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Abstract

Comorbidities are important for the disease outcome of COVID-19, however, which
underlying diseases that contribute the most to aggravate the conditions of COVID-19
patients are still unclear. Viral clearance is the most important laboratory test for
defining the recovery of COVID-19 infections. To better understand which underly-
ing diseases that are risk factors for delaying the viral clearance, we retrospectively
analyzed 161 COVID-19 clinical cases in the Zhongnan Hospital of Wuhan University,
Wuhan, China between January 5 and March 13, 2020. The demographic, clinical
and laboratory data, as well as patient treatment records were collected. Univariable
and multivariable analysis were performed to explore the association between de-
layed viral clearance and other factors by using logistic regression. Survival analy-
ses by Kaplan-Meier and Cox regression modeling were employed to identify factors
negatively influencing the viral clearance negatively. We found that hypertension
and intravenous immunoglobulin adversely affected the time of viral RNA shedding.
Hypertension was the most important risk factor to delay the SARS-CoV-2 virus
clearance, however, the use of Angiotensin-Converting Enzyme Inhibitors(ACEI)/
Angiotensin Receptor Blockers(ARB) did not shorten the time for virus clearance in
these hypertensive patients’ virus clearance. We conclude that patients having hyper-
tension and intravenous immunoglobulin may delay the viral clearance in COVID-19

patients.
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1 | INTRODUCTION

Coronavirus disease 2019 (COVID-19), caused by severe acute respi-
ratory syndrome coronavirus 2 (SASR-CoV-2), was first identified in
Wuhan, China, and now has developed into the second new pandemic
in the 21st century.’ The clinical symptoms of COVID-19 varies and
most often displays as fever, cough and mild fatigue, sometimes also
dyspnea, myalgia and severe anorexia, and may develop into critical
respiratory failure, or even fatal.*” The clinical characterizations of
early infections inside of Wuhan are important references for other
regions or countries to compare the development of clinical manifes-
tations and epidemiological trends of COVID-19.

SARS-CoV-2 belongs to the genus coronavirus (CoV), a group of
enveloped, single-stranded, positive-sense RNA viruses. The host
cell receptor for SARS-CoV and SARS-CoV-2 is the angiotensin-
converting enzyme 2 (ACE2), presented epithelial cells in the respi-
ratory tract.1° Middle East respiratory syndrome virus (MERS), uses
dipeptidyl peptidase 4 (DPP4) as cellular receptor. By using ACE2,
which is also an enzyme that modulates the renin-angiotensin-
aldosterone system (RAAS), SARS-CoV infections can disturb RAAS
in the targeted cells by downregulate the expression of ACE2 and
increase lung damage and edema.'?

Clinical studies identified that severe COVID-19 cases often oc-
curred in patients with old age, male, diabetes, hypertension or other
comorbidities.”*?13 In COVID-19 patients with underlying diseases,
a very high case fatality rate (73.3%) has been observed.** However,
how these comorbidities affect the SARS-CoV-2 clearance is not
yet understood. The association between duration of viral clear-
ance and the use of ACE inhibitors and angiotensin receptor blocker
(Angiotensin-Converting  Enzyme Inhibitors(ACEIl)/Angiotensin
Receptor Blockers(ARB) for the COVID-19 patients combined with
underlying diseases are unknown and such clinical-based studies are
still lacking. Potential factors might be that these comorbidities di-
rectly accelerate the damage of target tissues or that they favor the
virus proliferation during a SARS-CoV-2 infection. Trying to provide
more clinical information to answer this question, we analyzed 161
COVID-19 hospitalized patients and evaluated which underlying
diseases that had the highest risk to aggravate the conditions of a
COVID-19 infection.

2 | METHODS

2.1 | Study design and participants

Between January 5 and March 13, 2020, we collected the records of
161 hospitalized patients in Zhongnan Hospital of Wuhan University,
Wuhan, China, whose throat swab specimens had been tested
positive for SARS-CoV-2 by gRT-PCR according to a protocol previ-
ously described.* The patients who repeatedly tested SARS-CoV-2
RNA negative for at least two times with an interval of more than
24h were regarded as viral negative. The admission date was used

as the starting time-point for the viral clearance process, and the

date of the second negative detection of viral RNA was calculated
as the end time-point of viral clearance. According to the duration
of viral shedding time, the patients were divided into two groups;
those that shedded the virus less than 15 days and those the shed-
ded virus more than 15 days. This study was approved by the eth-
ics board in Zhongnan Hospital of Wuhan University, Wuhan, China
(N0.2020011). Informed consents were obtained from all patients
upon admission to Zhongnan Hospital of Wuhan University, Wuhan,
China.

