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Abstract. – OBJECTIVE: To explore the dif-
ferent clinical and CT features distinguishing 
COVID-19 from H1N1 influenza pneumonia. 

PATIENTS AND METHODS: We compared 
two independent cohorts of COVID-19 pneu-
monia (n=405) and H1N1 influenza pneumonia 
(n=78), retrospectively. All patients were con-
firmed by RT-PCR. Four hundred and five cases 
of COVID-19 pneumonia were confirmed in nine 
hospitals of Zhejiang province, China from Jan-
uary 21 to February 20, 2020. Seventy-eight cas-
es of H1N1 influenza pneumonia were confirmed 
in our hospital from January 1, 2017 to February 
29, 2020. Their clinical manifestations, laborato-
ry test results, and CT imaging characteristics 
were compared. 

RESULTS: COVID-19 pneumonia patients 
showed less proportions of underlying dis-
eases, fever and respiratory symptoms than 
those of H1N1 pneumonia patients (p<0.01). 
White blood cell count, neutrophilic granulocyte 
percentage, C-reactive protein, procalcitonin, 
D-Dimer, and lactate dehydrogenase in H1N1 
pneumonia patients were higher than those of 
COVID-19 pneumonia patients (p<0.05). H1N1 
pneumonia was often symmetrically located in 
the dorsal part of inferior lung lobes, while 
COVID-19 pneumonia was unusually showed 
as a peripheral but non-specific lobe distribu-
tion. Ground glass opacity was more common 
in COVID-19 pneumonia and consolidation le-
sions were more common in H1N1 pneumonia 
(p<0.01). COVID-19 pneumonia lesions showed 

a relatively clear margin compared with H1N1 
pneumonia. Crazy-paving pattern, thickening 
vessels, reversed halo sign and early fibrotic le-
sions were more common in COVID-19 pneumo-
nia than H1N1 pneumonia (p<0.05). Pleural ef-
fusion in COVID-19 pneumonia was significant-
ly less common than H1N1 pneumonia (p<0.01).

CONCLUSIONS: Compared with H1N1 pneu-
monia in Zhejiang, China, the clinical manifes-
tations of COVID-19 pneumonia were more con-
cealed with less underlying diseases and slight-
er respiratory symptoms. The more common CT 
manifestations of COVID-19 pneumonia includ-
ed ground glass opacity with a relatively clear 
margin, crazy-paving pattern, thickening ves-
sels, reversed halo sign, and early fibrotic le-
sions, while the less common CT manifestations 
of COVID-19 pneumonia included consolidation 
and pleural effusion.
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Abbreviations

COVID-19 = Coronavirus disease 2019; WHO = World 
Health Organization; SARS = Severe acute respiratory 
syndrome; MERS = Middle East respiratory syndrome; 
RT-PCR = Real-time polymerase chain reaction; RNA = 
Ribonucleic acid; CT = Computed tomography; GGO = 
Ground glass opacity.
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Introduction

Since the outbreak of Coronavirus Disease 
2019 (COVID-19) in Wuhan, Hubei, China, in 
December 2019, it has almost spread all over 
the world now. As of November 10, 2020, World 
Health Organization (WHO) reported that more 
than 50,000,000 patients had been confirmed 
cumulatively and the total number of deaths has 
exceeded 1,250,000 patients in eleven months1. 
The person-to-person infectivity of COVID-19 is 
very strong. According to some studies2-3, the R0 
of COVID-19 was between 2.0 and 3.5 in the ear-
ly stage of disease prevalence, which was higher 
than Severe Acute Respiratory Syndrome (SARS), 
Middle East Respiratory Syndrome (MERS) and 
H1N1 influenza pneumonia. Therefore, early de-
tection, diagnosis, and isolation of COVID-19 pa-
tients are very important. Although the diagnosis 
of COVID-19 must be confirmed by the novel 
coronavirus ribonucleic acid (RNA) positive of 
Real-time polymerase chain reaction (RT-PCR) 
test, in the early days of COVID-19 pandemic 
in China, the initial RT-PCR test reported only 
about 59%-83% positive among those final con-
firmed patients with many times testing4-6. There 
were some patients admitted in the hospitals 
with typical imaging features of COVID-19, but 
the RT-PCR test results were negative, most of 
which were eventually confirmed as COVID-19 
by multiple RT-PCR tests. This is due to the fact 
that the accuracy of the RT-PCR test is depen-
dent on the time of infection, samples, sampling 
method, quality of reagent and interpretation4-5. 
Thus, when RT-PCR test negative patients had 
typical imaging features of COVID-19, RT-PCR 
tests should be repeated. The distribution, shape, 
density, bronchial and vascular manifestations 
of COVID-19 lesions in chest CT have some 
characteristic, but not specific7-14. Therefore, it 
is necessary to make a differential diagnosis to 
distinguish COVID-19 from other lung infections 
with similar CT manifestations. Correct CT diag-
nosis of COVID-19 is important for the clinical 
management of COVID-19 patients timely. 

