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Clinical implication and risk factor of pneumonia
development in mild coronavirus disease 2019
patients
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INTRODUCTION respiratory syndrome coronavirus 2 (SARS-CoV-2). As of
May 11, 2020, approximately 279,000 patients died due
The World Health Organization (WHO) reported that to the global pandemic outbreak of coronavirus dis-

over 4 million patients were infected with severe acute ease 2019 (COVID-19) [1]. Although most patients with
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COVID-19 had mild disease courses, more than 86% of
them had abnormal chest computed tomography (CT)
scan findings, suggesting infiltration of the chest due to
viral pneumonia [2]. Respiratory failure was the major
cause of death due to COVID-19-associated pneumonia,
accounting for more than 85% mortality [3]. Risk fac-
tors for mortality in patients with COVID-19-associated
pneumonia were old age, comorbidities, decreased lym-
phocyte counts, increased lactate dehydrogenase (LDH)
levels, or increased troponin I levels [4,5]. Although risk
factors of mortality due to COVID-19 have been well
evaluated, information regarding the risk factors and
the clinical effects of pneumonia development in pa-
tients with mild COVID-19 is limited.

Mild COVID-19 accounts for approximately 80% of’
the total COVID-19 cases [6-8]; however, a few studies
have focused on COVID-19 cases with mild disease man-
ifestation at diagnosis because these patients typically
recover at home [9]. The Centers for Disease Control
and Prevention recommended home isolation for stable
patients with mild COVID-19 disease manifestation at
diagnosis [10]. However, there have been several reports
on cases presenting mild disease manifestation at diag-
nosis but showing clinical deterioration a week after the
onset of COVID-19 symptoms [6,11]. Case reports have
described patients with mild to moderate COVID-19
disease at diagnosis requiring extracorporeal membrane
oxygenation (ECMO) for respiratory failure as early as 10
days after the onset of symptoms [12,13]. Sepsis, respi-
ratory failure, and acute respiratory distress syndrome,
associated with pneumonia development, accounted for
most of these clinical deteriorations [14]. However, it is
not known whether newly developed pneumonia has
a significant effect on prognosis in patients with mild
disease presentation at diagnosis. If pneumonia devel-
opment in such patients affects prognosis, it may re-
quire treatment. Therefore, the risk factors and clinical
significance of COVID-19 progression from mild mani-
festation at diagnosis to the development of pneumonia
during hospitalization need to be investigated.

The present study aimed to examine the effect of
developing pneumonia on the clinical course of mild
COVID-19 in hospitalized patients. If significantly dif-
ferent clinical outcomes were found in patients who
developed pneumonia, the risk factors for pneumonia
development would be evaluated.
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METHODS

Study design and participants

Our retrospective observational study adhered to the
strengthening the reporting of observational studies
in epidemiology (STROBE) statement [15]. We included
all patients with mild COVID-19 infections who were
discharged from the Boramae Medical Center between
February 25, 2020, and April 11, 2020. Positive COVID-19
diagnoses were confirmed through real-time reverse
transcription-polymerase chain reaction (qRT-PCR)
assays using upper or lower respiratory specimens. Pa-
tients were admitted to the isolation ward for COVID-19
management with negative pressure ventilation and re-
mote monitoring. Cohort isolation was performed ac-
cording to the source of infection. Discharge to home
and self-isolation were not allowed for patients with
positive COVID-19 tests in South Korea.

Eligibility criteria

The eligibility criteria were as follows: (1) asymptomat-
ic COVID-19 disease at admission or mild COVID-19
disease manifestation (slight clinical symptoms with-
out signs of pneumonia) at admission as defined by the
WHO criteria [16,17]; (2) daily checkup by experienced
pulmonologists for change in symptoms; (3) daily chest
X-ray interpreted by experienced thoracic radiologists;
and (4) regular COVID-19 PCR tests at least once every
72 hours using upper and lower respiratory specimens.

