9 (2.3, 3.4) 3.5 (2.6, 4.9) 0.07

BUN (mmol/L) 4.2 (3.5, 5.2) 4.3 (3.9, 5.5) 0.44

CR (umol/L) 58.6 (51.2, 72.1) 62.0 (52.5, 74.3) 0.48

ALP (IU/L) 68.3 (57.9, 82.7) 70.3 (58.8, 81.6) 0.51

GGT (IU/L) 26.5 (17.1, 49.8) 26.1 (19.5, 49.8) 0.57

Concomitant disease (n, %)

Hypertension 27 (32.93%) 16 (39.02%) 0.51

(Continued on following page)
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comparison. The patients were grouped according to whether they
turned negative on the fifth day, tenth day, or fifteenth day after
receiving convalescent plasma therapy, and univariate analysis was
conducted to explore the relationship between the respective
variables and the dependent variables under univariate conditions
and to provide a basis for the selection of independent variables. The
statistical analysis method is the same as above. With whether or not
the nucleic acid turned negative on the fifth day, tenth day, and
fifteenth day as the dependent variable, variables with P < 0.20 in the
above univariate analysis were selected as independent variables.
The Cox proportional risk model was used to analyze the
relationship between convalescent plasma therapy and nucleic
acid turning negative after adjusting for the influence of other
independent variables. All the above statistical analysis processes
were completed based on SAS 9.4, and both were adopted by a two-
sided test (α = 0.05).

3 Result

The initial sample size was 3,000 patients. After excluding the
patients without 30 ± 3 days of routine blood and biochemical
examination records and the therapy time was less than 30 days, a
total of 232 patients meeting the inclusion criteria were enrolled in
the study. Excluding tumor patients and 12 patients with inaccurate
specific onset time, 219 patients met the requirements of this study,
of which 41 patients received convalescent plasma therapy. After 1:
2 matching, 123 patients were finally included, including 41 patients
in the convalescent plasma therapy group and 82 patients in the
non-convalescent plasma therapy group (see Figure 1).

3.1 Baseline data of patients in the
convalescent plasma therapy group and
non-convalescent plasma therapy group

The results showed that there were significant differences in
platelet (PLT, P = 0.01), diabetes (P = 0.003), cardiovascular and
cerebrovascular diseases (P = 0.04), interferon use (INF, P = 0.009),
and glucocorticoid therapy (P = 0.03) between the two groups,
suggesting that the baseline of the two groups was unbalanced
(see Table 1).

3.2 Univariate analysis related to negative
nucleic acid transformation on the fifth day,
tenth day, and fifteenth day

The results showed that when the fifth-day cumulative
conversion rate was used as the dependent variable, the
independent variables with P < 0.20 were neutrophil (NE, P =
0.17), Glutamic-pyruvic transaminase (ALT, P = 0.19), Glutamic
oxalacetic transaminase (AST, P = 0.07) and cardiovascular and
cerebrovascular diseases (P = 0.11). When the tenth day cumulative
conversion rate was used as the dependent variable, the independent
variables with P < 0.20 were sex (P = 0.14), hemoglobin (HGB, P =
0.19), Glutamic-pyruvic transaminase (ALT, P = 0.11) and the ratio
of albumin to globulin (A/G, P = 0.17). On the fifteenth day, when
cumulative conversion rate was a factor variable, the self-variability
of P < 0.20 was HGB (P = 0.18) and direct bilirubin (DBIL, P = 0.17)
(see Table 2).

3.3 Multi-factor analysis related to negative
nucleic acid transformation on the fifth day,
tenth day, and fifteenth day

The Cox proportional risk model was applied to stratify the
matched groups, with cumulative conversion rate on the fifth day as
the dependent variable, and indexes with P < 0.20 in Table 2,
including NE, ALT, AST, cardiovascular and cerebrovascular
diseases, as the adjusting variables. There was no statistical
significance between the convalescent plasma therapy group and
the non-convalescent plasma therapy group (HR: 1.72, 95% CI:
0.82–3.61, P = 0.15). With the cumulative conversion rate on the
tenth day as the dependent variable and the indexes with P < 0.20 in
the results in Table 2, including HGB, ALT, A/G, and gender as the
adjusting variables, there was no significant statistical significance
between the convalescent plasma therapy group and the non-
convalescent plasma therapy group (HR: 1.25, 95% CI: 0.69–2.26,
P = 0.46); With the cumulative conversion rate on the fifteenth day
as the dependent variable and the indexes with P < 0.20 in the results
of Table 2, including HGB and DBIL as the adjusted variables, there
was no significant statistical significance between the convalescent
plasma therapy group and the non-convalescent plasma therapy
group (HR: 1.19, 95% CI: 0.72–1.97, P = 0.51) (see Table 3).

TABLE 1 (Continued) Baseline data of patients treated with and without therapeutic convalescent plasma (N = 123).

