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Background: The rapid spread of coronavirus disease-19 (COVID-19) poses a global health emergency,
and cases entering China from Russia are quite diverse. This study explored and compared the clinical
characteristics and outcomes of severe and critically ill COVID-19 patients from Russia with and without
influenza A infection, treated in a northern Chinese hospital (Russia imported patients).

Methods: A total of 32 severe and critically ill Russia-imported COVID-19 patients treated in the
Heilongjiang Imported Severe and Critical COVID-19 Treatment Center from April 6 to May 11, 2020 were
included, including 8 cases (group A) with and 24 cases (group B) without influenza A infection. The clinical
characteristics of each group were compared, including prolonged hospital stay, duration of oxygen therapy,
time from onset to a negative SARS-CoV-2 qRT-PCR RNA (T,,) result, and duration of bacterial infection.
Results: The results showed that blood group, PaO,/FiO,, prothrombin time (PT), prothrombin activity
(PTA), computed tomography (CT) score, hospital stay, duration of oxygenation therapy, T,.,, and duration
of bacterial infection were statistically different between the two groups (P<0.05). Multivariant regression
analysis showed that the Sequential Organ Failure Assessment (SOFA) score, C-reactive protein (CRP), and
influenza A infection were factors influencing hospital stay; SOFA score, CRP, and CT score were factors
influencing the duration of oxygenation therapy; PaO,/FiO,, platelet count (PLT), and CRP were factors
influencing T,,; and gender, SOFA score, and influenza A infection were factors influencing the duration of
bacterial infection.

Conclusions: Influenza A infection is common in Russia-imported COVID-19 patients, which can
prolong the hospital stay and duration of bacterial infection. Routinely screening and treating influenza A

should be conducted early in such patients.
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Introduction

The outbreak of the coronavirus disease-19 (COVID-19),
previously known as 2019-nCoV, was initially reported in
December 2019 (1,2), and rapidly spread, creating a global
health emergency. Zhou et 4/. (3) demonstrated that the
over-expression of angiotensin converting enzyme 2 (ACE2)
from different species in HeLa cells with human ACE2,
pig ACE2, civet ACE2, (but not mouse ACE2) allowed
SARS-CoV-2 infection and replication, thereby showing
SARS-CoV-2 uses ACE2 as a cellular entry receptor. Until
now, there have been no specific vaccines or therapeutics
available, and the current management of COVID-19
includes travel restriction, patient isolation, and supportive
medical care. Therefore, a better understanding of the
underlying pathology of COVID-19 is required.

By the end of March 2020, the peak of the current
outbreak of COVID-19 in China was over, as new domestic
cases kept declining and the overall epidemic situation
remained at a low level. At the time, it was believed that
the epidemic could be brought under control by June.
However, since April 6, 2020 there has been a burst of
Russia-imported patients crossing through the Suifenhe
border, resulting in the immediate establishment of the
Heilongjiang Imported Severe and Critical COVID-19
Treatment Center. People receiving primary screening at
the border were transferred to the center, and due to their
travelling history, the clinical characteristics of this are
population differ the general population. Surprisingly, we
noted that some COVID-19 patients were also infected
with influenza A.

Influenza A virus subtype HIN1 (A/HIN1) was the
most common cause of human influenza (flu) in 2009. In
April of that year, an outbreak of influenza-like illness (ILI)
occurred in Mexico then spread to the United States (4),
and the rest of the world (5). Pandemic influenza viruses
often cause severe disease in middle-aged adults without
pre-existent co-morbidities (6), with several inflammatory
mediators significantly up-regulated in peripheral and
lung samples from A/H1N1-infected patients who develop
severe pneumonia (7). Influenza A infection is also
accompanied by a characteristic impairment of the innate
immune responses (8). How the complication of influenza
A infection affect the clinical characteristics and outcome
of COVID-19 patients is yet to be confirmed.

In the current study, the clinical characteristics of
32 severe and critically ill patients diagnosed with
COVID-19 are discussed. Influenza A infection is
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potentially a factor that affects the severity and prognosis
of COVID-19 patients, which has not been clearly
elucidated before. To our knowledge, this is the first
study to elucidate the differences between COVID-19
patients with and without influenza A infection in an
imported cohort. Our findings may provide further
details on the epidemic and the clinical characteristics
of this novel coronavirus, may assist the establishment
of further effective measures to control the disease. We
present the following article in accordance with the
STROBE reporting checklist (available at https://dx.doi.
org/10.21037/atm-21-3912).

