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Abstract

Objectives
This study aimed to explore useful clinical indexes for management of severe/critically ill patients with
COVID-19, In�uenza A H7N9 and H1N1 pneumonia by comparing hematological and radiological
characteristics between them.

Methods
Severe/critically ill patients with con�rmed diagnosis of COVID-19, In�uenza A H7N9 and H1N1
pneumonia were retrospectively enrolled. The demographic data, clinical manifestations, hematological
parameters, and radiological characteristics of three groups were compared. The in�uenza A was divided
into two groups with/without patient death.

Results
In this study, 16 cases of COVID-19, 10 cases of in�uenza A (H7N9), and 13 cases of in�uenza A (H1N1)
who met severe/critically ill criteria were included. Compared with COVID-19, the In�uenza A (H7N9 and
H1N1) groups had relatively more chronic diseases (80% and 92.3% vs 25%, P 0.05), higher APACHE 
scores (16.00 ± 8.63 and 15.08 ± 6.24, vs 5.50 ± 2.58, P 0.05) and higher mortality rates (40% and 46.2%
vs 0%, P 0.05). The hematological �nding indicated that In�uenza A H7N9 and H1N1 patients had more
signi�cant lymphocytopenia (0.59 ± 0.31 × 109/L and 0.56 ± 0.35 × 109/L vs 0.97 ± 0.33 × 109/L, P < 
0.05), elevated neutrophil to lymphocyte ratio (NLR; 14.67 ± 6.10 and 14.64 ± 10.36 vs 6.29 ± 3.72, P < 
0.05) compared to COVID-19. Especially in in�uenza A patients, NLR was signi�cant different between
the patients with or without death. Compared with the H7N9 group, ground glass opacity (GGO) on chest
CT was more common in the COVID-19 group (P = 0.028), while pleural effusion was relatively rare (P = 
0.001).

Conclusion
Compared to COVID-19, patients with In�uenza A (H7N9 and H1N1) had more underlying chronic
diseases and higher mortality rates. The NLR can be used as a clinical parameter for the predication of
risk strati�cation and outcome in COVID-19 and In�uenza A pneumonia. Manifestations of pleural
effusion or GGO in chest CT may be helpful for the identi�cation of different viral pneumonia.

Introduction
In December 2019, a cluster pneumonia cases of unknown cause attacked Wuhan city in China. The
pathogen was later identi�ed to be a previously unknown beta coronavirus severe acute respiratory
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syndrome coronavirus 2 (SARS-CoV-2) [1]. The World Health Organization (WHO) denominated the new
disease as coronavirus disease 2019 (COVID-19) in February and declared COVID-19 outbreak a
pandemic in March, 2020. Until the October 1, 2020, more than 30 million con�rmed COVID-19 cases
have been reported globally, with more than 1,000,000 patient deaths. Till now there are no speci�c
curative treatments or proven vaccines for COVID-19. In�uenza A virus is another important type of
contagious respiratory pathogen, which has caused several global epidemics in history. The Spanish �u
in 1918 which caused tens of millions of deaths is mostly considered to be a virus closely related to
In�uenza A H1N1. Novel swine-origin in�uenza A (H1N1) virus identi�ed in the United States in 2009 also
caused a global pandemic [2]. In 2013, the novel avian-origin in�uenza A (H7N9) virus isolated in China
had caused a sporadic epidemic, which was characterized by rapid progression and with a high fatality
rate [3, 4].

The con�rmed diagnosis of COVID-19, In�uenza A pneumonia relies on reverse transcription-polymerase
chain reaction (RT-PCR) from a nasopharyngeal swab, which need special laboratory and trained medical
staffs. Hematological and radiological examinations are two basic methods for contagious viral
pneumonias in clinical practice, which have the advantages of availability and short turnout time. In
addition to RT-PCR testing, hematological and radiological examinations can be used for presumptive
diagnosis. Although COVID-19 and In�uenza A pneumonia are caused by two independent pathogens,
there is still possibility that superimposed infection of in�uenza A and SARS-CoV-2 happens in the same
patient [5]. Nevertheless, few study has reported the different clinical features between COVID-19,
In�uenza A H7N9 and H1N1 to date.