Bacterial pneumonia, fungal pneumonia, and 
tuberculosis are relatively easier to differentiate 
with COVID-19, so the main differential diagno-
sis of respiratory infections is other viral pneu-
monia, especially H1N1 influenza pneumonia. 
This is due to the fact that the H1N1 influenza 
pneumonia is the most common viral pneumonia 
in winter and spring seasons, which share simi-
lar etiologies and occur in the same season with 

COVID-1915. Since the outbreak of H1N1 influen-
za from Mexico in March 2009, it has also spread 
to worldwide rapidly, and often reoccurred in 
many countries in the winter and spring seasons. 
From September 2019 to March 2020, it was re-
ported that more than 170,000 influenza pneumo-
nia patients were diagnosed in the United States, 
more than half of whom had been infected with 
the H1N1 influenza virus16. The H1N1 influenza 
pneumonia has also intermittently reoccurred in 
China since 2009. Although the mortality of 
COVID-19 is similar or slightly less than that of 
H1N1 influenza pneumonia, but the infectivity of 
COVID-19 is notably stronger than H1N1 influ-
enza2,3. It remains largely unknown about the dif-
ferential diagnosis between COVID-19 pneumo-
nia and H1N1 pneumonia using clinical and CT 
manifestations. Early distinguishing COVID-19 
from H1N1 influenza pneumonia through clinical 
and CT manifestations can promote early RT-
PCR test, early diagnosis, and early isolation of 
COVID-19 patients. Therefore, the aim of this 
study was to explore the different clinical and CT 
features distinguishing COVID-19 from H1N1 
influenza pneumonia.

Patients and Methods

Patients
This was a retrospective case-control study. All 

405 (88.2%) CT positive cases of the COVID-19 
pneumonia were derived from 459 cases of 
COVID-19 patients confirmed by RT-PCR ri-
bonucleic acid tests and were hospitalized in 
nine hospitals of Zhejiang province, China from 
January 16 to February 20, 2020. All 78 (15.5%) 
CT positive cases of H1N1 pneumonia were de-
rived from 503 cases of H1N1 influenza patients 
confirmed by RT-PCR ribonucleic acid tests and 
were hospitalized in one hospital from January 1, 
2017 to February 29, 2020. The Ethics Commit-
tees of all eight hospitals approved the collection 
of clinical and image data from the included 
patients with COVID-19 or H1N1 pneumonia, 
respectively. 

Demographic, clinical data and laboratory tests 
of the patients were recorded in an electronic case 
report form, including age, gender, underlying 
diseases, complication, clinical symptoms (fe-
ver, headache, muscle pain, fatigue, rhinorrhoea, 
pharyngalgia, cough, sputum, hemoptysis, chest 
distress, dyspnea, nausea, vomiting, and diar-
rhea), signs (body temperature, respiratory rate, 
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heart rate, and blood pressure), laboratory tests 
(blood routine test, PaO2, SaO2, D-Dimer, C-reac-
tive protein, procalcitonin, biochemical tests, and 
RT-PCR viral Ribonucleic acid tests). 