Methods
Study design and participants

A total of 409 COVID-19 patients were imported from
Russia from April 6, 2020 until the time or writing. All
patients were classified into four clinical types; mild,
moderate, severe, and critical, based on the Diagnosis
and Treatment of New Coronavirus Pneumonia (seventh
edition) from the National Health Commission of the
People’s Republic of China (9). Thirty-two patients
treated in the Heilongjiang Imported Severe and Critical
COVID-19 Treatment Center from April 6 to May 11, 2020
were included in this study, and throat swab samples from
the upper respiratory tract for COVID-19 and influenza
A virus nucleic acid test (RT-PCR assay) were obtained
from all patients at admission. Exclusion criteria were as
follows: Patients with age <18 years old; pregnant women;
patients who deceased within 24 hours after admission.
Eight COVID-19 patients with influenza A infection were
included in group A and 24 without influenza A infection
were included in group B. The study was conducted in
accordance with the Declaration of Helsinki (as revised in
2013). And the study was approved by the Research Ethics
Committee of the Second Affiliated Hospital of Harbin
Medical University (KY2020-174). Individual consent for

this retrospective analysis was waived.

Data collection

Data including demographic data, exposure history,
underlying comorbidities, blood group, body temperature,
vital signs, laboratory findings, chest computed tomography
(CT) scans, and treatment measures such as antiviral
therapy, corticosteroid treatment, or respiratory support,

Ann Transl Med 2021;9(18):1446 | https://dx.doi.org/10.21037/atm-21-3912


https://dx.doi.org/10.21037/atm-21-3912
https://dx.doi.org/10.21037/atm-21-3912

Annals of Translational Medicine, Vol 9, No 18 September 2021

were recorded. The Sequential Organ Failure Assessment
(SOFA) score, and Acute Physiology and Chronic Health
Evaluation II (APACHE II) scores were determined on the
day of ICU admission.

CT score

Two radiologists reviewed all chest CT images and
determined the score by consensus, and were kept blinded to
COVID-19 RT-PCR results. Each of the five lung lobes (two
at left and three at right) was assessed, and the percentage of
lobar involvement classified as none (0%), minimal (1-25%),
mild (26-50%), moderate (51-75%), or severe (76-100%),
with a corresponding score of 0, 1, 2, 3, or 4, respectively.
The total severity score (T'SS) was calculated by summing
the five lobe scores (range from 0 to 20) (10).

COVID-19 treatment

Patients with PaO,/FiO, <300 mmHg or shortness of
breath were offered oxygen therapy including invasive
mechanical ventilation (IMV), non-invasive ventilation
(NIV), high-flow nasal cannula oxygenation (HFNC),
and normal nasal cannula accordingly. Patients with no
contraindications were offered a combination of 200 mg
of oral hydroxychloroquine and Lianhuaqingwen capsules.
Patients with influenza A infection were offered 150 mg
of oseltamivir, 3 times per day for 10 days, and for those
with secondary bacterial pneumonia, a broad spectrum
anti-biotic (levofloxacin) was added. All patients received
intravenous administration of corticosteroid with a dosage

of 1-2 mg/kg/d for 5-7 days depending on their severity.

Outcome indicators

The primary outcome we chose was the length of
hospital stay, as all patients survived. Patients with body
temperature restored to normal for more than 3 days,
significantly improved respiratory symptoms, significant
improvement on chest imaging, and two successive
negative PCR assays of COVID-19 virus nucleic acid test
(interval >24 hours) were discharged (9). The secondary
outcome indicators were duration of oxygen therapy, time
from onset to a negative SARS-CoV-2 qRT-PCR RNA
(T
bacterial infection was diagnosed when patients showed

), and duration of bacterial infection. Secondary

neg.

clinical infection symptoms, signs of pneumonia or
bacteraemia, elevated white blood cell (WBC) counts,

© Annals of Translational Medicine. All rights reserved.

Page 3 of 12

neutrophil parentage (NEUT%), C-reactive protein
(CRP), or procalcitonin (PCT), as well as positive CT and
sputum culture results (11).

Statistical analysis

All statistical analyses were performed using Statistical
Analysis System (SAS) (version 9.4, SAS Institute Inc.,
Cary, NC, USA). Quantitative data which were normally
distributed are presented as mean = standard deviation
(w£s), and data which were not normally distributed are
presented as median and interquartile range (IQR) [M
(P25, P75)]. Qualitative data are presented as case number
(percentage). In comparison of quantitative data, the #-test
was carried out if the data were normally distributed and
met homogeneity variance, and the #'-test was carried out
if the data were normally distributed and did not meet
homogeneity variance. If the data were not normally
distributed, comparisons were performed with the Wilcoxon
rank-sum test, and the comparisons of qualitative data were
performed with the Fisher’s exact test (because the total case
number was 32<40). P<0.05 was considered as statistically
significant.

The influence of factors including hospital stay, duration
of oxygen therapy, T,.,, and duration of bacterial infection
were analyzed with linear regression. Factors with statistical
difference in univariant regression analysis were included
in a multivariant regression model, and backward selection
was performed to screen them (significance level for entry
<0.05, significance level for stay <0.10).