Trail Convalescent plasma therapy group
(N = 41)

Non-convalescent plasma therapy group
(N = 82)

P value

Diabetic 6 (7.41%) 11 (26.83%) 0.003

Cardiovascular disease 7 (8.54%) 9 (21.95%) 0.04

Therapeutic strategy (n, %)

Thymosin 41 (50.00%) 24 (58.54%) 0.37

INF 3 (3.75%) 7 (8.40%) 0.33

Glucocorticoid 13 (15.85%) 13 (33.33%) 0.03

WBC, white blood cell count; RBC, red blood cell count; HGB, hemoglobin; PLT, platelet count; NE, neutrophil count; LYM, lymphocyte count; MON, monocyte count; ALT, alanine

aminotransferase; AST, aspartate aminotransferase; TP, total protein; ALB, albumin; GLO, globulin; A/G, Albumin/Globulin Ratio; EOS, eosinophil count; BASO, basophil count; LDH, lactate

dehydrogenase; CK, creatine kinase; BUN, blood urea nitrogen; TBIL, total bilirubin; DBIL, direct bilirubin; CR, creatinine; ALP, alkaline phosphatase; GGT, Gamma-Glutamyl Transferase.
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TABLE 2 Univariate analysis of negative transformation on the fifth day, tenth day, and fifteenth day.

Fifth day Tenth day Fifteenth day

Trait Non-negative
conversion (N = 82)

Negative
conversion
(N = 41)

P
value

Non-negative
conversion (N = 82)

Negative
conversion
(N = 41)

P
value

Non-negative
conversion (N = 82)

Negative
conversion
(N = 41)

P
value

Age 63 (51, 69) 63 (55, 69) 0.60 63 (49, 69) 62 (54, 69) 0.75 66.5 (52, 70) 61 (51, 69) 0.54

Sex (n, %) 0.42 0.14 0.54

Male 37 (47.44%) 18 (40.00%) 24 (53.33%) 31 (39.74%) 13 (50.00%) 42 (43.30%)

Female 41 (52.56%) 27 (60.00%) 21 (46.67%) 47 (60.26%) 13 (50.00%) 55 (56.70%)

Fever (n, %) 64 (78.50%) 28 (68.29%) 0.24 31 (68.89%) 61 (78.21%) 0.25 18 (69.23%) 74 (76.29%) 0.46

Blood routine examination

WBC (109/L) 5.5 (4.5, 7) 5.7 (4.4, 7.1) 0.95 5.6 (4.0, 5.7) 5.6 (4.5, 7.1) 0.89 5.7 (4.5, 7.2) 5.6 (4.5, 7.0) 0.76

RBC (1,012/L) 3.8 ± 0.6 3.8 ± 0.5 0.80 3.9 ± 0.6 3.8 ± 0.6 0.48 3.9 ± 0.6 3.8 ± 0.6 0.48

HGB (g/L) 117.2 ± 19.1 116.7 ± 16.3 0.89 119.8 ± 17.4 115.4 ± 18.3 0.19 121.3 ± 18.4 115.9 ± 17.8 0.18

PLT (109/L) 217.8 ± 68.7 218.3 ± 67.1 0.97 209.3 ± 74.3 223.0 ± 63.8 0.28 216.0 ± 77.2 218.6 ± 65.5 0.86

NE (109/L) 3.3 (2.4, 4.2) 3.4 (2.9, 4.5) 0.17 3.2 (2.2, 4.0) 3.4 (2.6, 4.5) 0.24 3.2 (2.4, 4.2) 3.4 (2.6, 4.3) 0.67

LYM (109/L) 1.6 (1.1, 1.9) 1.5 (1.1, 2.3) 0.90 1.7 (1.3, 1.9) 1.4 (1.1, 2.0) 0.28 1.6 (1.3, 1.9) 1.5 (1.1, 2.0) 0.66

MON (109/L) 0.4 (0.3, 0.6) 0.5 (0.4, 0.6) 0.33 0.4 (0.3, 0.5) 0.5 (0.4, 0.6) 0.26 0.4 (0.3, 0.6) 0.5 (0.4, 0.6) 0.44

Blood biochemical examination

ALT (IU/L) 18.4 (12.1, 37.0) 15.9 (11.7, 30.7) 0.19 27.3 (13.4, 8.0) 16.7 (11.4, 32.4) 0.11 29.2 (12.3, 38.6) 17.6 (12.3, 38.6) 0.30

AST (IU/L) 18.6 (15.2, 25.0) 16.7 (13.5, 22.4) 0.07 18.7 (15.2, 25.0) 17.5 (1,400, 23.5) 0.28 20.8 (14.5, 26.4) 18.0 (14.3, 3.2) 0.40

TP (109/L) 66.0 ± 6.9 65.7 ± 5.1 0.79 65.7 ± 5.9 66.0 ± 6.5 0.80 65.7 ± 5.9 66.0 ± 6.4 0.88

ALB (109/L) 37.6 ± 4.4 37.6 ± 3.1 0.97 37.9 ± 3.9 37.4 ± 4.0 0.46 37.3 ± 4.0 37.6 ± 4.0 0.64

GLO (109/L) 28.0 (25.2, 30.5) 27.1 (24.9, 30.4) 0.49 27.3 (25.2, 30.1) 27.5 (25.0, 31.6) 0.54 27.6 (25.5, 29.2) 27.5 (24.9, 30.5) 0.86