CT Image Acquisition and Assessment
All CT examinations were performed using 

16-slice to 128-slice CT scanners of different 
manufacturers, including Siemens, GE, and 
Toshiba. On the other hand, patients underwent 
CT performed with suspended end-inspiration 
and without IV contrast medium, in the supine 
position. The CT parameters were as follows: 
voltage, 120 kV; tube current, 140 mA; collimator 
width, 0.75 mm. CT images were reconstructed 
for 1.5-2.5 mm section thickness at a window 
width of 1400 to 1600 HU and level of -400 to 
-600 HU for lung parenchyma, and 5.0 mm sec-
tion thickness at a window width of 300 to 500 
HU and level of 30 to 50 HU for the mediastinum.

Two chest radiologists with 6 and 20 years 
of experience in thoracic imaging diagnosis re-
viewed the images of all patients independently. 
Each radiologist was blinded to demographic 
information and laboratory test results of all 
patients. The discrepancies were resolved by dis-
cussion. CT images were evaluated for lesions 
distribution (subpleural, bronchovascular bundle, 
diffuse, the dorsal or anterior part of the lobe), 
lobe predomination (superior lobe, inferior lobe, 
middle lobe, and balanced predomination), le-
sions density (pGGO, GGO mainly and consol-
idation mainly), lesions margin (clear or vague), 
CT sign of lesions (paving stone sign, air bron-

chogram sign, nodular leision, halo sign, reversed 
halo sign, thickening vessels, and early fibrot-
ic lesions), complications (pleural effusion and 
pneumothorax). 

Statistical Analysis
Data analysis was performed using SPSS 23.0 

software (IBM Corp, Armonk, NY, USA). The 
count data were expressed as a percentage, and 
measurement data were expressed as median 
values. The t-test was used to compare the dif-
ferences between the two cohorts for continuous 
variables, and the Chi-squared (χ2) test was used 
to compare the categorical variables of the two 
cohorts. All of the p-values less than 0.05 were 
considered statistically significant.

Results

Clinical Manifestations and Laboratory 
Test Results

The demographic characteristics of COVID-19 
pneumonia and H1N1 pneumonia patients are 
shown in Table I. 

The median age of COVID-19 pneumonia pa-
tients was 46.3±13.6 years old, which was sig-
nificantly younger than that of H1N1 patients 
(59.1±16.9 years old, p<0.01). The proportion of 
males in COVID-19 pneumonia patients was 
51.6%, which was not significantly different from 
that of H1N1 pneumonia patients (57.7%, p=0.185). 
24.7% of COVID-19 and 71.8% of H1N1 pneumo-

Table I. Demographic characteristics of COVID-19 pneumonia and H1N1 pneumonia patients.