Variables and measurements

The collected demographic information included pa-
tient age, sex, body mass index (BMI), smoking status,
household contact, and underlying diseases (hyperten-
sion, diabetes, cardiovascular disease, chronic lung dis-
ease, chronic liver disease, chronic kidney disease, cere-
brovascular disease, and cancer). COVID-19 symptoms
were initially investigated by an epidemiological inves-
tigation officer and questioned by medical and nursing
staft at hospital admission, including abnormal senses
of smell and taste, myalgia, sore throat, cough, sputum,
chest discomfort, dyspnea, fever, rhinorrhea, nasal ob-
struction, and diarrhea. Clinical features included lab-
oratory tests (white blood cell count; lymphocyte per-
centages; procalcitonin, LDH, and troponin I levels),
treatments (lopinavir/ritonavir, hydroxychloroquine,
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antibiotics, oxygen supplementation, mechanical venti-
lation, and ECMO), and clinical outcomes (time to nega-
tive conversion, negative conversion at 14 days, negative
conversion at 28 days, and in-hospital death). Negative
conversion was defined as two consecutive negative PCR
results in both upper and lower respiratory specimens.

Study outcomes

The primary outcome to be evaluated was the impact of
newly developed pneumonia on the time to viral clear-
ance in patients with mild COVID-19 patients. The sec-
ondary study outcome was to identify a risk factor for
pneumonia development in mild COVID-19 patients. In
our study, mild COVID-19 was defined as an asymptom-
atic or mild disease with viral RNA detection as reported
by the WHO announcement on COVID-19 [16,17]. Pa-
tients with mild COVID-19 at diagnosis were classified
as either (1) pneumonia group (patients diagnosed with
pneumonia during hospitalization), or (2) no-pneumo-
nia group (patients who were not diagnosed with pneu-
monia during hospitalization). All pneumonia diagno-
ses were confirmed by chest radiography.

Statistical analyses

According to the STROBE statement, the sample size
was calculated. In a pilot study of 55 patients, we found
that the anticipated time to negative conversion was
approximately 23.0 + 7.1 days in the pneumonia group,
and approximately 19.0 + 8.9 days in the no-pneumonia
group with an enrollment ratio of 2.5. Therefore, the cal-
culated sample size was 122 patients (34 patients in the
pneumonia group and 88 patients in the no-pneumonia
group), with an alpha error of 0.5 and 80% power.

We compared demographic information, clinical fea-
tures, and clinical outcomes between the pneumonia
and no-pneumonia groups. Categorical variables were
analyzed using the chi-square test or Fisher’s exact test.
Continuous variables were analyzed using Student’s t
test. The Kaplan-Meier estimation method was used to
compare the time to negative conversion between the
pneumonia and no-pneumonia groups, and the differ-
ence was estimated by the log-rank test. Univariate and
multivariate Cox regression analyses were performed
to evaluate hazard ratios (HRs) for a prolonged time to
negative conversion. In addition, we conducted logistic
regression analysis to identify the risk factors for pneu-
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monia development and described the odds ratios (ORs)
and 95% confidence intervals (CIs). To exclude potential
bias due to confounding factors for pneumonia devel-
opment, we planned an adjusted analysis for pneumo-
nia development. Independent variables were selected
on the basis of their statistical significance in the uni-
variate analysis. The criterion for inclusion of a variable
in the multivariate analysis was based on the clinical
significance. Statistical significance was set at p < 0.05.
All statistical analyses were conducted using R statis-
tical software (R Core Team version 3.5.1, 2018, Vienna,
Austria).

Ethics

The Boramae Medical Center Institutional Review
Board Committee approved the study protocol and
waived the need for informed consent for access to elec-
tronic medical records (IRB No. 20-2020-33).

RESULTS

We reviewed the electronic medical records of a total of
136 patients who were hospitalized for COVID-19 con-
firmed by PCR and found 127 patients with mild man-
ifestations at diagnosis (Fig. 1). As a result of analyzing
their admission routes, 124 patients were diagnosed
with COVID-19 at other medical centers and transferred
to our hospital within a day. Three patients were diag-
nosed with COVID-19 in our hospital.

