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Although vaccine resources are being distributed worldwide, insufficient vaccine
production remains a major obstacle to herd immunity. In such an environment, the
cases of re-positive occurred frequently, and there is a big controversy regarding the
cause of re-positive episodes and the infectivity of re-positive cases. In this case-control
study, we tracked 39 patients diagnosed with COVID-19 from the Jiaodong Peninsula
area of China, of which 7 patients tested re-positive. We compared the sex distribution,
age, comorbidities, and clinical laboratory results between normal patients and re-positive
patients, and analysed the correlation between the significantly different indicators and the
re-positive. Re-positive patients displayed a lower level of serum creatinine (63.38 ± 4.94
U/L vs. 86.82 ± 16.98 U/L; P =0.014) and lower albumin (34.70 ± 5.46 g/L vs. 41.24 ±
5.44 g/L, P =0.039) at the time of initial diagnosis. In addition, two positive phases and the
middle negative phase in re-positive patients with significantly different eosinophil counts
(0.005 ± 0.005 × 109/L; 0.103 ± 0.033 × 109/L; 0.007 ± 0.115 × 109/L; Normal range:
0.02-0.52 × 109/L). The level of eosinophils in peripheral blood can be used as a marker to
predict re-positive in patients who once had COVID-19.
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INTRODUCTION

On 11 February 2020, the World Health Organization (WHO) officially named the emerging
infectious disease that broke out in Wuhan, China in December 2019 as coronavirus disease-19
(COVID-19). Subsequently, the aetiological agent was identified by the Coronavirus Study Group of
the International Committee on Taxonomy of Viruses, and the virus causing this severe respiratory
disease was named as severe acute respiratory syndrome coronavirus 2 (SARS-COV-2) (1). During
the next few months, COVID-19 rapidly spread worldwide to become the highest threat caused by a
pandemic. According to the latest statistics from the Johns Hopkins University, by August 16, 2020,
the total number of COVID-19 cases globally exceeds 21.48 million, with over 771,000 deaths (2).
The data is constantly updated with a rising infection and mortality rate reported. It is estimated
that the global pandemic would last until June 2021, with intermittent lockdowns considered the
‘new normal’ (3). Additionally, it is estimated that 250 million people would be infected and 1.75
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million deaths would occur worldwide by June 2021. Alarmingly,
variants of the SARS-CoV-2 strain have been found in many
countries around the world. However, there are still many
controversies regarding the relationship between infectivity,
pathogenicity, and the association between variation of the
novel strain and the recurrence of the disease in patients (re-
positive state). If the patient’s re-positive state cannot be
effectively controlled, the prevention and control of the global
pandemic and the allocation of medical resources will face
greater stress for an unpredictable duration. In addition,
clinicians and scholars are now concerned whether COVID-19
will become a refractory chronic disease due to the patient’s
repeated re-positive episodes.

Since the outbreak of the disease, many research articles on
clinical cases have focused on epidemiology, clinical features,
laboratory examination, and imaging features, to promote the
development of diagnosis and treatment of clinical patients. The
criteria for Chinese COVID-19 patients to be cured and discharged
include recoveredofbody temperature, improvement of respiratory
symptoms, improvement of lesions by radiological examination,
and negative viral nucleic acid test of respiratory specimens for two
consecutive tests (4). However, it is worth noting that since
February 2020, re-positive cases have been reported in succession
(5–9). Especially at a time when vaccines are being distributed and
administered quickly, there are cases of patients reactivating.
Patients are defined re-positive if they meet the discharge criteria
and show positive viral nucleic acid test results from pharyngeal
swabs or rectal swab samples, during a continuous review after
discharge. The appearance of these cases has attracted a lot of
attention, as it is presently unknown whether returning re-positive
patients can transmit the virus. In addition, there is no clinical and
experimental data to determine whether the cause of a patient’s re-
positive state is a false negative test result or virus re-positive or
re-infection.