A/G 1.4 ± 0.3 1.4 ± 0.3 0.51 1.4 (1.3, 1.6) 1.4 (1.2, 1.5) 0.17 1.4 ± 0.3 13.7 ± 0.2 0.98

EOS (109/L) 0.2 (0.04, 0.4) 0.2 (0.01, 0.6) 0.58 0.2 (0.04, 0.9) 0.2 (0.01, 0.6) 0.64 0.2 (0.04, 0.9) 0.2 (0.01, 0.6) 0.69

BASO (109/L) 0.03 (0.01, 0.1) 0.03 (0.01, 0.05) 0.68 0.03 (0.01, 0.1) 0.03 (0.01, 0.05) 0.69 0.03 (0.01, 0.1) 0.03 (0.01, 0.05) 0.72

LDH (IU/L) 183.3 (120.1, 325.0) 218.6 (118.9, 493.8) 0.78 186.7 (120.1, 325.0) 218.6 (118.9, 493.8) 0.77 186.7 (120.1, 325.0) 217.9 (118.9, 637.9) 0.97

CK (IU/L) 63.2 (19.1, 316.8) 57.3 (12.7, 133.7) 0.91 61.5 (11.8, 316.8) 57.3 (12.7, 316.8) 0.89 61.5 (11.8, 316.8) 56.7 (12.7, 133.7) 0.87
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TABLE 2 (Continued) Univariate analysis of negative transformation on the fifth day, tenth day, and fifteenth day.

Fifth day Tenth day Fifteenth day

Trait Non-negative
conversion (N = 82)

Negative
conversion
(N = 41)

P
value

Non-negative
conversion (N = 82)

Negative
conversion
(N = 41)

P
value

Non-negative
conversion (N = 82)

Negative
conversion
(N = 41)

P
value

BUN (mg/dL) 4.5 (2.63, 5.85) 4.7 (4.1, 8.5) 0.88 4.5 (2.6, 5.9) 4.7 (3.4, 8.5) 0.65 4.5 (2.6, 10.5) 4.8 (3.4, 8.5) 0.88

TBIL (umol/L) 9.8 (8.1, 12.9) 9.4 (8.0, 13.5) 0.99 9.6 (8.1, 12.6) 9.7 (8.0, 13.5) 0.99 10.6 (8.6, 12.6) 9.5 (8.0, 13.4) 0.55

DBIL (umol/L) 3.2 (2.4, 4.2) 3 (2.5, 4.5) 0.86 3.3 (2.4, 4.2) 3.0 (2.5, 4.3) 0.43 3.6 (2.5, 4.6) 3.0 (2.3, 3.9) 0.17

BUN (umol/L) 4.4 (3.8, 5.5) 4.06 (3.5, 5.1) 0.22 4.3 (3.9, 5.5) 4.3 (3.7, 5.2) 0.62 4.6 (3.9, 5.9) 4.3 (3.7, 5.2) 0.25

CR (umol/L) 60.4 (51.2, 73.3) 58.7 (52.5, 70.1) 0.51 59.4 (52.1, 76.7) 60.4 (51.3, 72.5) 0.82 59.2 (51.2, 81.3) 60.3 (51.4, 72.5) 0.58

ALP (IU/L) 70.0 (57.9, 91.9) 68.6 (58.8, 79.6) 0.53 69.6 (54.4, 85.1) 68.7 (58.0, 81.6) 0.87 70.6 (54.4, 81.9) 68.8 (58.0, 82.7) 0.85

GGT (IU/L) 28.0 (19, 47.4) 24.9 (17.8, 53.8) 0.83 27.4 (16.2, 44.0) 25.6 (18.4, 53.7) 0.50 28.1 (16.2, 44.0) 25.6 (18.4, 53.7) 0.58

Concomitant disease (n, %)

Hypertension 28 (35.90%) 15 (33.33%) 0.77 13 (28.89%) 30 (38.45%) 0.28 9 (34.62%) 34 (35.05%) 0.97

Diabetes 11 (14.10%) 6 (16.64%) 0.94 5 (11.11%) 12 (15.58%) 0.49 3 (11.54%) 14 (14.58%) 0.99

Cardiovascular
Disease

13 (16.67%) 3 (6.67%) 0.11 7 (15.56%) 9 (11.54%) 0.52 4 (15.38%) 12 (12.37%) 0.74

Therapeutic strategy (n, %)

Thymosin 41 (51.28%) 25 (55.56%) 0.65 25 (55.56%) 40 (51.28%) 0.65 16 (61.54%) 49 (505.2%) 0.32