Pneumonia was identified by chest X-ray during
hospitalization in 34 (26.8%) patients. Among the 124
COVID-19 patients, chest CT was conducted in nine
(7.1%) patients. The time from onset of COVID-19 symp-
toms to pneumonia detection was a median 8.0 days (in-
terquartile range [IQR], 6.0 to 10.0). The median time
from hospital admission to pneumonia detection was 3.5
days (IQR, 2.0 to 6.0).

Baseline characteristics and clinical features

The baseline characteristics were compared between
the pneumonia and no-pneumonia groups (Table 1).
Patients in the pneumonia group were older and had
a higher BMI than those in the no-pneumonia group.
Household contact as a COVID-19 infection source was
more likely in the pneumonia group, but the difference
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Boramae Medical Center from February 25 to April 11, 2020

136 Patients who were hospitalized for SARS-CoV-2 confirmed by PCR in

9 Patients with moderate to severe COVID-19

manifestation at diagnosis were excluded

127 Patients with mild COVID-19 manifestation at diagnosis

! )

34 Patients with newly
developed pneumonia during
hospitalization

(26.80%) (73.2%)

93 Patients without newly
developed pneumonia during
hospitalization

Figure 1. Flow chart for grouping the coronavirus disease 2019 (COVID-19) patients with mild manifestation at diagnosis ac-
cording to pneumonia development. SARS-CoV-2, severe acute respiratory syndrome coronavirus 2; PCR, polymerase chain

reaction.

was not statistically significant. A higher proportion of
hypertension, diabetes mellitus, and chronic lung dis-
ease were found to be the comorbidities in the pneu-
monia group. At hospital admission, cough, sputum,
dyspnea, and diarrhea were more frequently reported
among patients in the pneumonia group, than among
those in the no-pneumonia group. More patients in
the pneumonia group (six patients, 17.6%) underwent a
chest CT than the no-pneumonia group (three patients,
3.2%).

Different treatments and clinical outcomes were
found between the pneumonia and no-pneumonia
groups (Table 2). Among 34 patients with pneumonia, 19
(55.9%) patients were treated with antiviral agents, and
combined antibiotics were used in 14 (41.2%) patients,
while 13 (38.2%) patients did not receive any antiviral or
antibiotic treatment. Five (14.7%) patients in the pneu-
monia group needed transient oxygen therapy, while no
patients needed mechanical ventilation or ECMO.

Risk factors for pneumonia development in mild
COVID-19 patients

Univariate logistic regression analyses identified signif-
icant risk factors for pneumonia development. These
included old age, high BMI, household contact, hyper-
tension, diabetes mellitus, chronic lung disease, cough,
sputum, dyspnea, and diarrhea (Table 3). Multivariable
analysis identified four significant variables, including
an age of = 65 years (OR, 3.15; 95% CI, 1.14 to 8.73; p =
0.027), cough (OR, 2.18; 95% CI, 1.29 to 3.68; p = 0.003),
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dyspnea (OR, 3.58; 95% CI, 1.10 to 11.69; p = 0.034), and
diarrhea (OR, 2.69; 95% CI, 1.51 to 4.78; p < 0.001). Multi-
collinearity was not found in the multivariate analysis,
as all of the variance inflation factors were < 2.0.