2.2 | Datacollection

We recorded patient demographic data including gender, age, and
time from onset of disease until seeking hospital care; clinical data
of chronic diseases including hypertension, cardiovascular dis-
eases, diabetes, chronic obstructive pulmonary disease (COPD), and
chronic liver disease existed as comorbidities; treatment data includ-
ing usage of oxygen support, antivirals(Arbidol/Lopinavir/Ritonavir),
corticosteroid, or immunoglobulin. Two or more researchers were

assigned to collect and review relevant patients’ data independently.

2.3 | Statistical analysis

Chi-square test or Fisher's exact test were used to evaluate categor-
ical variables. We firstly tested distribution of measurement data,
and if the measurement data was normally distributed, the t test was
used and the results were expressed as the mean +standard devia-
tion (SD); or if the measurement data was non-normally distributed,
the Mann-Whitney U test was used and the results were expressed
as the median (25% - 75% interquartile range, IQR). Univariable and
multivariable analysis were performed to explore the association
between delayed viral clearance and risk factors by using logistic
regression. For the multivariable analysis, factors with a p-value was
lower than 0.1 in the univariable analysis were included. We used
Kaplan-Meier survival analysis to estimate the cumulative negativity
rate of SARS-CoV-2 viral RNA and the stratified logrank statistic to
compare SARS-CoV-2 clearance in different groups. p values <.05
were considered statistically significant. All statistical analyses were
performed by using SPSS 17.0 software package (Chicago, lllinois,
USA).

3 | RESULTS

3.1 | Demographics, comorbidities, treatment,
and clinical outcomes of 161 COVID-19 patients with
different viral shedding durations

From Table 1, a total of 161 patients, 90 females (90/161, 55.9%)
and 71 males (71/161, 44.1%), were included in the study. At the
end of observation, 146 patients had cleared the virus infection and
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TABLE 1 Demographics,
Comorbidities, treatment, and clinical
outcomes of 161 COVID-19 patients with
different shedding durations

Viral shedding duration after admission to hospital

Wi LEy-L1

Sex
female
male
Age (years)
Comorbidities
Hypertension
Cardiovascular disease
Diabetes
COPD
CKD
Chronic liver diseases

Days from illness onset
to hospital, median

(IQR), d

Hospital stays, median

(IQR),d
Severe type
Treatment
Oxygen support
Arbidol
Lopinavir/Ritonavir
Corticosteroid

Intravenous
immunoglobulin

Clinical outcome
Discharged
Death

<15 Days
Total (161) (n=115) >15 Days (h=46) P value
.018
90 (55.9%) 71 (61.7%) 19 (41.3%)
71 (44.1%) 44 (38.3%) 27 (58.7%)
54.0(36.0,66.0) 51.0(33.0,62.0) 62.0(47.0,71.3) .001
37 (23.0%) 22 (19.1%) 15 (32.6%) <.0001
7 (4.3%) 3(2.6%) 4(8.7%) .087
15(9.3%) 9 (7.8%) 6(13.0%) .304
6(3.7%) 4(3.5%) 2 (4.3%) 792
6(3.7%) 4(3.5%) 2 (4.3%) 792
13 (8.1%) 8(7.0%) 5(10.9%) 410
7 (4, 10) 7 (4,10) 6 (3.0, 10.0) .642
15.0 (9.0, 21.0) 12 (8.0, 17.0) 22.0(18.0,29.0) <.0001
49 (30.4%) 28 (24.3%) 21 (45.7%) .008
93(57.8%) 60 (52.2%) 33(71.7%) .023
92 (57.1%) 66 (57.4%) 26(56.5%) .920
36(22.4%) 22 (19.1%) 14(30.4%) 120
80 (49.7%) 51 (22.6%) 29 (63.0%) .032
33(20.5%) 16 (13.9%) 17 (37.0%) .001
146 (90.7%) 106 (92.2%) 40 (87.0%) .304
15 (9.3%) 9 (7.8%) 6 (13.0%)

Abbreviations: CKD, chronic kidney disease; COPD, chronic obstructive pulmonary disease.