INF 16 (20.51%) 7 (15.56%) 0.50 9 (20.00%) 14 (17.95%) 0.78 5 (19.23%) 18 (18.54%) 0.99

Glucocorticoid 16 (21.05%) 10 (22.22%) 0.88 16 (21.05%) 10 (22.22%) 0.88 6 (23.08%) 20 (21.05%) 0.82

Convalescent
plasma

28 (62.22%) 17 (37.78%) 0.43 52 (66.67%) 26 (33.33%) 0.99 62 (63.92%) 35 (36.08%) 0.21
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3.4 Comparison of Kaplan-Meier curve of
negative conversion rate between the
two groups

The Kaplan-Meier curve of negative conversion rate between the
convalescent plasma therapy group and the non-convalescent
plasma therapy group showed that log-rank = 0.35, P =

0.56 cumulative conversion rate on the fifth day was taken as the
dependent variable. When the cumulative conversion rate on the
tenth day was taken as the dependent variable, log-rank = 0.00, P =
0.99; When the cumulative conversion rate on the fifteenth day was
taken as the dependent variable, log-rank = 0.59, P = 0.44. These
results showed that there was no statistical significance in Kaplan-
Meier negative conversion rate curves between the convalescent
plasma therapy group and the non-convalescent plasma therapy
group on day 5, day 10, and day 15 (see Figure 2).

4 Discussion

The COVID-19 pandemic represents one of the most significant
public crises in recent years. Determining the efficacy of
convalescent plasma therapy in converting consistently COVID-
19 positive patients to negative status is of paramount importance.
To address this issue, we conducted a retrospective analysis and
performed a cohort study on two groups of patients: those who
received convalescent plasma therapy and those who did not receive
convalescent plasma therapy. The convalescent plasma therapy
group and the non-convalescent plasma therapy group were
matched in 1:2 by therapy time (date of convalescent plasma
therapy minus date of onset). The matching method was as
follows: The convalescent plasma therapy group was sorted
according to the time interval between onset and convalescent
plasma therapy. Patients in the convalescent plasma therapy
group with the longest time interval between the therapy date
and the onset date were first selected, and the patients with a
negative conversion time longer than this interval were chosen

TABLE 3 Multivariate Cox analysis of influencing factors related to the fifth
day, tenth day, and fifteenth day cumulative conversion rate.

Trait HR 95% CI P

Fifth day NE (109/L) 0.99 0.83–1.17 0.89

ALT (IU/L) 1.00 0.98–1.03 0.76

AST (IU/L) 1.00 0.93–1.07 0.94

Convalescent plasma 1.72 0.82–3.61 0.15

Cardiovascular Disease 0.31 0.08–1.22 0.09

Tenth day HGB (g/L) 1.00 0.98–1.02 0.95

ALT (IU/L) 0.99 0.98–1.01 0.28

A/G 0.45 0.10–2.10 0.31

SEX 0.90 0.46–1.77 0.76

Convalescent plasma 1.25 0.69–2.26 0.46

Fifteenth day HGB (g/L) 0.99 0.98–1.01 0.43

DBIL (umol/L) 1.02 0.83–1.24 0.88

Convalescent plasma 1.19 0.72–1.97 0.51

FIGURE 2
Kaplan-Meier curve of negative conversion rate in two groups.
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from the non-convalescent plasma therapy group, and twice as
many patients from the non-convalescent plasma therapy group
over this were randomly selected for matching. The remaining
patients entered the matching process with the second patient in
the convalescent plasma therapy group, and so on. Until the last
patient in the convalescent plasma therapy group was matched.
Initially, we performed univariate analysis on all independent
variables. Factors with a P < 0.20 from the univariate analysis
were then included in the Cox proportional hazards model for
multivariate analysis. The results showed that after adjusting for
other factors (NE, ALT, AST, cardiovascular and cerebrovascular
diseases), we still did not find a statistical difference between therapy
with convalescent plasma and therapy without convalescent plasma.

Our study does not support the association between
convalescent plasma therapy and acceleration of SARS-CoV-
2 conversion among COVID-19 patients with persistent
positive RT-PCR tests. During the 2002 outbreak of Severe
Acute Respiratory Syndrome (SARS), convalescent plasma
therapy was shown to significantly facilitate the conversion of
patients who continued to test positive for the SARS virus to
negative (Berger et al., 2004). Therefore, during the current
COVID-19 pandemic, many clinicians have also employed
convalescent plasma therapy to expedite viral clearance in
patients. Recent years have seen numerous randomized clinical
trials indicating that convalescent plasma therapy shows no
significant association with clinical outcomes (Discharge,
death, etc.) in patients with persistent positive COVID-19 test
results (Agarwal et al., 2020b; Li et al., 2020; AlQahtani et al.,
2021; Balcells et al., 2021; O’Donnell et al., 2021; Simonovich
et al., 2021; Iannizzi et al., 2023). This aligns with the findings in
the WHO COVID-19 Therapy Guidelines regarding
convalescent plasma therapy (Agarwal et al., 2020a). However,
these studies have not specifically investigated whether
convalescent plasma therapy is related to the transition to
negative test results in these patients. Our study further
supplemented the evidence, demonstrating that convalescent
plasma therapy is ineffective in accelerating viral clearance in
patients who remain persistently positive for COVID-19. This
finding is significant for the therapy of COVID-19 patients, as it
suggests that convalescent plasma may not effectively shorten the
recovery period or promote patient recuperation. We
recommend incorporating these findings into current therapy
protocols, which may lead clinicians to use convalescent plasma
prudently when treating patients with persistent COVID-19 test
positivity, not only to avoid the risk of donation from donors, but
also to reduce the risk of ineffective therapy for patients.