Clinical outcomes
Regarding clinical outcomes, time to negative conver-
sion was prolonged in patients who developed pneu-
monia (23.6 days in the pneumonia group vs. 18.4 days
in the no-pneumonia group, p = 0.003) (Table 2), and
Kaplan-Meier analysis showed similar results (log-rank
test, p = 0.02) (Fig. 2). A significant impact of pneumonia
on the time to negative conversion was observed when
comparing viral clearance within 14 days of admission
(8.8% vs. 35.5%, p = 0.003). The use of lopinavir/ritonavir,
hydroxychloroquine, or antibiotics did not reduce the
time to negative conversion in COVID-19 patients with
pneumonia. Furthermore, there were no deaths among
the total COVID-19 patients during follow-up.
Univariate Cox regression analysis showed that elderly
age (= 65 years), abnormality in sense of smell and taste,
sputum, and pneumonia development during hospital-
ization were related to a higher probability of prolonged
time to negative conversion (Table 4). Additionally,
multivariate Cox regression analysis demonstrated that
pneumonia development during hospitalization was an
independent risk factor for prolonged time to negative
conversion in mild COVID-19 patients (HR, 2.90; 95%
CI, 1.06 to 7.97; p = 0.039).
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Table 1. Baseline characteristics of mild coronavirus disease 2019 patients with or without pneumonia development

Characteristic Pneumonia (n =34) No pneumonia (n= 93) pvalue
Age, yr 463 +16.9 33.1+15.3 < 0.001
Age = 65 yr 5(14.7) 3(3.2) 0.052
Female sex 15 (44.1) 49 (52.7) 0.513
Body mass index, kg/m?* 24.0+£3.1 22.51+3.55 0.034
Smoking 0.346
Past or current smoker 9(26.5) 15 (16.1)
Household contact 9(26.5) 10 (10.8) 0.055
Underlying disease
Hypertension 9(26.5) 6(6.5) 0.005
Diabetes mellitus 5(14.7) 2(2.2) 0.021
Cardiovascular disease 1(2.9) 4(43) >0.999
Chronic lung disease 4(11.8) 1(1.2) 0.026
Chronic liver disease 2(5.9) 2(2.2) 0.622
Chronic kidney disease o) 1(1.1) >0.999
Cerebrovascular disease 1(2.9) 1(1.1) >0.999
Cancer 1(2.9) 4(43) >0.999
Symptoms
Abnormality in sense of smell and taste 7 (20.6) 22.(23.7) 0.900
Myalgia 13 (38.2) 24 (25.8) 0.252
Sore throat 11 (32.4) 42 (45.2) 0.274
Cough 23 (67.6) 38(40.9) 0.013
Sputum 18 (52.9) 28 (30.1) 0.031
Chest discomfort 3(8.8) 9(9.7) >0.999
Dyspnea 6 (17.6) 1(1.1) 0.001
Fever 11(32.4) 25(26.9) 0.701
Rhinorrhea or nasal obstruction 12 (35.3) 32(34-4) >0.999
Diarrhea 15 (44.1) 13 (14.0) 0.001
No symptoms 3(8.8) 13 (14.0) 0.636
Laboratory test
WBC, /uL 5,274 + 2,068 5,308 + 1,721 0.926
Lymphocyte, % 44.2+33.1 53.1+26.0 0.124
Procalcitonin, ng/mL 0.02 % 0.02 0.02 * 0.02 0.116
LDH, IU/L 212+ 64 206+ 99 0.761
Troponin-I, ng/mL 1.48 £2.39 0.77 £1.62 0.150
Chest CT 6 (17.6) 3(3.2) 0.016
Values are presented as mean + SD or number (%).
WBC, white blood cell; LDH, lactate dehydrogenase; CT, computed tomography.
DISCUSSION opment on the CoV-2 clearance rate and analyzed the

clinical factors related to pneumonia development in
Our study evaluated the impact of pneumonia devel- patients with mild COVID-19 infection. Although all the
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Table 2. Treatments and clinical outcomes of mild coronavirus disease 2019 patients with or without pneumonia development

Variable Pneumonia (n = 34) No pneumonia (n = 93) p value
Treatment
Lopinavir/ritonavir 19 (55.9) 7(7.5) < 0.001
Hydroxychloroquine 2(5.9) 1(11) 0.358
Antibiotics 14 (41.2) 4(43) < 0.001
Oxygen supplementation 5(14.7) o 0.001
Mechanical ventilation o o NA
ECMO o o NA
Clinical outcome
Time to negative conversion 23.6 +8.9 18.4+8.5 0.003
Negative conversion at 14 day 3(8.8) 33(355) 0.006
Negative conversion at 28 day 24 (70.6) 77 (82.8) 0.207
In-hospital death o o NA

Values are presented as number (%) or mean + SD.
NA, not applicable; ECMO, extracorporeal membrane oxygenation.