15 had died (15/161, 9.3%). The age of the patients spanned from
20 to 96 years with a median of 54.0 years (25% - 75% IQR, 36.0-
66.0 years). Patients that had different underlying diseases included
37 patients with hypertension (23.0%), seven with cardiovascular
disease (4.3%), 15 with diabetes (9.3%), six with chronic obstruc-
tive pulmonary disease (COPD) (3.7%), 13 with chronic liver disease
(8.1%), and six with chronic kidney disease (CKD) (3.7%). During their
hospitalization, oxygen support was used to 93 patients (93/161,
57.8%), the antiviral treatment had been applied to 92 (Arbidol,
57.1%) and 36 (Lopinavir/Ritonavir, 22.4%) patients, respectively.
Corticosteroid and intravenous immunoglobulin had been applied
to 80 (49.7%) and 33 (20.5%) patients, respectively. The duration
of viral shedding was divided into two groups: 46 patients (46/161,
28.6%) had more than 15 days of viral shedding, while the rest 115
patients (115/161, 71.4%) had shedded virus for less than 15 days.
We compared these two groups and we found that male, old age,
hypertension, cardiovascular disease, severe type, oxygen support,

corticosteroid and intravenous immunoglobulin showed statistically

differences, that is, these factors can negatively affect the viral
shedding time in COVID-19 patients.

3.2 | Univariable and multivariable analyses of
associated factors that can delay viral clearance of
COVID-19 patients

Univariable analyses were performed to analyze which factors are as-
sociated with delaying viral clearance in COVID-19 patients. We found
that male, the elderly patients (260 years), and the patients with hy-
pertension, severe type, oxygen support, use of corticosteroid, and
intravenous immunoglobulin can prolong the duration of viral shed-
ding significantly (215 days) (p < .05, Table 2). Furthermore, based on
the multivariable analyses, hypertension (OR = 4.228; 95%Cl, 1.739-
10.280; p =.001) and intravenous immunoglobulin (OR = 2.818; 95%Cl,
1.111-7.148; p = .029) were independent factors which were highly
associated higher odds to have viral shedding time more than 15 days.
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3.3 | Kaplan-Meier survival analysis

Hypertension was manifested in 37 out of 161 patients. In these
37 patients with hypertension, 28 patients had received anti-
hypertensive medications, and they were further be divided into
two groups: 13 patients who received ACEI/ARB and 15 patients
who did not receive ACEI/ARB. Kaplan-Meier survival analysis was
used to evaluate the time points for viral clearance in the groups
with hypertension or not, and in the groups which received ACEI/
ARB or not (Figure 1). From Figure 1A, the cumulative probabil-
ity of viral clearance was higher in the non-hypertension group
than that in the hypertension group (p < .0001, log-rank). Patients
with hypertension showed a higher probability for a prolonged
shedding of SARS-CoV-2 viral RNA as compared to the patients
without hypertension. The duration of virus clearance was sig-
nificantly delayed in the hypertension group. However, the use
of anti-hypertension medications (ACEI/ARB) or not had no ef-
fects on the cumulative probability of viral negative conversion,

with statistically no difference (Figure 1B). Intravenous immu-
noglobulin had been applied to 33 patients, from Figure 1C, the
cumulative probability of viral negative conversion was higher in
non-intravenous immunoglobulin group than in the 33 intrave-
nous immunoglobulin patients (p = .0015, log-rank). Patients with
intravenous immunoglobulin showed a higher probability to have
a longer time of clearing SARS-CoV-2 viral RNA than those pa-
tients without intravenous immunoglobulin. The duration of virus
clearance was significantly delayed in the intravenous immuno-

globulin group.

3.4 | Duration of virus shedding durations of
COVID-19 patients

The median duration of viral RNA shedding for these 161 patients was
11.0 (7-15.5, IQR) days. Patients with hypertension needed 17.0 days
(11.0-22.5, IQR), and patients without hypertension needed only

TABLE 2 Univariable and multivariable analysis of factors associated with delayed viral clearance of COVID-19 patients

Total Viral shedding

(n=161) duration215 days (n = 46)
Sex Female 21.1%

Male 38.0%
Age (years) <60 19.2%

260 43.5%
Hypertension No 19.4%

Yes 59.5%
Severe type No 22.3%

Yes 42.9%
Oxygen support No 19.1%

Yes 35.5%
Corticosteroid No 20.1%

Yes 36.3%
Intravenous immunoglobulin No 22.7%

Yes 51.5%

Abbreviations: Cl, confidence interval; OR, odds ratio.