Previous research on convalescent plasma therapy for COVID-
19 has highlighted its potential benefits and limitations, warranting
further investigation into its clinical efficacy and safety. Some studies
have shown that administering convalescent plasma from recovered
patients to severely ill individuals can rapidly provide
immunoglobulins, allowing for timely therapy and potentially
becoming an important therapeutic measure, especially for those
with compromised immunity (Ouyang et al., 2020; Senefeld et al.,
2023). Additionally, early-stage administration of convalescent
plasma therapy has been suggested to offer clear clinical benefits
due to the rapid viral replication and high viral load in patients (Sun
et al., 2020). Our data included both severe patients with COVID-19

and those with early-stage COVID-19 infection, but in neither
case did convalescent plasma therapy demonstrate a positive
effect on clinical outcomes. Moreover, convalescent plasma
therapy remains an “experimental therapy” in clinical practice
(Zeller et al., 2015). Its composition, which includes various
components, can lead to serious medical complications such as
allergic reactions in recipients (Shu et al., 2021; Wood et al., 2021;
Sullivan et al., 2022; Senefeld et al., 2023). Compared to small
molecule drugs, convalescent plasma therapy is less safe and lacks
sufficient clinical research (Chai et al., 2020). Therefore, extensive
prospective clinical trials are necessary to further explore its
efficacy and safety.

The advantage of this study is that we used data from Wuhan,
where all COVID-19 patients were systematically and centrally
isolated and treated, and comprehensive patient data were
obtained. Each patient was continuously observed until they
tested negative for nucleic acid and discharged, providing a
complete and continuous dataset from admission to discharge.
However, this study also has several limitations: 1) Although the
initial sample size was large, with over 3,000 cases, only 219 cases
met the study criteria, and after matching, only 123 cases were
included, making it a small retrospective cohort study; 2) Due to the
inherent limitations of retrospective studies, the measured factors
included in the analysis may not be complete, and some unknown
factors may lead to bias in the results.

5 Conclusion

This study does not support that convalescent plasma therapy is
associated with acceleration of negative conversion in COVID-19
patients with persistent positive RT-PCR tests.

Data availability statement

The original contributions presented in the study are included in
the article/Supplementary Material, further inquiries can be directed
to the corresponding authors.

Ethics statement

Ethical review and approval was obtained from the Medical
Ethics Committee of the Fifth Medical Center of the PLA General
Hospital (Approval number: 2020075D) for the study on human
participants in accordance with the local legislation and
institutional requirements. Written informed consent from the
patients/participants OR patients/participants legal guardian/
next of kin was not required to participate in this study in
accordance with the national legislation and the institutional
requirements.

Author contributions

YxW: Visualization, Validation, Supervision, Software,
Resources, Project administration, Methodology, Investigation,

Frontiers in Pharmacology frontiersin.org09

Wang et al. 10.3389/fphar.2024.1421516

https://www.frontiersin.org/journals/pharmacology
https://www.frontiersin.org
https://doi.org/10.3389/fphar.2024.1421516


Funding acquisition, Formal Analysis, Data curation,
Conceptualization, Writing–review and editing, Writing–original
draft. ZX: Writing–review and editing, Project administration,
Formal Analysis. XX: Writing–review and editing, Methodology,
Data curation. SY: Writing–review and editing, Software,
Investigation, Conceptualization. YL: Writing–review and editing,
Software, Investigation. HZ: Writing–review and editing,
Investigation, Conceptualization. YZ: Writing–review and editing,
Software, Data curation. FW: Writing–review and editing, Data
curation. YnW: Supervision, Writing–review and editing. JB:
Writing–review and editing, Supervision, Funding acquisition.

Funding

The author(s) declare that financial support was received for
the research, authorship, and/or publication of this article.
This study is funded by the National Key Research and

Development Program of China, China (project number:
2020YFC0860900).

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the authors and
do not necessarily represent those of their affiliated organizations, or
those of the publisher, the editors and the reviewers. Any product that
may be evaluated in this article, or claim that may be made by its
manufacturer, is not guaranteed or endorsed by the publisher.