Results
General characteristics

Altogether, 409 Russia-imported patients attended our
hospital, and 32 with severe and critical COVID-19 were
clustered and provided a history of exposure at the border.
Most were Chinese businessmen in Russia and most
received timely diagnosis and treatment as the government
formulated an efficient early warning and isolation program.
Group A (n=8) was composed of six men and two women
with a mean age of 48.63£10.08 years, and in group B
(n=24), there were 14 men and 10 women, with a mean
age of 46+8.75 years (1able I). Approximately 28.1% (9/32)
patients in our cohort required advanced ventilatory support
and rescue therapies for profound hypoxemic respiratory

failure, including HFNC, high levels of inspired oxygen and
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Table 1 Comparison of different parameters between two groups
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Parameters Case number Total Group A (n=8) Group B (n=24) Statistic P
Age (years) 32 46.66+9.01 48.63+10.08 46+8.75 0.71* 0.48
Gender 32 0.68°

Male 20 (62.50) 6 (18.75) 14 (43.75)

Female 12 (37.50) 2 (6.25) 10 (31.25) ¢
Underlying comorbidities 32 19

Yes 28 (87.50) 7 (87.50) 21 (87.50)

No 4 (12.50) 1(12.50) 3 (12.50)
Blood group 30 0.01°

A 6 (20.00) 0 (0.00) 6 (27.27)

B 12 (40.00) 6 (75.00) 6 (27.27)

AB 7 (23.33) 2 (25.00) 5 (22.73)

O 5(16.67) 0 (0.00) 5 (22.73)
Temp (°C) 32 36.95 [36.7, 37.65] 37.25[36.3, 38.1] 36.95 [36.75, 37.55] -0.07° 0.95
HR (times/min) 32 89.56+13.35 87.38+8.7 90.29+14.66 -0.53° 0.6
RR (times/min) 32 24 [20.50, 29] 24.5[20.5, 32] 24 [20.5, 29] 0.31° 0.76
MAP (mmHg) 32 93.79+12.57 94.91+£19.84 93.42+9.62 0.21° 0.84
APACHE Il score 32 513, 7] 5[2.5, 6.5] 513, 8] -0.13° 0.9
SOFA score 32 212, 3] 3[2, 4.5] 2[2,3] 1.41° 0.16
PaO,/FiO, 32 265[205.35,291.9] 219 [143.14, 251.59] 271 [245.5, 292.9] —2.0° 0.03
PCO, (mmHg) 32 36.6 [33.85, 39.2] 34.45 [32.85, 36.3] 36.6 [34.75, 39.35] -1.83° 0.07
WBC (10°/L) 32 5.67 [4.34, 7.36] 6.82 [5.63, 9.71] 5.08 [3.56, 7.18] 1.37° 0.17
PLT (10°/L) 32 194.66+66.1 190.36+48.04 196.08+71.96 -0.21° 0.84
NEUT (10%L) 32 4.51[3.23, 6.09] 4.97 [4.06, 8.94] 3.98[2.47, 5.74] 1.2° 0.23
LYMPH (10%L) 32 0.88[0.52, 1.28] 0.72[0.41, 1.43] 0.91[0.59, 1.28] -0.68° 0.5
PCT (ng/mL) 32 0.05 [0.05, 0.09] 0.07 [0.05, 0.21] 0.05 [0.05, 0.07] 1.49° 0.14
CRP (ug/mL) 32 36.32 [21.48, 53.52] 42.05 [33.94, 77.78] 30.94 [15.71, 49.85] 1.11° 0.27
ALT (/L) 32 51.5[34.5, 87] 60.5 [28, 95.5] 49.5 [37, 87] 0.07° 0.95
AST (p/L) 32 50.5 [34, 82] 52.5[38.5, 113.5] 50.5 [34, 71] 0.42° 0.68
ALB (g/L) 32 37.98+3.65 37.25+4.23 38.22+3.5 -0.64* 0.53
SCr (umol/L) 32 68.26+14.98 75.63+11.58 65.8+15.38 1.65° 0.11
Pro-BNP (pg/mL) 27 187.93 [79.13, 404.36] 283.83 [53.15,519.24] 185.77 [99.33, 351.84] 0.19° 0.85
CK (u/L) 32 76.5[34, 2] 118 [39, 467.5] 67.5[33.5, 18] 1.02° 0.31
LDH (u/L) 32 842 [707.5, 1,136] 980.5 [790, 1,385] 829 [681.5, 959] 1.59° 0.11
PT (s) 30 13.35[12.8, 13.7] 14 [13.7,14.75] 13.15[12.7, 13.6] 3.01° <0.01
PTA (%) 30 76.50 [72.42, 84] 69.20 [62.55, 72.4] 79.05 [73.5, 85.5] -3.01° <0.01