In this study, a total of 39 COVID-19 patients in Qingdao were
retrospectively analysed, among which 7 patients developed a re-
positive state. We studied the differences in epidemiological
characteristics and clinical laboratory parameters, including blood
count and serum biochemical examination, between re-positive
patients and recovered patients, and at different phases of re-
positive patients. We founded that male over the age of 45 year
old appeared to account for a greater proportion of the re-positive
patients from the Jiaodong Peninsula area. Both creatinine and
eosinophils counts can be used as a marker to predict re-positive in
patients who once had COVID-19. We hope to comprehensively
summarize the significant characteristics of re-positive patients, to
provide a reliable theoretical basis for clinical prediction, treatment,
and effective control of re-positive episodes, and to provide a
breakthrough for further in-depth studies of the causes of re-
positive episodes and the mechanism of viral immunity.
MATERIALS AND METHODS

Study Design and Patients
This case-control study included 39 patients diagnosed with
COVID-19 admitted to The Affiliated Hospital of Qingdao
Frontiers in Immunology | www.frontiersin.org 2
University and Qingdao Chest Hospital from January 18 to
November 7, 2020. The diagnosis, clinical classification (mild,
medium, severe, and critical), and discharge criteria for patients
with COVID-19 pneumonia are based on the COVID-19
Prevention and Control Plan (7th edition) published by the
National Health Commission (3). Patients who met the required
standards and were allowed to leave the hospital, were
quarantined for 14 days as required, and were tested for SARS-
COV-2 nucleic acid in a timely manner. From these patients, re-
positive patients were admitted to the hospital again, and a
detailed routine blood and serum biochemical examination was
conducted, and their close contacts were isolated for observation.

Data Collection
The clinical records of 39 patients with COVID-19, including 7
re-positive patients, were reviewed. The clinical data obtained
during the patient’s hospitalization were collected from
electronic medical records by two trained researchers. We
collected clinical data including age, sex, symptoms,
comorbidities, laboratory test results, details of treatment, and
clinical outcomes. All clinical data were independently examined
and entered into the database by two investigators, and the final
review and evaluation of the input data was performed by a third
investigator. The patient’s clinical results were followed until
November 7, and patients had only one re-positive.

RT-PCR Test
Positive results of reverse transcription PCR (RT-PCR) assays
were used to confirm SARS-CoV-2 infection and define re-
positive patients. Deep nasal swab or throat swab samples were
collected, from which SARS-CoV-2 RNA was extracted. A SARS-
COV-2 nucleic acid detection kit was used, and RT-PCR
detection was performed according to manufacturer’s
instructions. The RT-PCR amplified the SARS-CoV-2 genome’s
open reading frame lab (ORF1ab) and nucleocapsid protein (N)
regions, and the cycle threshold value was determined according
to the manufacturer’s instructions. The details are as follows:
ORF1ab: forward, 5’-CCCTGTGGGTTTTACACTTAA-3’,
reverse,5’-ACGATTGTGCATCAGCTGA-3’ and Fluorescence,
5’-FAM-CCGTCTGCGGTATGTGGAAAGGTTATGG-BHQ1-
3’; N: forward, 5’-GGGGAACTTCTCCTGCTAGAAT-3’, reverse,
5’-CAGACATTTTGCTCTCAAGCTG-3’ and Fluorescence, 5’-
FAM-TTGCTGCTGCTTGACAGATT-TAMRA-3’. The results
of RT-PCR with no Ct value or a Ct value is 40 were reported as
negative, while those with a Ct value less than 37 were reported as
positive. When the Ct value is between 37 and 40, the result is
considered suspicious positive. In addition, any suspected positive
result was tested again. The sample is judged to be positive if the
repeat results Ct value is less than 40, and amplification curve has
obvious peaks, otherwise it is negative.