Table 3. Univariable and multivariable logistic regression analyses to predict pneumonia development among mild coronavi-

rus disease 2019 patients

Univariable analysis

Multivariable analysis

Variable OR 95% CI pvalue OR 95% CI pvalue
Age = 65yT 5.06 1.13-22.59 0.034 3.15 1.14-8.73 0.027
Female sex 0.71 0.32-1.56 0393 - - -
Body mass index = 25 kg/m* 2.14 0.88—5.21 0.099 - - -
Current smoker 1.60 0.58—4.41 0368 - - -
Household contact 2.99 1.09-8.17 0.033 - - -
Hypertension 5.22 1.70-16.07 0.004 - - -
Diabetes mellitus 7.84 1.44-42.61 0.017 - - -
Cardiopulmonary disease 3.84 0.97-15.25 0.056 - - -
Abnormality in sense of smell and taste 0.84 0.32—2.18 0.716 - - -
Myalgia 1.78 0.77—4.09 0.175 - - -
Sore throat 0.58 0.25-1.33 0.197 - - -
Cough 3.03 132-6.93 0.009 2.18 1.29-3.68 0.003
Sputum 2.61 1.17-5.85 0.020 - - -
Chest discomfort 0.90 0.23-3.55 0.884 - - -
Dyspnea 19.71 2.28-170.75 0.007 3.58 1.10-11.69 0.034
Fever 1.30 0.55-3.05 0.545 - - -
Rhinorrhea or nasal obstruction 1.04 0.46—2.37 0.926 - - -
Diarrhea 4.86 1.98-11.90 <0.001 2.69 1.51-4.78 <0.001
No symptoms 0.60 0.16-2.23 0.423 - - -
WBC, /mL 0.99 0.79-1.23 0.925 - - -
Lymphocyte, % 0.99 0.97-1.00 0.125 - - -
Procalcitonin, ng/mL 1.02 1.00-1.04 0.133 - - -
LDH, 100 IU/L 1.07 0.70-1.62 0.759 - - -
Troponin-I, ng/mL 1.16 0.94-1.43 0.161 - - -

OR, odds ratio; CI, confidence interval; WBC, white blood cell; LDH, lactate dehydrogenase.
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Figure 2. Kaplan-Meier curve for time to negative conver-
sion according to pneumonia development in mild corona-
virus disease 2019 patients.

included patients had mild COVID-19 manifestations
at the initial assessment, 26.8% developed pneumonia
after a median of 3.5 days of hospitalization. To the best
of our knowledge, this is the first study reporting that
newly developed pneumonia in COVID-19 patients with
mild manifestation at diagnosis was not significantly
related to an increased risk of mortality but was associ-
ated with prolonged time to negative viral RNA conver-
sion. After adjusting for confounding factors, we found
that mild COVID-19-associated pneumonia was inde-
pendently related to a higher risk of prolonged time to
negative conversion of viral RNA.