 COVID (n = 405) H1N1 (n = 78) p-value

Age (years)  46.3 ± 13.6 59.1 ± 16.9 < 0.001
Male (%) 209 (51.6%) 45 (57.7%) 0.185
Underlying diseases 100 (24.7%) 56 (71.8%) < 0.001
Chronic bronchopathy 5 (1.2%) 6 (7.7%) 0.008
Interstitial lung disease 2 (0.5%) 5 (6.4%) < 0.001
Pregnancy 0 (0.0%) 2 (2.6%) 0.008
Hypertension 53 (13.1%) 19 (11.5%) 0.453
Cardiovascular disease 5 (1.2%) 4 (5.1%) 0.025
Cardiac insufficiency 1 (0.2%) 7 (9.0%) < 0.001
Digestive system diseases 8 (2.0%) 10 (12.8%) 0.003
Diabetes 33 (8.1%) 12 (15.4%) 0.035
Arthritis 0 (0.0%) 2 (2.6%) 0.025
Chronic kidney failure 0 (0.0%) 6 (7.7%) 0.005
Neural system diseases 1 (0.2%) 5 (6.4%) 0.006
Malignant tumor 10 (2.5%) 7 (9.0%) 0.007
Hospital stay (days) 15.5 ± 11.2 13.5 ± 10.6 0.085
Severe type (%) 81 (20.0%) 41 (52.6%) 0.025
In-hospital mortality (%) 0 (0.0%) 17 (21.8%) < 0.001
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nia patients had underlying diseases, including 
chronic bronchopathy (1.2% vs. 7.7%), interstitial 
lung disease (0.5% vs. 6.4%), pregnancy (0.0% 
vs. 2.6%), hypertension (13.1% vs. 11.5%), cardio-
vascular disease (1.2% vs. 5.1%), cardiac insuffi-
ciency (0.2% vs. 9.0%), digestive system diseases 
(2.0% vs. 12.8%), diabetes mellitus (8.1% vs. 
15.4%), arthritis (0.0% vs. 2.6%), chronic kidney 
failure (0.0% vs. 7.7%), neural system diseas-
es (0.2% vs. 6.4%), malignant tumor (2.5% vs. 
9.0%), respectively. The incidence rate of under-
lying diseases in H1N1 pneumonia patients was 
significantly higher than that of COVID-19 pneu-
monia patients. The severe pneumonia rate of 
H1N1 pneumonia patients was 52.6%, which was 
significantly higher than that of COVID-19 pneu-
monia patients (20.0%, p<0.01). The in-hospital 
mortality was 21.8% in H1N1 pneumonia patients 
and 3.4% in all 503 cases of H1N1 patients, which 
was significantly higher than that of COVID-19 
pneumonia patients (0.0%, p<0.01) (Table I).

Clinical manifestations of COVID-19 pneu-
monia and H1N1 pneumonia patients are shown 
in Table II.

9.9% of COVID-19 pneumonia patients were 
asymptomatic, which was significantly higher 
than that of H1N1 pneumonia patients (0.0%, 
p<0.01). The clinical symptoms of fever, cough, 
sputum, hemoptysis, rhinorrhoea, chest dis-
tress and dyspnea in H1N1 pneumonia patients 
was significantly higher than that of COVID-19 
pneumonia (p<0.05), whose incidence rate were 
93.6%, 76.9%, 28.2%, 5.1%, 6.4%, 19.2% in 
H1N1 pneumonia patients and 64.2%, 44.2%, 

13.6%, 0.0%, 2.0%, 5.7% in COVID-19 pneumo-
nia patients, respectively. The clinical symptoms 
of diarrhea in COVID-19 pneumonia patients 
were significantly higher than that of H1N1 pneu-
monia patients (p<0.05), whose incidence rate 
was 4.2% in COVID-19 pneumonia patients and 
1.3% in H1N1 pneumonia patients, respectively. 
The clinical symptoms of headache, pharyngal-
gia, muscle pain, fatigue, nausea, and vomiting 
in COVID-19 and H1N1 pneumonia patients were 
no significantly different (p>0.05). Respiratory 
rate and heart rate in H1N1 pneumonia patients 
were higher than that of COVID-19 pneumonia 
(p<0.05), meanwhile the PaO2 and SaO2 in H1N1 
pneumonia patients were significantly lower than 
that of COVID-19 pneumonia patients (p<0.05) 
(Table II).

Laboratory tests at admission of COVID-19 
pneumonia and H1N1 pneumonia patients are 
shown in Table III.

White blood cell count increased (>10×109/L) 
in 15.4% of H1N1 pneumonia patients, which 
was significantly higher than that of COVID-19 
pneumonia patients (3.2%, p<0.01). The neutro-
phil percentage increased (>70.0%) in 32.6% of 
COVID-19 patients and 38.4% of H1N1 pneumo-
nia patients, respectively, and was not significant-
ly different (p=0.235). Lymphocyte percentage 
decreased (<20.0%) in 33.1% of COVID-19 pneu-
monia patients and 37.2% of H1N1 pneumonia 
patients, which was also not significantly differ-
ent (p=0.183). The increasing rate of D-Dimer, 
C-reactive protein, Procalcitonin, blood glucose, 
Creatine kinase and Lactate dehydrogenase in 

Table II. Clinical manifestations of COVID-19 pneumonia and H1N1 pneumonia patients.