Statistical Analysis
Statistical analysis was performed using SPSS22.0 (IBM,
Chicago). Descriptive statistics were generated to characterize
the study population. Continuous variables were described as the
mean with standard deviation or median with interquartile
range. Univariable analysis between different groups was done
July 2021 | Volume 12 | Article 690653
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using Student’s t-test and Kolmogorov-Smirnov test. Paired
t-test was used to analyse the difference of clinical indicators of
re-positive patients in the case of RT-PCR negative test and
positive test, Next, factors with statistically significance (P<0.05)
were further analysed by ANOVA for single factor repeated
measurements followed by Bonferroni correction at different
stages, and verified by the logistic cubic curve regression model.
Results from the correlation are reported as p value. All reported
p values are two-sided.
RESULTS

Demographic and Epidemiological
Characteristics
A total of 39 patients diagnosed with COVID-19 were discharged
from the hospital between 29th January and 26th May, including 1
death, 5 severe cases, 21 non-severe cases, and 1 asymptomatic
case. The discharged patients were followed up with for check-up
for at least 14 days. As of June 9, 7 re-positive patients were
found, comprising 2 female (28.6%) and 5 male (71.4%) patients.
The mean age was 53.14 ± 21.65 years; 2 patients (28.6%) were
younger than 45 years, whereas 5 patients (71.4%) were older
than 45 years. In recovered patients who did not turn re-positive,
12 patients (37.5%) were male and 20 patients (62.5%) were
female. The mean age was 46.69 ± 18.36 years, where 15 patients
(46.9%) were younger than 45 years and 17 patients (53.1%) were
older than 45 years. There were no significant differences in age
(P =0.484) or sex distribution (P =0.205) between the re-positive
and recovered groups. Of these re-positive patients, 6 (85.7%)
had at least one comorbid condition listed in which
hypertension, hyperlipidaemia, diabetes, and chronic
bronchitis. History of sick contact was present in all patients.
During the initial diagnosis of COVID-19 in the re-positive
groups, there were 2 severe cases and 5 non-severe cases. The
date of onset of re-positive episodes ranged from January 27 to
March 6, 2020. The mean duration of the first RT-PCR positive
period duration was 13.67 (10-18) days, and the mean duration
of the subsequent RT-PCR negative period was 22.67 (6-47)
days. The mean duration of RT-PCR re-positive prior was 10.40
(2-18) days. In one patient, the symptoms during the re-positive
period were more severe than during the initial infection, but the
clinical examination showed that it might be associated with
bacterial infection. The symptoms of the other patients during
the re-positive period were milder than in their initial infection,
Frontiers in Immunology | www.frontiersin.org 3
or there were no visible clinical symptoms during the re-positive
period, except for the positive RT-PCR test results (Table 1).

Differences Between Re-Positive
and Recovered Patients
To study the differences between the re-positive patients and
recovered patients, we compared and analysed the routine blood
and serum biochemical indexes at admission, and found that the
creatinine levels of re-positive patients were significantly lower
than that of recovered patients (63.38 ± 4.94 U/L vs. 86.82 ±
16.98 U/L; P =0.014). Creatinine is a marker of kidney injury,
and viral infection can lead to increased creatinine levels. Lower
creatinine levels were observed in re-positive patients at the time
of initial diagnosis, which cannot be explained. However, these
results suggest that creatinine levels at the time of initial
diagnosis may be a potential indicator of developing re-positive
episodes in the future. Another indicator of a significant
difference was a lower level of serum albumin concentration in
patients with re-positive patients (34.70 ± 5.46 g/L vs. 41.24 ±
5.44 g/L, P =0.039) (Figure 1). In severe patients with
COVID-19, a variety of inflammatory indicators will be
increased. Some indicators have been reported in published
articles to assess the severity and predict the prognosis of
COVID-19 (10–13). In this study, we compared inflammatory
indicators, including C-reactive protein (CRP), white blood cell
count, neutrophil count, lymphocyte count, and Neutrophil-to-
lymphocytes ration (NLR), and the results show that there is no
significant difference in these indicators between the patients
who are re-positive and those who are not (Table 2).

For all demographic data, clinical characteristics and
laboratory findings in univariate analysis, we identified each
variable that showed and/or reached statistical significance
with p<0.05 between the patients who are re-positive and those
who are not. For Pearson correlation analyses, variables initially
entered the model included serum creatinine level and serum
albumin concentration. Results showed that serum creatinine
level was the only significant variable (p =0.014) and it can be
independently predicted for re-positive of COVID-19.

Characteristics of Clinical Indicators
in Re-Positive Patients
In order to describe the clinical laboratory characteristics of re-
positive patients at different stages and identify the clinical indicators
that can be associated with re-positive episodes, we analysed the
blood routine and serum biochemistry of re-positive patients.
TABLE 1 | Baseline characteristics of re-positive patients with COVID-19.