Caution is needed for COVID-19 patients with risk
factors for pneumonia development, even if symptoms
are mild. Old age is a well-known risk factor for poor
prognosis in COVID-19-associated pneumonia [5]. A
novel finding is the relationship between diarrhea and
pneumonia development in mild COVID-19 patients.
Diarrhea has been reported as a symptom possibly
observed in respiratory infections caused by coronavi-
rus [18,19]. Several studies have shown that diarrhea in
COVID-19 may be associated with severe disease [2] or
poor prognosis [20]. However, the specific mechanism
involved in the pathogenesis of diarrhea is not fully
understood, and the association with respiratory symp-
toms is unclear [21]. The link between diarrhea and low-
er respiratory infections by SARS-CoV-2 needs to be
evaluated further.
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In addition, household contact was found to be a pos-
sible risk factor for progression to pneumonia in our
univariable analysis. About 20% of people who were in
close contact with COVID-19 patients in a household
developed COVID-19 [22]. This previous study implied
that a higher viral load can be experienced in cases in-
volving household contact. Greater percentages of diar-
rhea have been observed in patients with more severe
COVID-19 infections [2]. In COVID-19 patients with
household contact, more in-depth methods may be
needed to detect pneumonia.

The clinical course of COVID-19 with mild manifes-
tation was observed in this study. In mild COVID-19
patients, more than two-thirds were afebrile and one-
eighth were asymptomatic at the initial clinical presen-
tation. Surprisingly, about 67% of the patients in the
pneumonia group were afebrile and approximately 9%
in the pneumonia group were asymptomatic. Patients
with afebrile or asymptomatic conditions may be in the
initial stage of disease before progression to more se-
vere disease. It was reported that 43.8% of hospitalized
COVID-19 patients did not have fever at admission;
however, 88.7% of them eventually developed fever
during hospitalization [2]. In a previous study of mostly
mild or moderate COVID-19 cases, approximately 10%
progressed to severe or critical disease and were admit-
ted to the intensive care unit [23]. In our study, it appears
that 6 to 10 days from the onset of symptoms, or 2 to 6
days from the date of admission, are the critical peri-
ods of the possible abrupt development of pneumonia.
Therefore, SARS-CoV-2 may replicate most vigorously
during this period of the disease course.

It is questionable whether a novel therapeutic modal-
ity for patients with mild COVID-19 infection is nec-
essary because there was no mortality event. However,
reducing mortality is not the only goal for infectious
disease management. Reducing transmission and pre-
venting new cases are essential for controlling novel in-
fectious disease outbreaks, such as SARS-CoV-2. There-
fore, every confirmed COVID-19 patient in South Korea,
regardless of the disease severity, must be isolated from
the community until negative conversion of viral RNA.
However, whether the time to negative conversion dif-
fers according to disease severity is not yet confirmed. In
general, a higher viral load in severe disease will increase
the time required for viral clearance. In a previous study,
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Table 4. Univariable and multivariable Cox regression analyses to evaluate the probability for prolonged negative conversion

in mild coronavirus disease 2019 patients

Univariable analysis

Multivariable analysis

Variable pvalue pvalue
HR 95% CI HR 95% CI

Age = 65yr 7.97 1.08-5.91 0.042 4.21 0.47-38.05 0.200
Female sex 1.10 0.60-2.02 0.755 - - -
Body mass index = 25 kg/m* 1.09 0.33-3.55 0.887 1.54 0.44-5.38 0.498
Current smoker 135 0.53-3.45 0.535 - - -
Household contact 9.49 1.27-70.82 0.028 434 0.55-34.48 0.165
Hypertension 2.28 0.88-5.87 0.088 1.23 0.36—4.19 0.738
Diabetes mellitus 1.44 0.44—4.69 0.550 - - -
Cardiopulmonary disease 3.80 0.52—28.07 0.190 - - -
Abnormality in sense of smell and taste 0.28 0.14—0.57 < 0.001 0.32 0.15-0.68 0.003
Myalgia 1.09 0.58-2.06 0.782 - - -
Sore throat 1.29 0.70-2.36 0.418 - - -
Cough 1.66 0.90—-3.06 0.102 - - -
Sputum 2.73 1.37-5.47 0.004 1.86 0.88-3.92 0.102
Chest discomfort 1.60 0.49-5.19 0.433 - - -
Dyspnea 4.23 0.58-31.07 0.157 - - -
Fever 1.37 0.72—2.62 0340 - - -
Rhinorrhea or nasal obstruction 0.74 0.39-1.38 0.340 - - -
Diarrhea 2.07 0.91—4.70 0.082 0.93 0.34-2.53 0.881
No symptoms 0.24 0.03-1.79 0.166 - - -
Pneumonia development during hospitalization 2.3 1.20-6.21 0.016 2.90 1.06-7.97 0.039