 COVID (n = 405) H1N1 (n = 78) p-value

Asymptomatic 40 (9.9%) 0 (0%) < 0.001
Fever 260 (64.2%) 73 (93.6%) < 0.001
Highest temperature (°C) 38.0 ± 1.0 38.9 ± 1.4 0.035
Cough 179 (44.2%) 60 (76.9%) < 0.001
Sputum 55 (13.6%) 22 (28.2%) 0.012
Hemoptysis 0 (0%) 4 (5.1%) < 0.001
Rhinorrhoea 8 (2.0%) 5 (6.4%) 0.035
Pharyngalgia 34 (8.4%) 5 (6.4%) 0.235
Headache 16 (4.0%) 3 (3.8%) 0.358
Muscle pain and Fatigue 26 (6.4%) 7 (9.0%) 0.057
Chest distress and Dyspnea 23 (5.7%) 15 (19.2%) 0.002
Nausea and vomiting 5 (1.2%) 1 (1.3%) 0.572
Diarrhea 17 (4.2%) 1 (1.3%) 0.025
Respiratory rate (times per minute) 20.1 ± 3.2 23.0±4.5 0.045
Heart rate (beats per minute) 75.2 ± 12.5 83.5 ± 15.5 0.017
PaO2 (kpa, range 80-100) 92.5 ± 7.1 85.6 ± 7.8 0.015
SaO2 (range ≥ 95%) (93.5 ± 6.5)% (87.2 ± 5.4)% 0.013
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H1N1 pneumonia patients were all significantly 
higher than those in COVID-19 pneumonia pa-
tients (91.0% vs. 32.6%, 71.8% vs. 48.1%, 38.5% 
vs. 12.3%, 32.1% vs. 18.5%, 15.4% vs. 8.6%, and 
43.6% vs. 32.1%, respectively (p<0.05 for each). 
Both COVID-19 and H1N1 pneumonia patients 
showed a decrease of hemoglobin, an increase of 
ALT and AST, which were no significantly differ-
ent (p>0.05 for each) (Table III).

CT Image Findings
The chest CT imaging characteristics of 

COVID-19 pneumonia and H1N1 pneumonia pa-
tients are shown in Table IV. 

A satisfactory interobserver agreement was 
obtained between the two radiologists (all Co-
hen κ coefficient > 0.8). 85.1% of COVID-19 
pneumonia lesions and 83.3% of H1N1 pneu-
monia lesions distributed under pleura or along 
bronchovascular bundle (Figures 1 and 2), which 
was not significantly different (p=0.676). Both 
COVID-19 and H1N1 pneumonia lesions were 
common in the inferior lobe of bilateral lungs, 
but H1N1 pneumonia was more symmetrically 
located in the dorsal part of inferior lung lobes 
(Figure 2B, D, E), while COVID-19 pneumonia 
showed a more non-specific lobe distribution. 

H1N1 pneumonia showed more diffusely distrib-
uted lesions (involved five lobes and more than 
50% of total lung area) than COVID-19 pneu-
monia (35.9% vs. 14.8% p<0.01). The density of 
COVID-19 and H1N1 pneumonia in chest CT 
images showed pure ground glass opacity (24.5% 
vs. 12.8%), mixed ground glass opacity (63.2% 
vs. 52.6%), and consolidation (12.3% vs. 34.6%), 
respectively. Ground glass opacity was more 
common in COVID-19 pneumonia, and consoli-
dation lesions were more common in H1N1 pneu-
monia (p<0.01). Most COVID-19 lesions showed 
a relatively clear margin compared with H1N1 
pneumonia (38.7% vs. 14.1% p<0.01). The rate of 
crazy-paving pattern (Figure 1A, 1B), thickening 
vessel (Figure 1E), reversed halo sign (Figure 1F), 
and early fibrotic lesion of COVID-19 pneumonia 
CT image were 45.7%, 18.5%, 43.4%, and 22.5%, 
respectively, which were significantly higher than 
those of H1N1 pneumonia patients (24.4%, 5.1%, 
20.5%, and 6.4%, p<0.01). The rate of nodular 
lesion and air bronchogram sign in COVID-19 
pneumonia and H1N1 pneumonia were no sig-
nificantly different (25.7% vs. 12.8%, 44.9% vs. 
40.3%, p>0.05 for each). The rate of pleural ef-
fusion and pneumothorax in H1N1 pneumonia 
(Figure 2F) was 59.0% and 7.7%, which were sig-

Table III. Laboratory test results at admission of COVID-19 pneumonia and H1N1 pneumonia patients.