In this study, hematological and radiological characteristics of severe/critically ill patients with COVID-19,
In�uenza A (H7N9 and H1N1) pneumonias in Suzhou were analyzed. In this article, we aimed to �nd
useful index for the management of COVID-19, In�uenza A H7N9 and H1N1 patients.

Materials And Methods
Patients

This retrospective study was approved by the Institutional Ethics Committee of the �rst A�liated Hospital
of Soochow University. A total of 39 patients with severe/critically ill COVID-19, In�uenza A H7N9 and
H1N1 pneumonia diagnosed by RT-PCR in pharyngeal specimens in Suzhou center for disease control
and prevention were included. The severe/critically ill COVID-19 patients were enrolled from January 10 to
March 1, 2020. The severe/critically ill in�uenza A H7N9 and H1N1 patients were enrolled from April 03 to
April 30 in 2013 and from November 27 to December 31 in 2009, respectively.

The epidemiological and clinical data, hematological and computed tomography (CT) results of included
patients were collected through medical record system and recorded in a standard case questionnaire.

According to the Chinese guidelines for diagnosis and treatment of novel coronavirus infected
pneumonia (trial version 6), patients who met one of the followings criterion were regarded as
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severe/critically ill cases: 1) respiratory rate ≥ 30 bpm; 2) oxygen saturation ≤ 93%; 3) arterial partial
pressure of oxygen (PaO2) / fraction of inspired oxygen (FiO2) <300 mmHg; 4) respiratory failure requires
mechanical ventilation, shock or other organ failure, which requires ICU treatment. And severe/critically ill
H7N9 and H1N1 pneumonia patients all met this criterion. Children were excluded. Two neutropenic
patients with hematological malignancies after chemotherapy in H1N1 group were excluded.

Laboratory examination and hospital treatment

The laboratory examination including complete blood count (CBC) and coagulation panel, were included
for COVID-19, in�uenza A H7N9 and H1N1 patients. In the ICU, patients were managed with intensive
care, which include antivirus, antibiotics, corticosteroids, �uid resuscitation, oxygen support and other
affected vital organs support treatment after multidisciplinary discussions. Appropriate oxygen support
methods, including nasal cannula (NC), high �ow nasal cannula (HFNC), non-invasive ventilation (NIV),
endotracheal intubation invasive mechanical ventilation (MV) and extracorporeal membrane oxygenation
(ECMO) were applied according to the clinical condition.

CT imaging

Patients’ CT images were searched in the picture archiving and communication system (PACS). The �rst
chest CT images after symptom onset were collected for analysis in different patients. Time (days) from
the onset to CT scan were recorded at the same time. Manifestation of CT images in patients included
ground-glass opacity (GGO), consolidation, distribution characteristics, and pleural effusion.

Statistical analysis

The statistical software SPSS 20.0 (IBM, Armonk, NY, USA) was used for data analysis. Continuous data
with normal distribution were presented as mean ± standard deviation and compared using One-way
ANOVA, Kruskal-Wallis test and t-test. Categorical variables were presented as a percentage and assessed
using χ2 test and Fisher’s exact test. Two-sided P 0.05 indicated statistical signi�cance.

Results
Demographics

A total of 16 cases of COVID-19, 10 cases of in�uenza A H7N9, and 13 cases of in�uenza A H1N1 were
included. All of the patients met the aforementioned clinical classi�cation criteria. The basic information
was listed in Table 1. There was a difference in gender between H7N9 and H1N1 group (P = 0.029). The
proportion of patients combined with underlying chronic diseases in H7N9 and H1N1 groups were higher
than that in COVID-19 group (80% vs 25%, P = 0.014 and 92.3% vs 25%, P = 0.000).

The common symptoms in the three groups included fever, cough, expectoration and chest tightness.
Cough was less common in the COVID-19 group than the H1N1 group (62.5% vs 100%, P = 0.020).
Compared to the COVID-19 group, chest tightness was more common in the H7N9 and H1N1 groups
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(12.5% vs 60%, P = 0.026, and 12.5% vs 84.6%, P = 0.000). All patients received antivirus, antibiotics and
corticosteroid therapy routinely.