HR, hazard ratio; CI, confidence interval.

higher viral load and delayed time to negative conver-
sion were identified in severe COVID-19 [24]. However,
other studies have not shown a significant link between
disease severity and viral clearance time [2,25]. In our
study, time to negative conversion was independently
prolonged in patients with mild COVID-19 who devel-
oped pneumonia. A previous study also showed that the
time to negative conversion was longer with respiratory
symptoms, such as chest tightness [25]. Therefore, any
newly discovered COVID-19-specific therapy may be
used in mild COVID-19 patients with pneumonia to fa-
cilitate viral clearance, reduce the duration of isolation,
and use medical resources more efficiently.

In our study, there was no difference in mortality be-
tween the pneumonia and no pneumonia groups, al-
though negative conversion was significantly prolonged
in the pneumonia group. Importantly, oxygen supple-
mentation was required in about 15% of patients with
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COVID-19 in the pneumonia group, but not in the no
pneumonia group. During the disease course, the lung
infiltration on chest radiography can be changed from
invisible lesions such as pure ground glass opacity to
obviously visible lesions such as consolidation [26]. The
risk of respiratory failure was significantly correlated
with the extent of pneumonia infiltration on chest ra-
diography [27]. Therefore, close follow-up with regular
chest X-ray is necessary if the patients with COVID-19
had risk factors for pneumonia development, even
though the severity was mild.

There were several limitations to our study. First, all
the included COVID-19 patients with mild manifes-
tation at diagnosis were hospitalized with close moni-
toring rather than self-isolation, and none died. Hos-
pitalization enables early detection and management of
clinical problems and may impact the clinical course of
the included COVID-19 patients. Therefore, our results

https://doi.org/10.3904/kjim.2020.329


www.kjim.org

Lee HW, et al. Pneumonia in mild COVID-19

cannot be generalized to COVID-19 patients with mild
manifestations who are not hospitalized and self-isolat-
ed at home. Secondly, all COVID-19 pneumonia cases
were radiologically diagnosed on chest radiography.
Chest X-ray based diagnosis is insensitive to mild or
early COVID-19 pneumonia [2]. Several cases of ear-
ly COVID-19 pneumonia were detected on chest CT;
however, were not visible on chest X-ray, which may be
an important cause of asymptomatic infection [28,29].
Therefore, the number of cases of pneumonia develop-
ment in mild COVID-19 may be underestimated in our
study. However, since there was no death reported from
pneumonia due to COVID-19, our study suggests that
chest radiography might be sufficient to detect clinical-
ly meaningful pneumonia in COVID-19 management.
Third, since this study was conducted retrospectively
with a small number of patients, it was difficult to eval-
uate whether there was a difference in time to negative
conversion according to various treatments in the pa-
tients with COVID-19 who developed pneumonia. On-
going, randomized controlled studies on COVID-19
treatments will shed light on this limitation.

In conclusion, the development of pneumonia can
prolong the time to negative conversion of viral RNA,
even in patients with mild COVID-19. COVID-19 pa-
tients in older age or with diarrhea may need to be
closely monitored, given the increased risk of develop-
ing pneumonia.

KEY MESSAGE

1. Among mild coronavirus disease 2019 (COVID-
19) patients, 26.8% developed chest X-ray based
pneumonia after a median of 8.0 days after the
onset of symptoms and 3.5 days of hospitalization.

2. Newly developed pneumonia in patients with
mild COVID-19 was independently associated
with prolonged time to negative conversion of’
viral RNA.

3. Mild COVID-19 patients with high-risk factors
for pneumonia development, such as old age or
diarrhea, may require closer observation to de-
tect the need for oxygen supplementation.
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