 COVID (n = 350) H1N1 (n = 78) p-value

Blood routine test   
White blood cell count (×109/L)   
  < 4.0×109/L 118 (29.1%) 10 (12.8%) 0.017
  4-10×109/L 274 (67.7%) 56 (71.8%) 0.450
  > 10×109/L 13 (3.2%) 12 (15.4%) < 0.001
Neutrophil percentage (%)
   <50% 60 (14.8%) 29 (37.2%) 0.183
  50-70% 213 (52.6%) 41 (52.6%) 0.225
  > 70% 132 (32.6%) 8 (10.2%) 0.625
Lymphocyte percentage (%)
  < 20% 134 (33.1%) 39 (50.1%) 0.034
  20-40% 230 (56.8%) 36 (46.1%) 0.125
   > 40% 41 (10.1%) 3 (3.8%) 0.024
Hemoglobin (g/L) 100.5 ± 8.3 95.4 ± 7.0 0.085
Platelet (×109/L) 185.6 ± 15.7 165.5 ± 14.3 0.235
D-Dimer > 500 ng/ml  132 (32.6%) 71 (91.0%) < 0.001
C-reactive protein (> 10 mg/dl) 195 (48.1%) 56 (71.8%) < 0.001
Procalcitonin (> 0.5 ng/ml) 50 (12.3%) 30 (38.5%) < 0.001
Biochemical test   
A/G ratio < 1.5 265 (65.4%) 63 (80.8%) 0.048
Blood glucose > 6.1 mmol/L 75 (18.5%) 25 (32.1%) 0.007
ALT > 40 U/L 104 (25.7%) 25 (32.1%) 0.231
AST > 40 U/L 63 (15.6%) 14 (17.9%) 0.215
Creatine kinase > 200 U/L 35 (8.6%) 12 (15.4%) 0.009
Lactate dehydrogenase > 250 U/L 130 (32.1%) 34 (43.6%) 0.015
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nificantly higher than those of COVID-19 pneu-
monia (1.7%, 0.0%, p<0.01) (Table IV).

Discussion

Viruses are the most common cause of com-
munity-acquired pneumonia in winter and spring 
seasons. Both H1N1 influenza A virus and coro-
navirus have caused several pandemics world-
wide. The outbreak of COVID-19 began in De-
cember 2019, which also corresponded with the 
flu season (especially those in areas including the 
United States), whose epidemiological character-
istics, clinical and imaging manifestations were 
somewhat similar17-25. Hence, in the early stage 
of the COVID-19 epidemic, it is maybe misdi-
agnosed as H1N1 pneumonia. But COVID-19 
is far more contagious than the H1N1 influenza 
A virus2-3. So, it is necessary to distinguish the 
differences of the two infectious diseases by com-
bining their CT manifestations with demograph-
ic, clinical manifestations and laboratory tests26. 

The results of the present study showed that 
the average age of COVID-19 pneumonia pa-
tients was younger than that of H1N1 pneumo-

nia patients and was consistent with previous 
studies7,8,14,18,28,29. The gender ratio of COVID-19 
and H1N1 pneumonia patients was similar in 
our investigation, which has been reported in-
consistently in most of the previous reports7-30, 
so it has no differential diagnostic value for 
COVID-19 and H1N1 pneumonia. We found that 
H1N1 pneumonia patients showed higher pro-
portions of underlying diseases than COVID-19 
pneumonia patients (71.8% vs. 24.7%), including 
chronic bronchopathy, interstitial lung disease, 
pregnancy, hypertension, cardiovascular disease, 
cardiac insufficiency, digestive system diseases, 
diabetes, arthritis, chronic kidney failure, neural 
system diseases, and malignant tumor. This is 
due to the fact that some patients of COVID-19 
were imported cases from Hubei province, who 
were younger with less underlying diseases than 
indigenous cases.