Characteristic Re-positive group (n = 7) recovered group (n = 32) Statistic p-Value

Male [(n,%)] 5 (71.43) 12 (37.50) X2 = 2.69 0.205

Age [year(�X ± s)] 53.14 ± 21.65 46.69 ± 18.36 t = 0.733 0.484

Comorbidities [(n,%)]
Cardiovascular disease 4 (57.14) 7 (21.88) X2 = 3.53 0.083
Diabetes 2 (28.57) 0 NA NA
Chronic bronchitis 1 (14.29) 0 NA NA
July
 2021 | Volume 12 | Article
Data are mean ± SD, n/N (%), where NA is the total number of patients with available data. Cardiovascular disease: hypertension, hyperlipidaemia, and coronary atherosclerotic cardiopathy.
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The results showed that eosinophil counts decreased significantly
to abnormal values during both the initial diagnosis and the re-
positive episode (0.005 ± 0.005 × 109/L; 0.103 ± 0.033 × 109/L;
0.007 ± 0.115 × 109/L; Normal range: 0.02-0.52 × 109/L). We
then analysed the difference in eosinophil counts in re-positive
patients at different stages (initial diagnosis, recurrent negative
stage, and recurrent positive stage), and found that a significant
difference existed between the recurrent negative stage and
the other two stages (P =0.002) (Figure 2). In addition, there
was no abnormal platelet counts in the three stages (166.17 ±
Frontiers in Immunology | www.frontiersin.org 4
20.84 × 1012/L: 267.00 ± 62.19 × 1012/L: 162.25 ± 23.82 × 1012/L),
but we found that the platelet count of re-positive patients in the
negative phase was significantly higher than that in the other two
phases (P =0.004). These findings suggest that platelet counts
and eosinophil counts appear to indicate the course of the
COVID-19 disease in patients, especially in re-positive patients
(Figure 3). Since the symptoms of the re-positive period were
milder than that of the initial diagnosis period, we specifically
compared the inflammatory indicators of the two periods and
found no significant difference (Table 3).
TABLE 2 | Comparison of laboratory indicators between re-positive and recovered group.

Variable category Re-positive group Recovered group Statistic p-Value

Organ functional indicators
Total protein

[g/L(�X ± s)]

60.70 ± 5.37 67.18 ± 7.30 t=1.663 0.112

Albumin*

[g/L(�X± s)]

34.70 ± 5.46 41.24 ± 5.44 t=2.190 0.039

Total bilirubin

[mmol/L(�X± s)]

10.73 ± 3.80 14.22 ± 5.47 t=1.205 0.242

Aspertate aminotransferase

[U/L(�X ± s)]

28.68 ± 12.50 28.74 ± 21.28 t=0.006 0.995

Alanine aminotransferase

[U/L(�X ± s)]

23.63 ± 5.10 31.89 ± 5.05 t=0.289 0.775

Serum urea

[mmol/L(�X ± s)]

4.85 ± 1.68 3.98 ± 0.95 t=-1.465 0.158

Serum creatinine*

[mmol/L(�X± s)]

63.38 ± 4.94 86.82 ± 16.97 t=2.693 0.014

Inflammation indicators
CRP [mg/L(IQR)] 21.80 (2.94-53.57) 26.91 (8.32-36.00) t=-0.373 0.717
White blood cell

[×109/L(�X± s)]

6.43 ± 1.84 5.42 ± 1.83 t=1.313 0.221

Neutrophil

[×109/L(�X± s)]

4.45 ± 1.68 3.37 ± 1.90 t=1.492 0.167

Lymphocyte

[×109/L(�X± s)]

1.44 ± 0.76 1.41 ± 0.75 t=0.100 0.922

NLR (IQR) 4.28 (1.52-6.22) 3.34 (1.65-3.84) t=0.626 0.548
J
uly 2021 | Volume 12 | Article
Data are mean ± SD, n/N (%), where NA is the total number of patients with available data. CRP, C-reactive protein; NLR, neutrophil-to-lymphocytes ration. *P < 0.05
A B