Besides, the H7N9 and H1N1 groups had higher Acute Physiology and Chronic Health Evaluation
(APACHE)-  scores than the COVID-19 group (16.00 ± 8.63 vs 5.50 ± 2.58, P = 0.001; 15.08 ± 6.24 vs 5.50
± 2.58, P = 0.000). The proportion of mechanical ventilation in H7N9 and H1N1 groups were signi�cantly
higher compared to the COVID-19 group (70% vs 0%, P = 0.000; 61.5% vs 0%, P = 0.000). The application
of vasoactive drugs (50% vs 6.3%, P = 0.018, and 46.2% vs 6.3%, P = 0.026) and continuous renal
replacement therapy (CRRT) (40% vs 0%, P = 0.014, and 38.5% vs 0%, P = 0.011) was more common in
H7N9 and H1N1 groups than the COVID-19 group. Among 16 COVID-19 patients, no one died during the
time of observation, while four patients in the H7N9 group (n = 10) and six patients in the H1N1 group (n
= 13) died during the same period. Above all, there was a difference in mortality between the three groups;
the mortality rate in the COVID-19 group was signi�cantly lower than the H7N9 group (P = 0.014), and the
H1N1 group (P = 0.004).

Hematological examination

The results of complete blood count and coagulation panel on admission of all patients were
summarized in Table 2. Although lymphopenia was detectable in all three groups, it was more
pronounced in the H7N9 (P = 0.008) and H1N1 (P = 0.002) groups. The NLR was higher in the H7N9
group (Fold change = 1.33, P = 0.006) and the H1N1 group (Fold change =1.33, P = 0.003). However,
monocyte count in the COVID-19 group was signi�cantly higher than the other two groups (Fold change =
1.21 and 1.79, P = 0.000). In the coagulation panel, �brinogen level was slightly elevated in the COVID-19
group (Fold change = 0.77, P = 0.001), which was not available in the H7N9 and H1N1 groups.

In the H7N9 and H1N1 groups, patients were evaluated and regrouped according to their survivals. After a
further statistical analysis of their hematological examination, it was found that NLR was signi�cantly
higher in the group with patient death, compared to the group without patient death (Fold change = 0.66,
P =0.033; Table 3).

CT image �ndings

Sixteen cases of COVID-19, 8 cases of H7N9, and 7 cases of H1N1 patients had received chest CT
examinations. In most patients with severe/critically ill viral pneumonia, the lesions dispersed in bilateral
lungs (n = 30). Compared with H7N9 group, GGO was more common in the COVID-19 group (P = 0.028),
while pleural effusion was relatively rare in the COVID-19 group (P = 0.001). From the onset of symptoms
to the �rst CT examination, the days in the COVID-19 group was signi�cantly shorter than the other two
groups (Median: 5.13 ± 3.22 days vs 14.13 ± 10.01 and 16.00 ± 9.15 days, P< 0.05).

Discussion
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The SARS-CoV-2, in�uenza A H7N9 and H1N1 viruses all belong to the RNA viruses, which spread through
the respiratory tract or close contact, and damage multiple organs including the lungs [6]. The RT-PCR is
widely used for the diagnose of patients with SARS-CoV-2 infection. However, the quanti�cation of viral
genomes cannot be used to evaluate the severity of pneumonia when planning management for patients.
Nevertheless, the routine examination of patients with pneumonia through the hematological and
radiological methods help clinicians to assess risk and predict prognosis of patients, which show special
advantage when treating the patients with uncleared etiology. In this article, the clinical parameters of
hematological and radiological examinations were comprehensively compared in between COVID-19 and
H7N9/H1N1 pneumonia, which indicate the different clinical characteristics of the three pneumonia.