References

Agarwal, A., Hunt, B., Stegemann, M., Rochwerg, B., Lamontagne, F., Siemieniuk, R.
A., et al. (2020a). A living WHO guideline on drugs for covid-19. BMJ Clin. Res. ed. 370,
m3379. doi:10.1136/bmj.m3379

Agarwal, A., Mukherjee, A., Kumar, G., Chatterjee, P., Bhatnagar, T., andMalhotra, P.
(2020b). Convalescent plasma in the management of moderate covid-19 in adults in
India: open label phase II multicentre randomised controlled trial (PLACID Trial).
BMJ (Clinical research ed.) 371, m3939. doi:10.1136/bmj.m3939

AlQahtani, M., Abdulrahman, A., Almadani, A., Alali, S. Y., Zamrooni, A. M. A.,
Hejab, A. H., et al. (2021). Randomized controlled trial of convalescent plasma therapy
against standard therapy in patients with severe COVID-19 disease. Sci. Rep. 11, 9927.
doi:10.1038/s41598-021-89444-5

Ar Gouilh, M., Puechmaille, S. J., Diancourt, L., Vandenbogaert, M., Serra-Cobo, J.,
Lopez Roïg, M., et al. (2018). SARS-CoV related Betacoronavirus and diverse
Alphacoronavirus members found in western old-world. Virology 517, 88–97.
doi:10.1016/j.virol.2018.01.014

Balcells, M. E., Rojas, L., Le Corre, N., Martínez-Valdebenito, C., Ceballos, M. E.,
Ferrés, M., et al. (2021). Early versus deferred anti-SARS-CoV-2 convalescent plasma in
patients admitted for COVID-19: a randomized phase II clinical trial. PLoS Med. 18 (3),
e1003415. doi:10.1371/journal.pmed.1003415

Bellet, M. M., Renga, G., Pariano, M., Stincardini, C., D’Onofrio, F., Goldstein, A. L.,
et al. (2023). COVID-19 and beyond: reassessing the role of thymosin alpha1 in lung
infections. Int. Immunopharmacol. 117, 109949. doi:10.1016/j.intimp.2023.109949

Berger, A., Drosten, C. h., Doerr, H. W., Stürmer, M., and Preiser, W. (2004). Severe
acute respiratory syndrome (SARS)--paradigm of an emerging viral infection. J. Clin.
virology 29 (1), 13–22. doi:10.1016/j.jcv.2003.09.011

Chai, K. L., Valk, S. J., Piechotta, V., Kimber, C., Monsef, I., Doree, C., et al. (2020).
Convalescent plasma or hyperimmune immunoglobulin for people with COVID-19: a
living systematic review. Cochrane database Syst. Rev. 10, CD013600. doi:10.1002/
14651858.CD013600.pub3

Chen, L. F., Yang, C. D., and Cheng, X. B. (2021). Anti-interferon autoantibodies in
adult-onset immunodeficiency syndrome and severe COVID-19 infection. Front.
Immunol. 12, 788368. doi:10.3389/fimmu.2021.788368

Cheng, Y., Wong, R., Soo, Y. O., Wong, W. S., Lee, C. K., Ng, M. H., et al. (2005). Use
of convalescent plasma therapy in SARS patients in Hong Kong. Eur. J. Clin. Microbiol.
Infect. Dis. 24 (1), 44–46. doi:10.1007/s10096-004-1271-9

Dai, Y. J., Wan, S. Y., Gong, S. S., Liu, J. C., Li, F., and Kou, J. P. (2020). Recent
advances of traditional Chinese medicine on the prevention and treatment of
COVID-19. Chin. J. Nat. Med. 18 (12), 881–889. doi:10.1016/S1875-5364(20)
60031-0

Duan, L., Xie, Y., Wang, Q., Sun, X., Guan, W., Xu, J., et al. (2022). Research on
antibody changes and nucleic acid clearance in COVID-19 patients treated with
convalescent plasma. Am. J. Transl. Res. 14 (4), 2655–2667.

Gattinoni, L., Gattarello, S., Steinberg, I., Busana, M., Palermo, P., Lazzari, S., et al.
(2021). COVID-19 pneumonia: pathophysiology and management. J. Eur. Respir. Soc.
30 (162), 210138. doi:10.1183/16000617.0138-2021

Gavriatopoulou, M., Ntanasis-Stathopoulos, I., Korompoki, E., Fotiou, D.,
Migkou, M., Tzanninis, I. G., et al. (2021). Emerging treatment strategies for

COVID-19 infection. Clin. Exp. Med. 21 (2), 167–179. doi:10.1007/s10238-020-
00671-y

Huang, K., Zhang, P., Zhang, Z., Youn, J. Y., Wang, C., Zhang, H., et al. (2021).
Traditional Chinese Medicine (TCM) in the treatment of COVID-19 and other viral
infections: efficacies and mechanisms. Pharmacol. Ther. 225, 107843. doi:10.1016/j.
pharmthera.2021.107843

Iannizzi, C., Chai, K. L., Piechotta, V., Valk, S. J., Kimber, C., Monsef, I., et al. (2023).
Convalescent plasma for people with COVID-19: a living systematic review. Cochrane
database Syst. Rev. 5 (5), CD013600. doi:10.1002/14651858.CD013600.pub6