FIGURE 1 | The indicators of significant difference between patients with and without re-positive. Re-positive patients had lower serum creatinine concentrations (A)
and albumin concentrations (B) at the time of initial admission than did recovered patients. Yellow represents the re-positive patients, and blue represents the
recovered patients. All quantification graphs represent mean ± SD.
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We identified that eosinophil counts and platelet count showed
reached statistical significance with p<0.05 among the different
phases of re-positive patients. After one-way ANOVA analyses,
results showed that eosinophil counts (Figure 2B) and platelet
counts (Figure 3B) were significant variable which could indicate
the progression of patient’s course of COVID-19.
DISCUSSION

The outbreak of COVID-19 has caused a global crisis, as the
disease continues to spread with the number of cases increasing
rapidly. Despite the emergence of candidate vaccines (14), it
remains to be seen whether the vaccines can continue to
effectively protect the population from infection and prevent
re-positive episodes in the context of rapid viral mutations. In the
absence of specific drugs and natural immunity, the re-positive
Frontiers in Immunology | www.frontiersin.org 5
episodes of patients discharged from hospitals have a negative
impact on the treatment and control of the disease, and mental
health of the patients. Therefore, it is particularly important to
master the monitoring indices for the prediction of the rate of
recurrence in order to successfully determine the causes of the re-
positive episodes.

The patients tracked in this study were treated in accordance
with the guidelines followed during their first confirmed
hospitalization and were discharged after meeting the criteria.
After discharge, all patients were strictly quarantined and
observed, where re-positive patients were isolated from other
infected patients. Therefore, we excluded the cases of patients re-
infected with the virus, and selected six patients that were re-
positive after treatment of their first viral infection. Presently,
there is a lack of conclusive evidence on why patients have
developed re-positive episodes, however from existing reports,
we propose a few theories: (1) the virus may have an intermittent
A B

FIGURE 3 | Platelet counts in re-positive patients of COVID-19 at different phases. The platelet count of the patients with re-positive was lower than that of the
negative stage in the initial stage and the re-positive stage, and the difference was statistically significant. (A) Platelet count at different stages of the patients. The
X-axis represents the stage of the patient's course, which is segmented based on RT-PCR results, and the Y-axis is the value of the index. The red dots represent
the positive results of RT-PCR and the blue dots represent the negative results of RT-PCR. The values are the mean values. Data that is not shown is not available.
(B) Correlation between platelet count and RT-PCR results. R2 represents the degree of fit between the data points and the curve. The number on X-axis represents
four rounds of RT-PCR.
A B

FIGURE 2 | The indicators of significant difference between patients with and without re-positive. Re-positive patients had lower serum creatinine concentrations (A)
and albumin concentrations (B) at the time of initial admission than did recovered patients. Yellow represents the re-positive patients, and blue represents the
recovered patients. all quantification graphs represent mean ± SD.
July 2021 | Volume 12 | Article 690653
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dormancy period where the immune response and
corresponding clinical symptoms caused by the infection have
reduced, however the virus may continue to persist in patients,
leading to positive nucleic acid detection results. Studies have
shown that the median duration of the loss of SARS-CoV-2 from
patients was 20 days, where the shortest duration was 8 days and
the longest was 37 days when the virus could be detected in the
body of a deceased patient until the time of death (15). However,
another study observed that a COVID-19 patient displayed
pulmonary absorption one week after admission; however, the
throat swab test still yielded positive results. The patient tested
positive for the virus for 49 days, however, the test result was
negative on the 51st day after infection (16). The duration of re-
positive episodes in the patients tracked in our study ranged from
one week to one month, which may be related to the continuous
release of the virus from the lower respiratory tract. However, the
dormancy period and clearance characteristics of SARS-CoV-2
in the body of patients are still not fully understood. (2)
Insufficient course of drug treatment and incomplete viral
clearance: re-positive episodes may be due to the suppression
of viral replication due to drugs utilised during hospitalization
and insufficient or lower viral load during detection resulting in
false-negative results. However, the actual virus may not have
been completely cleared from the body. After discharge from the
hospital, a decreaseor suspensionof theuseofdrugsprescribedmay
lead to an increase in the proliferation of the virus, leading to a
positive nucleic acid test result. (3) Error in sample collection:Most
nucleic acids detected byRT-PCR assays are obtained fromnasal or
throat swab samples. The location from where the sample is
collected may be inaccurate, and the virus might not be captured
in the sample despite following the procedure. Factors such as
sample transportation, commissioning, and detection kits used also
influence the test results. A study involving 610 patientswith SARS-
CoV-2 infection reported a high proportion of false-negative RT-
PCR test results (16, 17). In our study, the six patients not only had
negative results twice in a row, but also showed no symptoms of
viral infection or signs of respiratory infection at the time of their
first discharge.At the second admission, therewere no symptomsas
their chest CT scans were normal, and laboratory test data of re-
admitted patients showed no significant differences compared to
data from their first diagnosis. Therefore, initial false-negative test
results have to be accounted for when studying re-positive cases
determined by RT-PCR.