In this research, we found the higher proportion of male patients in the H7N9 group, which was similar to
the data from some previous clinical studies, which can be explained by more involvement of males in
poultry breeding and slaughtering [7–9]. By comparison, cough and chest tightness were more common
in the in�uenza groups compared with the COVID-19 group. However, these symptoms belong to the
common symptoms of pneumonia, which are unspeci�c parameters useless for the distinguishing of
different viral pneumonia. Therefore, careful inquiries of epidemiological history and clinical
manifestations may be helpful. Interestingly, our research showed that those symptoms of COVID-19
patients were milder and had better prognosis compared with the in�uenza groups. The patients with
COVID-19 had less underlying chronic disease and lower APACHE II score (within 24 hours) compared
with the in�uenza groups. For this reason, the patients in the COVID-19 group received less life support
treatment, and consequently had lower mortality compared with the in�uenza group. Similar to our
�ndings, a case-control study found that the preexisting comorbidities (hypertension excluded) were
signi�cantly associated with human infection with H7N9 [10]. Moreover, a Spanish study in H1N1
showed that independent factors, including hospital-acquired infection, APACHE II score, underlying
hematological diseases, continuous veno-venous hemo�ltration, and mechanical ventilation were
associated with higher mortality [11]. The COVID-19 group had milder symptoms and better survivals,
which can be explained by the early diagnosis of COVID-19 due to the rapid response of medical system
facing the urgent event [12]. Another explanation for this is the development of molecular medicine and
emergency medicine from the prevalence year of H1N1 pneumonia (2009) to the outbreak of COVID-19
(2020). COVID-19 patients received more advanced testing method of RT-PCR, as well as better intensive
care for critically ill patients, which accounts for the much better prognosis of COVID-19 compared to
H1N1 or H7N9 patients.

Previous observations showed that severe in�uenza A H1N1 infections had marked lymphopenia
detected by hematological examination [13, 14]. Another case report detected more lymphocyte
in�ltration in the lung tissue from an autopsy of H1N1 patients [15]. Clinical studies also reported marked
lymphopenia in patients with H7N9 infection, among which two death cases showed diffuse alveolar
injury with lymphocyte and monocyte in�ltration in percutaneous lung biopsies [7–9]. In the case of
COVID-19, it was reported that hospitalized patients had some extent of lymphopenia, which was even
more obvious in the patients with disease progression [16, 17]. In our study, the lymphopenia was less
obvious in the COVID-19 patients compared with the in�uenza groups, which is in consistent with the
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observations in other studies. A systematic review suggested that peripheral blood leucocyte ratio was an
useful infection parameter for the distinguish of bacterial and viral infection [18]. Given the similar
hemogram of patients with viral infections, a higher NLR was detected in the two in�uenza groups,
especially in the in�uenza groups with patient death. A multi-center retrospective study also reported the
NLR was an independent risk factor for patient survivals in H7N9 pneumonia [4]. A retrospective
observational study found that the NLR was an easily measurable, available, cost-effective and reliable
parameter, which continuous monitoring may be useful for the diagnosis and treatment of COVID-19 [19].
Taken together, these results reveal that the NLR in hematological examination is an important clinical
parameter for the prediction of patient prognosis in the pneumonia caused by viral infections, including
the in�uenza and COVID-19.

A single-center retrospective study of 242 COVID-19 cases with 52 patient death, found that the median
absolute monocyte count was signi�cantly reduced in the death group, while the NLR was signi�cantly
increased in the survival group [20]. In our research, there was no patient death in the COVID-19 group,
with the median monocyte count within the normal range. One study conducted multivariate logistic
regression analysis demonstrated that age, lymphocyte percentage and monocyte count were non-
speci�c laboratory markers predictive for COVID-19 [21]. As a result, the relevance of monocytes in
prediction of severity of COVID-19 demands further research.

Studies had reported that COVID-19 patients had increased D-dimer and �brin/�brinogen degradation
products, while abnormalities in prothrombin time, partial thromboplastin time, and platelet counts were
relatively rare [22, 23]. Three to four-fold increase of D-dimer levels was detected in the early stages of
COVID-19 patients, which was associated with poor prognosis of COVID-19 patients [23]. Measuring the
level of D-dimer and coagulation parameters from the early stage can also be useful in controlling and
managing of COVID-19 disease [23]. Our data also showed that �brinogen was elevated in the COVID-19
group, which suggested an activation of coagulation in the patients. Due to the lack of D-dimer data in
the in�uenza groups, it was impossible to further compare the levels of D-dimer between the COVID-19
and the in�uenza groups.