Univariable analysis Multivariable analysis

OR 95% Cl p value OR 95% Cl p value
Ref. Ref.

2.293  1.142-4.604 .018 1.027 0.752-3.768 .205
Ref. Ref.

3.248 1.599-6.598 .001 1.802 0.791--4.109 .161
Ref. Ref.

6.111  2.765-13.509 <.0001 4.300 1.781-10.378 .001
Ref. Ref.

2.610  1.271-5.360 .008 1.027 0.373-2.842 .960
Ref. Ref.

2.327 1.112-4.871 .023 1.333  0.498-3.567 567
Ref. Ref.

2.141  1.060-4.322 .032 0.886 0.337-2.328 .806
Ref. Ref.

3.627  1.633-8.059 .001 2.806 1.106-7.116 .030
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FIGURE 1 Kaplan-Meier estimates of SARS-CoV-2 viral clearance rate of COVID-19 patients with or without hypertension (p=<.0001,
log-rank, A) and use of (ACEI/ARB) or not (p = .6171, log-rank, B) and intravenous immunoglobulin or not (p = .0015, log-rank, C)
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FIGURE 2 Viral RNA shedding durations of COVID-19 patients with or without hypertension (p < .0001, A) and use of (ACEI/ARB) or not

(p =.8177, B), and intravenous immunoglobulin or not (p =.0002, C)

9.0 days (6.0-13.0, IQR) for viral clearance. As a result, patients with
hypertension showed that having a longer time of viral RNA shedding
compared to those without hypertension (p < .0001, Figure 2A). We
further compared viral RNA shedding durations in the patients that
received ACEI/ARB and in patients without treatment. The median
duration of viral RNA shedding of 13 patients that received ACEI/ARB
was 17.0 days (13.0 - 24.5, IQR), while it was 18.0 days (11.0 -22.0,
IQR) for the other 16 patients without ACEI/ARB treatment. There
was no significant difference between these two groups (p = .8177,
Figure 2B). For 33 patients with intravenous immunoglobulin, the me-
dian duration of viral RNA shedding was 15.0 (11.0-21.0, IQR) days,
while it was 9.5 (6.0-14.0, IQR) days in patients without intravenous
immunoglobulin, patients with intravenous immunoglobulin showed
that having a longer time of viral RNA shedding compared to those

without intravenous immunoglobulin (p = .0002, Figure 2C).

4 | DISCUSSION

Hypertension has been considered to cause disease aggravation in
coronavirus infections, including COVID-19, SARS, and MERS,>1413
but less attention has been made on risk factors for viral RNA shed-
ding. Our analyses pinpointed hypertension as a strong factor for
prolonged viral RNA shedding in COVID-19 patients.

Our study showed that hypertension was a significant risk factor
for a delay of SARS-CoV-2 virus clearance. Abnormal regulation of
RASS and ACE2 might play a role during the viral infection.” ACE2
is a membrane-related aminopeptidase, which is often expressed in
vascular endothelium, kidney and cardiovascular tissues.* During
the SARS outbreak in 2003, it was discovered that the efficiency of
ACE2 usage was a key factor in its infection. The receptor binding
domains of SARS-CoV and SARS-CoV-2 are 72% similar, and even
SARS-CoV-2 has a higher affinity for ACE2.Y It was thought that
undifferentiated cells that express less ACE2 are rarely infected
by coronaviruses, while well-differentiated cells that express more

ACE2 are more likely to be infected.’® Therefore, it is reasonable to

infer that the increase in ACE2 expression will promote the increase
in SARS-CoV-2 infection rate or susceptibility, during viral entry
during the early infection phase. Previous studies have shown that
high expression of ACE2 in patients with hypertension might facil-
itate SARS-CoV-2 to enter the targeted cells in the respiratory sys-
tem.”'? However, after the virus enter into the cells, the degradation
of ACE2 was reported due to different mechanisms 2% and ACE2
shows protective effects such as vasodilation, vasoprotection, the
inhibition of lung damage and edema.?>?? The expression regulation
of ACE2 probably play distinct roles in SARS-CoV-2 early infection
and late replication phase.