It has been reported that the proportion of re-positive in
adolescents under 14 years of age is higher than the proportion
over the age of 14 years; patients with severe symptoms
during hospitalization were found to not develop re-positive
Frontiers in Immunology | www.frontiersin.org 6
episodes (17). However, in our follow-up case, there were 2 re-
positive patients with severe symptoms, and our study found that
there were no significant differences in age between re-positive
patients and recovered patients, which may indicate that the
likelihood of developing re-positive episodes is not closely
related to the severity of the condition at the first diagnosis or
age of the patients. In addition, studies have found that male
patients generally have higher infection and death rates than
female patients (18), which is believed to be due to the influence
of hormones, and the higher expression of the viral receptor,
angiotensin-converting enzyme 2 (ACE2) protein in males
(19). In addition, studies have reported that non-coding
RNA has an important regulatory role in cardiovascular
disease (20, 21). As a cardiovascular regulator, ACE2 may
play a potential role in the re-positive of COVID-19 and may
be regulated by non-coding RNA, which is worthy of further
development research. Our study found that there was no
significant difference in the number of male and female re-
positive patients, which may be because ACE2 does not play a
key role in developing re-positive episodes. It is worth noting that
due to the small number of cases selected in this study, and the
concentration of cases in the Jiaodong Peninsula region, this
study may only represent the characteristics of the re-positive
cases in this region.

We found that serum creatinine level is closely related to
whether patients will be re-positive or not. As a product of
muscle metabolism, serum creatinine is metabolized out of the
body through the kidney. Studies have found that the kidney’s
ability to clear creatinine decreases with aging (22). Even though
there were no significant differences in age and gender
distribution between the re-positive and non-repositive groups,
we found that male over the age of 45 appeared to account for a
greater proportion of the re-positive patients. Age-related
changes in creatinine levels, even if not out of the normal
range, seem to have the potential to be a sensitive early
predictor of the likelihood of re-positive. However, how does
the change of aging and creatinine affect re-positive, which still
needs more and more in-depth research to confirm and verify.

Eosinophils have powerful immune functions and are
thought to be associated with disorders such as asthma and
allergies. Studies have shown that severe respiratory syncytial
virus infection is closely related to the recruitment and
degranulation of eosinophils into the pulmonary parenchyma
(23, 24), playing a key role in promoting tissue damage and
bronchospasm. However, eosinophils are vital for immune
function, especially for developing immunity against viral
infections. Studies have confirmed that eosinophils have antiviral
TABLE 3 | Comparison of inflammatory indicators between re-positive phase and initial diagnosis phase.