Janiaud, P., Axfors, C., Schmitt, A. M., Gloy, V., Ebrahimi, F., Hepprich, M., et al.
(2021). Association of convalescent plasma treatment with clinical outcomes in patients
with COVID-19: a systematic review and meta-analysis. JAMA 325 (12), 1185–1195.
doi:10.1001/jama.2021.2747

Li, L., Zhang, W., Hu, Y., Tong, X., Zheng, S., Yang, J., et al. (2020). Effect of
convalescent plasma therapy on time to clinical improvement in patients with severe
and life-threatening COVID-19: a randomized clinical trial. JAMA 324 (5), 460–470.
doi:10.1001/jama.2020.10044

Lin, L., and Li, T. S. (2020). Interpretation of “Guidelines for the diagnosis and
treatment of novel coronavirus (2019-nCoV) infection by the national health
commission (trial version 5)”. Adv. online Publ. 100 (0), E001. doi:10.3760/cma.j.
issn.0376-2491.2020.0001

Liu, Z. (2020). Errors in trial of effect of convalescent plasma therapy on time to
clinical improvement in patients with severe and life-threatening COVID-19. JAMA
324 (5), 518–519. doi:10.1001/jama.2020.12607

Ochani, R., Asad, A., Yasmin, F., Shaikh, S., Khalid, H., Batra, S., et al. (2021).
COVID-19 pandemic: from origins to outcomes. A comprehensive review of viral
pathogenesis, clinical manifestations, diagnostic evaluation, and management. Le
infezioni Med. 29 (1), 20–36.

O’Donnell, M. R., Grinsztejn, B., Cummings, M. J., Justman, J. E., Lamb, M. R.,
Eckhardt, C. M., et al. (2021). A randomized double-blind controlled trial of
convalescent plasma in adults with severe COVID-19. J. Clin. investigation 131 (13),
e150646. doi:10.1172/JCI150646

Ouyang, J., Isnard, S., Lin, J., Fombuena, B., Peng, X., Routy, J. P., et al. (2020).
Convalescent plasma: the relay baton in the race for coronavirus disease 2019 treatment.
Front. Immunol. 11, 570063. doi:10.3389/fimmu.2020.570063

Pan, C., Chen, H., Xie, J., Huang, Y., Yang, Y., Du, B., et al. (2022). The efficiency of
convalescent plasma therapy in the management of critically ill patients infected with
COVID-19: a matched cohort study. Front. Med. 9, 822821. doi:10.3389/fmed.2022.
822821

Rahman, S., Montero, M. T. V., Rowe, K., Kirton, R., and Kunik, F., Jr (2021).
Epidemiology, pathogenesis, clinical presentations, diagnosis and treatment of COVID-
19: a review of current evidence. Expert Rev. Clin. Pharmacol. 14 (5), 601–621. doi:10.
1080/17512433.2021.1902303

RECOVERY Collaborative GroupAbbas, A., Abbas, F., Abbas, M., Abbasi, S., Abbass,
H., et al. (2021). Convalescent plasma in patients admitted to hospital with COVID-19
(RECOVERY): a randomised controlled, open-label, platform trial. Lancet London,
Engl. 397 (10289), 2049–2059. doi:10.1016/S0140-6736(21)00897-7

Frontiers in Pharmacology frontiersin.org10

Wang et al. 10.3389/fphar.2024.1421516

https://doi.org/10.1136/bmj.m3379
https://doi.org/10.1136/bmj.m3939
https://doi.org/10.1038/s41598-021-89444-5
https://doi.org/10.1016/j.virol.2018.01.014
https://doi.org/10.1371/journal.pmed.1003415
https://doi.org/10.1016/j.intimp.2023.109949
https://doi.org/10.1016/j.jcv.2003.09.011
https://doi.org/10.1002/14651858.CD013600.pub3
https://doi.org/10.1002/14651858.CD013600.pub3
https://doi.org/10.3389/fimmu.2021.788368
https://doi.org/10.1007/s10096-004-1271-9
https://doi.org/10.1016/S1875-5364(20)60031-0
https://doi.org/10.1016/S1875-5364(20)60031-0
https://doi.org/10.1183/16000617.0138-2021
https://doi.org/10.1007/s10238-020-00671-y
https://doi.org/10.1007/s10238-020-00671-y
https://doi.org/10.1016/j.pharmthera.2021.107843
https://doi.org/10.1016/j.pharmthera.2021.107843
https://doi.org/10.1002/14651858.CD013600.pub6
https://doi.org/10.1001/jama.2021.2747
https://doi.org/10.1001/jama.2020.10044
https://doi.org/10.3760/cma.j.issn.0376-2491.2020.0001
https://doi.org/10.3760/cma.j.issn.0376-2491.2020.0001
https://doi.org/10.1001/jama.2020.12607
https://doi.org/10.1172/JCI150646
https://doi.org/10.3389/fimmu.2020.570063
https://doi.org/10.3389/fmed.2022.822821
https://doi.org/10.3389/fmed.2022.822821
https://doi.org/10.1080/17512433.2021.1902303
https://doi.org/10.1080/17512433.2021.1902303
https://doi.org/10.1016/S0140-6736(21)00897-7
https://www.frontiersin.org/journals/pharmacology
https://www.frontiersin.org
https://doi.org/10.3389/fphar.2024.1421516