Above-mentioned viral entry and lung injury mediated by
SARS-CoV-2 make the clinical use of ACEI/ARB still debated and
whether ACEI/ARB will affect viral RNA shedding remains contro-
versial. It has been speculated that patients with hypertension that
had been treated with ACE2 inhibitors, angiotensin-converting
enzyme inhibitors (ACEI), and angiotensin receptor blocker (ARB),
which could have affected the presence of these receptors, in-
creased the receptor usage of SARS-CoV-2.8 Although the use of
ACEI and ARB may stimulate the increase of ACE2 mRNA expres-
sion, an animal study has suggested that these increased gene
expressions were not completely related to ACE2 activity.?® Until
now, the usage of ACEI/ARB has no proven association with in-
creased risks of COVID-19 disease or severity of the disease nei-
ther,*¥2% similar to the results in our study. In addition, we also
found out that the usage of ACEI/ARB had no effects on the time
for virus shedding. However, in a Chinese retrospective study of
51 hospitalized patients and a control group of 25 individuals,
17 patients with COVID-19 and hypertension were treated with
ACEI/ARB and shown a lower peak of viral load.?® However, our
study suggested that the use of ACEI/ARB did not make a statis-
tically difference regarding to the time for viral clearance in 49
hypertensive patients. We also need to take consideration of small
sample sizes in our study.

On the other hand, the males and elderly usually had a high risk
of hypertension,26 making it difficult to discern. According to the
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univariable analysis, we also found that male and elderly (=60 years)
were significantly related to longer viral shedding. Sex, age, and im-
munity are notable biological factors during combating infectious
pathogens.27 The immune system is different between females and
males.?® Females may have a generally lower susceptibility to viral
infections. The possible reason may be that estrogen and progester-
one can help to increase both the innate and adaptive immune re-
sponses. In addition, many immune genes are X-linked, which could
also explain for the lower infection rate in women.?? Higher immune
reactivities post-viral infection in women can accelerate the pro-
cess of viral clearance. On the other hand, it may lead to increased
immune-pathogenicity and autoimmunity. Gender differences can
also affect risk factors, with men, for example, being more likely to
develop hypertension.®® Males have a higher ratio of hypertension
in mice models due to decreased adipose ACE2 activity.®* However,
although the ACE2 gene is located in the X chromosome, there is
no evidence of different expression of ACE2 between the sexes.?
Some research demonstrated that chronic kidney disease(CKD)
was the strong independent risk factors for the poor prognosis of
COVID-19.333% In our study, we try to find whether there were cor-
relation between CKD and SARS-CoV-2 virus clearance and find that
CKD was not associated with SARS-CoV-2 virus clearance.

In our study, intravenous immunoglobulin was an independent
factor associated with delayed viral clearance. As an immunomodu-
latory agent, intravenous immunoglobulin was applied to treat many
autoimmune diseases, such as ITP and SLE.%>%¢ The mechanism has
not been illuminated completely. However, immunosuppression
was observed by immunoglobulin in vitro.3” These mechanisms
may cause the delayed virus clearance of SARS-CoV-2 in COVID-19
patients.

Until now, there is no effective medicine available to treat
COVID-19. Accordingly, the usage of antivirals and cortisone had no
effect on the viral clearance, according to our results. The usage of cor-
tisone had unexpectedly a negative effect on the process of viral clear-
ance, although cortisone was commonly used in the SARS patients.38
However, it is possible that cortisone was used only for particularly
severe cases, which may have confounded the results. The outcome
of using corticosteroids in COVID-19 patients is still unclear.>*? Given
that corticosteroids as immune-modulators that can decline circulating
specific B- and T-cell subsets 4% and based on our present results, the
usage of corticosteroid should be considered carefully.

In conclusion, COVID-19 patients with hypertension and intra-
venous immunoglobulin have statistically significant increased risk
for later viral clearance of the virus. The general profile of hazards
in COVID-19 hospitalized patients over time will provide us more
important information concerning decision-making and personalized

treatment during the clinical practice.
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