Variable category Re-positive phase Initial diagnosis phase Statistic p-Value

CRP [mg/L(IQR)] NA 21.80 (2.94-53.57)

white blood cell [×109/L(X ± s)] 8.63 ± 4.29 6.43 ± 1.84 t=1.188 0.269

neutrophil [×109/L(X ± s)] 6.37 ± 4.40 4.45 ± 1.68 t=0.840 0.454

Lymphocyte [×109/L(X ± s)] 1.10 ± 0.81 1.44 ± 0.76 t=-0.713 0.494

NLR (IQR) 14.21 (1.97-33.92) 4.28 (1.52-6.22) t=1.416 0.190
July
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Data are mean±SD, n/N (%), where NA is the total number of patients with available data. CRP, C-reactive protein; NLR, Neutrophil-to-lymphocytes rations.
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activity against respiratory syncytial virus in vitro, and it has been
observed that eosinophil counts in the lungs are always elevated
before the onset of disease, regardless of the respiratory virus
initially inoculated (25). Studies have found that the percentage of
eosinophils in patients diagnosed with COVID-19 is abnormally
low, and by analysing the correlation of eosinophils, fever, and
pneumonia, it was found that COVID-19 and fever are negatively
correlated with the percentage of eosinophils, and the ratio of
eosinophils to neutrophils (26). In addition, it has been reported
that the duration of SARS-CoV-2 load is 3-14 days and eosinophil
counts continue to7-9days, and eosinophiliamaybean indicatorof
COVID-19 improvement (27). Existing studies have shown that
eosinophils are associated with poor prognosis, and there is
evidence that eosinophils are associated with acute respiratory
deterioration (28–30). Consistently, the ICU metastasis rate was
significantly higher in the eosinopenia group than in the non-
eosinopenia group (31). Moreover, eosinophil reduction has been
reported in patients with SARS-CoV-2 infection, which can be
improved when the viral load in patients is reduced (27, 32), and a
study have shown that the recovery of eosinophils has independent
prognostic value for the course of mild diseases (33). One study
tested the hypothesis that the decrease in eosinophilswas associated
with a malfunction of the innate immune response, and found that
the decrease in eosinophils was specific for COVID-19 (34). In
addition, a prospective observational study in France suggested that
eosinopenia could be used as an adjuvant index for patients with
suspected COVID-19, since it is more sensitive and specific than
lymphocytes (35), and another study reached the same conclusion
(36). In our study, we found that patients in the stages of initial
infection and re-positive episodes display significantly decreased
eosinophil counts. Consistent with previous research, this finding
suggests that eosinophil counts are a reliable indicator of re-positive
episodes, not only for the diagnosis and progression of COVID-19,
but also for the continuous monitoring of patients after discharge.

In addition, this study had several limitations, and the biggest
one is that sample size is too little, because there are only 7 re-
positive cases from a relatively limited area are included.
Secondly, because our research is retrospective, we have not
been able to detect the information of the virus sequence. As a
result, the comprehensive and in-depth research is necessary.
Further research needs to include as many re-positive patients as
possible in a wider area and need to detect virus sequence
accordingly, so that the diagnostic value of eosinophils for re-
positive patients can be more reliably confirmed, and it can also
help clinicians to analyse and grasp more comprehensively
characteristics of re-positive patients.
CONCLUSION

In this study, it was found that the age, sex, and severity of the
disease of patients at the time of initial diagnosis were not closely
related to recurrence of COVID-19, however, male older than 45
years with comorbidities account for a greater proportion of the
patients. There were significant differences in the creatinine
levels of re-positive patients and recovered patients at the time
Frontiers in Immunology | www.frontiersin.org 7
of initial diagnosis. Although the patients showed clinical
symptoms that were milder in the re-positive phase than in the
initial diagnosis phase, clinical laboratory test results showed no
significant difference in inflammatory indicators between the two
phases. Regarding the clinical characteristics of re-positive
patients, this study found that eosinophil counts decreased
significantly in both the initial diagnosis and re-positive
phases, whereas it increased normally in the negative phase.
Similarly, the platelet counts of re-positive patients were
significantly lower during the initial diagnosis and re-positive
phases than during the negative phase.

In summary, the levels of creatinine and albumin may be able
to help differentiate between a re-positive population at initial
diagnosis, and eosinophils counts may play a role in determining
the stage of the patient’s disease, but their role in viral immunity
and re-positive patients needs further study. So these evidences
give us a thought, does the proliferation of SARS-COV-2 virus
cause eosinophilia reduction in the body? Is drug regulation of
eosinophils potentially effective in controlling virus replication
which could prevent for reinfection with SARS-COV-2 virus?
Hopefully, these problems could attract more attention, and
more studies are definitely needed for further investigation.
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