The results of our research showed that fever 
and respiratory symptoms (cough, sputum, he-
moptysis, rhinorrhoea, chest distress, and dys-
pnea) were more common in H1N1 pneumonia 
patients than COVID-19 pneumonia patients, and 
9.9% of COVID-19 pneumonia patients were 
asymptomatic. It indicated that the clinical man-

Table IV. CT characteristics of COVID-19 pneumonia and H1N1 pneumonia.

 COVID (n = 405) H1N1 (n = 78) p-value

The density of lesions   
Pure ground glass opacity (%) 99 (24.5%) 10 (12.8%) < 0.001
Ground glass opacity mainly (%) 256 (63.2%) 41 (52.6%) 0.257
Consolidation mainly (%) 50 (12.3%) 27 (34.6%) < 0.001
The distribution of lesions   
Subpleural or bronchovascular bundle 345 (85.1%) 65 (83.3%) 0.676
Diffuse (involve five lobes) 60 (14.8%) 28 (35.9%) < 0.001
Superior lobe of right lung 224 (55.4%) 63 (80.8%) 0.125
Middle lobe of right lung 185 (45.8%) 53 (67.9%) 0.214
Inferior lobe of right lung 296 (73.1%) 71 (91.0%) 0.852
Superior lobe of left lung 235 (58.0%) 58 (74.4%) 0.231
Inferior lobe of left lung 290 (71.5%) 71 (91.0%) 0.124
Dorsal part of the lobe 347 (85.7%) 74 (94.9%) 0.012
Anterior of the lobe 145 (35.8%) 21 (26.9%) 0.015
Lesions margin   
Clear (%) 158 (38.7%) 11 (14.1%) < 0.001
The CT sign of lung lesions   
Crazy-paving pattern 185 (45.7%) 19 (24.4%) < 0.001
Air bronchogram sign 164 (40.3%) 35 (44.9%) 0.158
Nodular lesion  90 (25.7%) 10 (12.8%) 0.061
Halo sign 28 (8.0%) 6 (7.7%) 0.358
Reversed halo sign 65 (18.5%) 4 (5.1%) 0.012
Thickening vessels in lesion 175 (43.4%) 16 (20.5%) < 0.001
Early fibrotic lesions 91 (22.5%) 5 (6.4%) 0.001
Chest complications   
Pleural effusion 7 (1.7%) 46 (59.0%) < 0.001
Pneumothorax 0 (0%) 6 (7.7%) < 0.001
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ifestations of COVID-19 pneumonia is more 
concealed. Meanwhile, we showed that showed 
white blood cell count, neutrophilic granulocyte 
percentage, C-reactive protein, procalcitonin, 

lactate dehydrogenase, and D-Dimer in H1N1 
pneumonia patients were higher than those of 
COVID-19 patients, which was consistent with 
previous studies27-31. 

D

FE

A

C

B

Figure 1. CT features of COVID-19 pneumonia. A, GGO of peripheral distribution with reticular crazy-paving pattern and 
clear margin in both inferior lobes. B, GGO distributing along bronchovascular bundle. C, Nodular GGO in both inferior 
lobes. D, Solid nodular lesions with halo sign in right inferior lobe. E, Thickening vessels in GGO lesions of left superior lobe. 
F, Reversed halo sign in right superior lobe. 
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We discovered that most of COVID-19 and 
H1N1 pneumonia lesions were distributed under 
pleura or along bronchovascular bundle, which 
was no significantly different. Both COVID-19 

and H1N1 pneumonia lesions were common in 
the inferior lobe of bilateral lungs, but H1N1 
pneumonia were more symmetrically located 
in the dorsal part of inferior lung lobes than 