Senefeld, J. W., Franchini, M., Mengoli, C., Cruciani, M., Zani, M., Gorman, E. K.,
et al. (2023). COVID-19 convalescent plasma for the treatment of
immunocompromised patients: a systematic review and meta-analysis. JAMA Netw.
open 6 (1), e2250647. doi:10.1001/jamanetworkopen.2022.50647

Shu, Z., Wu, P., Qian, Q., Zhou, L., Du, D., Ding, M., et al. (2021). Effectiveness and
controversy of convalescent plasma therapy for coronavirus disease 2019 patients.
Infect. Dis. Immun. 2 (1), 49–54. doi:10.1097/ID9.0000000000000033

Simonovich, V. A., Burgos Pratx, L. D., Scibona, P., Beruto, M. V., Vallone, M.
G., Vázquez, C., et al. (2021). A randomized trial of convalescent plasma in covid-
19 severe pneumonia. N. Engl. J. Med. 384 (7), 619–629. doi:10.1056/
NEJMoa2031304

Smith, N., Possémé, C., Bondet, V., Sugrue, J., Townsend, L., Charbit, B., et al. (2022).
Defective activation and regulation of type I interferon immunity is associated with
increasing COVID-19 severity. Nat. Commun. 13 (1), 7254. doi:10.1038/s41467-022-
34895-1

Sullivan, D. J., Gebo, K. A., Shoham, S., Bloch, E. M., Lau, B., Shenoy, A. G., et al.
(2022). Early outpatient treatment for covid-19 with convalescent plasma. N. Engl.
J. Med. 386 (18), 1700–1711. doi:10.1056/NEJMoa2119657

Sun, J., Ye, F., Wu, A., Yang, R., Pan, M., Sheng, J., et al. (2020). Comparative
transcriptome analysis reveals the intensive early stage responses of host cells to SARS-
CoV-2 infection. Front. Microbiol. 11, 593857. doi:10.3389/fmicb.2020.593857

Wood, E. M., Estcourt, L. J., and McQuilten, Z. K. (2021). How should we use
convalescent plasma therapies for the management of COVID-19? Blood 137 (12),
1573–1581. doi:10.1182/blood.2020008903

Zeller, M. P., Al-Habsi, K. S., Golder, M.,Walsh, G. M., and Sheffield,W. P. (2015). Plasma
and plasma Protein product transfusion: a Canadian blood services centre for innovation
symposium. Transfus. Med. Rev. 29 (3), 181–194. doi:10.1016/j.tmrv.2015.03.003

Zhou, X., Zhao, M., Wang, F., Jiang, T., Li, Y., Nie, W., et al. (2003). Characteristics of
the first batch of SARS patients and clinical diagnosis and treatment in Beijing. Chin.
Med. J. 12, 14–18.

Frontiers in Pharmacology frontiersin.org11

Wang et al. 10.3389/fphar.2024.1421516

https://doi.org/10.1001/jamanetworkopen.2022.50647
https://doi.org/10.1097/ID9.0000000000000033
https://doi.org/10.1056/NEJMoa2031304
https://doi.org/10.1056/NEJMoa2031304
https://doi.org/10.1038/s41467-022-34895-1
https://doi.org/10.1038/s41467-022-34895-1
https://doi.org/10.1056/NEJMoa2119657
https://doi.org/10.3389/fmicb.2020.593857
https://doi.org/10.1182/blood.2020008903
https://doi.org/10.1016/j.tmrv.2015.03.003
https://www.frontiersin.org/journals/pharmacology
https://www.frontiersin.org
https://doi.org/10.3389/fphar.2024.1421516

	The effect of convalescent plasma therapy on the rate of nucleic acid negative conversion in patients with persistent COVID ...
	1 Introduction
	2 Materials and methods
	2.1 Research overview
	2.2 Inclusion criteria
	2.3 Exclusion criteria
	2.4 Standard for negative conversion
	2.5 Clinical Information collection
	2.6 Case matching method
	2.7 Statistical analysis

	3 Result
	3.1 Baseline data of patients in the convalescent plasma therapy group and non-convalescent plasma therapy group
	3.2 Univariate analysis related to negative nucleic acid transformation on the fifth day, tenth day, and fifteenth day
	3.3 Multi-factor analysis related to negative nucleic acid transformation on the fifth day, tenth day, and fifteenth day
	3.4 Comparison of Kaplan-Meier curve of negative conversion rate between the two groups

	4 Discussion
	5 Conclusion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Conflict of interest
	Publisher’s note
	References