A retrospective study of 1014 patients, which compared the accuracy between chest CT and RT-PCR in
the diagnosis of potential COVID-19 patients, reported 59% positivity in RT-PCR and 88% positivity in
chest CT, in which the chest CT had 97% accuracy in reference to the results of RT-PCR, which
demonstrated the value of chest CT in diagnosis and monitoring the injury of COVID-19 [24]. Studies
comparing the different manifestations of CT imaging between different viral pneumonia showed that
the COVID-19 had areas of rounded opacity and septal thickening in peripheral regions of lungs, while the
in�uenza A showed diffused distribution of lesions, including multiple nodules and "tree-in-bud" sign [25].
Another study compared the CT feature of H7N9 and H1N1 patients with acute respiratory distress
syndrome (ARDS), which showed common manifestations, such as consolidation, GGO, air bronchogram,
interlobular septal thickening, and nodular shadow, while pleural effusion was more speci�c in H7N9
pneumonia [26]. Compared to those studies, our study showed more GGO in the COVID-19 group, while
pleural effusion was rare in COVID-19 group, but more common in the H7N9 group. The days from the
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onset to �rst CT examination was shorter in the COVID-19 group, due to the active response strategy and
screening of patients with fever or respiratory symptoms in COVID-19, which led to the early diagnosis of
COVID-19 with milder injury in the lungs.

The limitations of this study are the small number of included cases, the long time span, the lack of
comparison of the characteristics in mild cases, and the lack of in�ammatory factors and infection
markers.

Conclusion
In summary, our study revealed that patients with H7N9 and H1N1 had a more critical and complex
condition, which led to more frequent life support treatment and a higher mortality rate in the ICU.
Hematological examination showed slight decrease of lymphocyte, increase of monocyte, and slight
increase of �brinogen in the COVID-19 group compared with the in�uenza groups. The NLR in the
in�uenza groups was signi�cantly increased, especially in the subgroup with patient death. These results
suggest that NLR can be used as an important clinical parameter for the assessment of severity of viral
pneumonia. The manifestation in chest CT showed that pleural effusion and GGO may be helpful for the
identi�cation of COVID-19 from the in�uenza pneumonia.
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Tables
Table 1 Demographic and clinical characteristic of COVID-19, H7N9, H1N1 patients
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  COVID-19

N=16

H7N9

N=10

H1N1

N=13

P

Age (years) 51.8±12.8 62.7±17.8 50.8±18.8 0.177

Sex       0.042*

  Male 10 (62.5%) 9 (90%) 5 (38.5%)  

  Female 6 (37.5%) 1 (10%) 8 (61.5%)  

Chronic diseases 4 (25%) 8 (80%) 12 (92.3%) 0.000*

Hypertension 2 (12.5%) 5 (50%) 5 (38.5%) 0.110

Diabetes 1 (6.3%) 4 (40%) 3 (23.1%) 0.109

Respiratory disease 1 (6.3%) 2 (20%) 4 (30.8%) 0.214

Malignant tumor 0 (0%) 1 (10%) 2 (15.4%) 0.334

Others 2 (12.5%) 3 (30%) 4 (30.8%) 0.441

Symptoms        

  Fever 15 (93.8%) 10 (100%) 13 (100%) 1.000

  Cough 10 (62.5%) 8 (80%) 13 (100%) 0.035*

  Expectoration 7 (43.8%) 6 (60%) 10 (76.9%) 0.232

  Chest tightness 2 (12.5%) 6 (60%) 11 (84.6%) 0.000*

Days from onset to diagnosis (days) 6.1±3.2 8.3±4.6 8.6±4.4 0.208

APACHE II 5.50±2.58 16.00±8.63 15.08±6.24 0.000*

Death 0 (0%) 4 (40%) 6 (46.2%) 0.003*

Treatment        

Antivirus 16 (100%) 10 (100%) 13 (100%)  

Antibiotics 16 (100%) 10 (100%) 13 (100%)  

Corticosteroids 16 (100%) 10 (100%) 13 (100%)  

Nasal cannula 9 (56.3%) 2 (20%) 4 (30.8%) 0.163

High �ow nasal cannula 3 (18.8%) 0 (0%) 0 (0%) 0.106

Noninvasive ventilation 4 (25%) 1 (10%) 1 (7.7%) 0.531

Mechanical ventilation 0 (0%) 7 (70%) 8 (61.5%) 0.000*

ECMO 0 (0%) 2 (20%) 0 (0%) 0.061
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Vasoactive drugs 1 (6.3%) 5 (50%) 6 (46.2%) 0.016*

CRRT 0 (0%) 4 (40%) 5 (38.5%) 0.008*

APACHE II Acute Physiology and Chronic Health Evaluation II, ECMO Extracorporeal Membrane
Oxygenation, CRRT Continuous Renal Replacement Therapy, * P< 0.05.