Figure 2. CT features of H1N1 influenza pneumonia. A, GGO of peripheral distribution with reticular crazy-paving pattern 
and vague margin. B, Subpleural consolidation of both inferior lobes. C, Large patchy GGO with consolidation and right pleural 
effusion. D, Bilateral large patchy consolidation with air bronchogram sign. E and F, Bilateral large patchy consolidation with 
air bronchogram sign and pleural effusion.
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COVID-19 pneumonia. The previous studies7,8,10,11 
reported that 77.4%-97.0% lesions of COVID-19 
pneumonia distributed under pleura, which were 
consistent with the previous studies about the dis-
tribution of H1N1 pneumonia21-24. In our investi-
gation, H1N1 pneumonia showed more diffusely 
distributed lesions than COVID-19 pneumonia, 
and Ground glass opacity was more common in 
COVID-19 pneumonia and consolidation lesions 
were more common in H1N1 pneumonia. Be-
cause the rate of severe cases of H1N1 pneumonia 
was more than COVID-19 pneumonia in Zheji-
ang province, and similar studies27-31 were report-
ed outside of Hubei province, China. Koo et al21 
reported typical CT findings of H1N1 pneumonia 
were diffuse or patchy GGO with focal areas 
of consolidation and were usually located in 
the lower lobes, which was consistent with our 
study. COVID-19 pneumonia lesions margin was 
relatively clear compared with H1N1 pneumonia. 
Wang et al29 reported that the rate of clear margin 
of COVID-19 pneumonia was higher than that of 
H1N1 pneumonia (46.2% vs. 10.9%), which was 
consistent with our study.

The results of the present study showed that 
crazy-paving pattern, thickening vessels, re-
versed halo sign and early fibrotic lesions were 
more common in COVID-19 pneumonia than 
H1N1 pneumonia. Yin et al31 reported that the 
rate of crazy-paving pattern of COVID-19 pneu-
monia was significantly higher than that of H1N1 
pneumonia (60.0% vs. 30.0%), which might be 
a clue in the differential diagnosis. Yin et al31 
reported that the rate of thickening vessels of 
COVID-19 pneumonia was higher than that of 
H1N1 pneumonia (93.3% vs. 66.7%). Bai et al28 
reported an even bigger difference between them 
(59.0% vs. 22.0%), which might also be a clue in 
the differential diagnosis. Our study showed that 
consolidation and pleural effusion in COVID-19 
pneumonia was significantly less common than 
H1N1 pneumonia. These previous studies7,14,29 re-
ported that COVID-19 pneumonia almost showed 
Ground glass opacity or Ground glass opacity 
combined with consolidation, rarely full consol-
idation lesions, which was consistent with our 
study. The rate of pleural effusion in COVID-19 
pneumonia is about 0%-13.3% in the previous 
reports7,10-12,28,30,31. Bai et al28 reported that the 
rate of pleural effusion in viral pneumonia was 
39.0%. Liu et al30 reported that the rate of pleural 
effusion in influenza pneumonia was 31.0%. Yin 
et al31 reported that the rate of pleural effusion 
in H1N1 pneumonia was 53.3%. Our findings 

and previous studies21-31 indicated that pleural 
effusion is rare in COVID-19 pneumonia and is 
common in H1N1 pneumonia, which is helpful in 
the differential diagnosis.

Conclusions

Although COVID-19 and H1N1 pneumonia 
have some similar clinical and CT manifesta-
tions, there were more different clinical and CT 
manifestations between them in Zhejiang, China. 
Compared with H1N1 pneumonia, the clinical 
manifestations of COVID-19 pneumonia were 
more concealed with less underlying diseases and 
slighter respiratory symptoms. The CT manifes-
tations of COVID-19 pneumonia showed more 
Ground glass opacity with a relative clear margin, 
crazy-paving pattern, thickening vessels, reversed 
halo sign and early fibrotic lesions, less common 
consolidation lesions, and pleural effusion. Com-
bining their different clinical and CT features 
is helpful to distinguish COVID-19 pneumonia 
from H1N1 pneumonia. Recognizing the clinical 
and CT features of COVID-19 pneumonia is very 
important for physicians and radiologists, espe-
cially when the patients haven’t tested RT-PCR or 
the initial RT-PCR are negative. 
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