Table 2 Laboratory examination and chest CT �ndings of COVID-19, H7N9, H1N1 patients

  COVID-19 H7N9 H1N1 P

CBC N=16 N=10 N=13  

  Leukocyte (×109/L) 7.14±3.61 9.03±5.36 7.05±2.82 0.414

  Neutrophil (×109/L) 5.63±3.50 8.17±4.97 6.21±2.81 0.243

  Lymphocyte (×109/L) 0.97±0.33 0.59±0.31 0.56±0.35 0.004 *

  Monocyte (×109/L) 0.53±0.14 0.24±0.23 0.19±0.17 0.000 *

  Hemoglobin (g/L) 135.88±16.46 133.70±19.98 112.23±30.90 0.128

  Platelets (×109/L) 191.69±59.30 157.40±58.24 152.08±82.62 0.249

NLR 6.29±3.72 14.67±6.10 14.64±10.36 0.004 *

Coagulation panel        

  PT (sec) 12.07±0.81 12.51±1.52 11.48±6.69 0.499

  APTT (sec) 24.64±3.32 35.21±26.35 32.71±21.09 0.335

  Fibrinogen (g/L) 5.31±1.58 2.78±1.51 3.32±1.85 0.001 *

Chest CT �nding N=16 N=8 N=7  

  Days from onset to CT (days) 5.13±3.22 14.13±10.01 16.00±9.15 0.002 *

  Distribution       0.484

    Unilateral lung 0 (0%) 1 (12.5%) 0 (0%)  

    Bilateral lungs 16 (100%) 7 (87.5%) 7 (100%)  

  GGO 16 (100%) 5 (62.5%) 5 (71.4%) 0.028 *

  Consolidation 10 (62.5%) 6 (75%) 5 (71.4%) 0.884

  Pleural effusion 1 (6.3%) 6 (75%) 3 (42.9%) 0.001 *

CBC complete blood count, NLR neutrophil-lymphocyte ratio, PT prothrombin time, APTT activated partial
thromboplastin time, CT computed tomography, GGO ground-glass-opacity, * P<0.05.
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Table 3 Laboratory examination of patients in in�uenza survival group and death group

  In�uenza Survival group

N=13

In�uenza Death group

N=10

P

CBC      

Leukocyte (×109/L) 7.07±2.72 8.99±5.44 0.327

Neutrophil (×109/L) 6.17±2.54 8.23±5.14 0.267

Lymphocyte (×109/L) 0.65±0.35 0.47±0.27 0.182

Monocyte (×109/L) 0.21±0.19 0.22±0.21 0.922

Hemoglobin (g/L) 120.54±32.92 122.90±22.66 0.848

Platelets (×109/L) 165.08±88.86 140.50±40.06 0.427

NLR 11.37±5.81 18.93±9.97 0.033*

Coagulation panel      

PT (sec) 10.40±4.88 13.92±4.80 0.099

APTT (sec) 32.81±26.88 35.08±18.03 0.820

Fibrinogen (g/L) 2.89±1.89 3.34±1.47 0.538

CBC complete blood count, NLR neutrophil-lymphocyte ratio, PT prothrombin time, APTT activated partial
thromboplastin time, * P<0.05.

Figures
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Figure 1

Representative chest CT images of severe/critically ill patients with COVID-19, in�uenza A H7N9 and
H1N1 COVID-19: A1 (female/64), A2 (female/64), A3 (female/56). Chest CT showed multiple patchy and
strip shadows in bilateral lung �elds, more subpleural distribution, partially dense lesions. in�uenza A
H7N9: B1 (female/75), B2 (male/68), B3 (male/66). Chest CT showed diffuse patchy shadows of
bilateral lungs with consolidation of lower lungs and pleural effusion. in�uenza A H1N1: C1 (female/40),
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C2 (male/36), C3 (female/49). Chest CT showed multiple patchy fuzzy shadows in bilateral lungs, with
partial consolidation and pleural effusion.

Figure 2

The receiver operating curve of lymphocyte, neutrophil and neutrophil to lymphocyte ratio (NLR) for death
prediction of in�uenza A H7N9 and H1N1