Table 1 (continued)
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Table 1 (continued)
Parameters Case number Total Group A (n=8) Group B (n=24) Statistic P
APTT (s) 30 28 [25.9, 31.4] 28.7 [26.7, 33.5] 27.6 [25.9, 31.4] 0.49° 0.62
DD (ug/mL) 29 1.04 [0.89, 1.26] 1.21[0.94,1.72] 1.04[0.89, 1.19] 1.33° 0.19
AT 11l (%) 30 61.55[52.3, 81.1] 66.6 [46.3, 81.7] 61.55 [562.3, 80.1] -0.12° 0.91
CT score 32 8[5, 16] 20 [12.5, 20] 715, 10] 3.27° <0.01
Bacterial infection 32 0.21°
No 11 [34.38] 1[3.13] 10[31.25]
Yes 21 [65.63] 7 [21.88] 14 [43.75]
Hospital stay (days) 32 21[14.5, 23.5] 24.5 28, 25] 19.5[10.5, 22] 2.89° <0.01
Duration of oxygenation 32 14.31+7.55 20.50+7.15 12.25+6.6 Kh <0.01
therapy (days)
Theq (day) 32 16.78+6.89 20+2.33 15.71+7.58 2.45° 0.02
Duration of bacterial 32 310, 6] 9.50 [3.5, 13] 2.5[0, 4] 2.63° <0.01

infection (days)

a

, represents the data are normally distributed and meet homogeneity variance; the comparison was performed with the t-test; °,

represents the data are normally distributed and do not meet homogeneity variance; the comparison was performed with the t'-test;
°, represents the data are not normally distributed; the comparison was performed with the Wilcoxon rank-sum test; ¢, represents
the comparison was performed with the Fisher’s exact test and no statistics were available. Temp, temperature; HR, heart rate; RR,
respiratory rate; MAP, mean arterial pressure; APACHE II, Acute Physiology and Chronic Health Evaluation Il; SOFA, Sequential Organ
Failure Assessment; PCO,, pressure of carbon dioxide; WBC, white blood cell count; PLT, platelet count; NEUT, neutrophil count; LYMPH,
lymphocyte count; PCT, procalcitonin; CRP, C-reactive protein; ALT, alanine transaminase; AST, aspartate aminotransferase; ALB, Albumin;
SCr, serum creatinine; pro-BNP, pro B-type natriuretic peptide; CK, creatine kinase; LDH, lactate dehydrogenase; PT, prothrombin
time; PTA, prothrombin activity; APTT, activated partial thromboplastin time; DD, D-dimer; AT lll, antithrombin lll; CT score, computed

tomography score; T,.,, time from onset to a negative SARS-CoV-2 gRT-PCR RNA.

Figure 1 Typical characteristics of CT in two groups in the early stage. (A) Typical CT image of group A with presence of diffuse bilateral
GGOs and obscure boundary. (B) Typical CT image of group B, multifocal GGOs with clear lesion margin can be observed in bilateral
lungs. Subpleural distribution was common. CT, computed tomography; GGOs, ground-glass opacities.

The typical CT characteristic of simple COVID-19 and
those complicated with influenza A at admission are shown

positive end expiratory pressure (PEEP), pressure control,
prone positioning ventilation, and neuromuscular blockade.

No patient required extracorporeal membrane oxygenation. in Figure 1.
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Table 2 Factors influencing hospital stay
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Univariant regression analysis

Multivariant regression analysis

Parameters
B t P B t P VIF
SOFA score 2.42 3.37 <0.01 1.7 2.41 0.02 1.18
Corticosteroid treatment 3.06 2.26 0.03
PaO,/FiO, (mmHg) -0.06 -3.89 <0.01
PLT (10°/L) -0.06 -3.06 <0.01
CRP (ug/mL) 0.09 2.57 0.02 0.07 2.25 0.03 1.04
LDH (u/L) 0.01 3.18 <0.01
PT (s) 2.94 217 0.04
PTA (%) -0.18 -2.13 0.04
APTT (s) 0.7 2.42 0.02
AT Il (%) -0.15 -2.36 0.03
CT score 0.64 3.37 <0.01
Bacterial infection 7.76 3.13 <0.01
Influenza A infection -7.71 -2.75 0.01 -4.6 -1.77 0.09 1.17

After the analysis was adjusted by age and gender, the factors with statistical significance in multivariant analysis were not changed.
VIF, variance inflation factor; SOFA, Sequential Organ Failure Assessment; PLT, platelet count; CRP, C-reactive protein; LDH, lactate
dehydrogenase; PT, prothrombin time; PTA, prothrombin activity; APTT, activated partial thromboplastin time; AT Ill, antithrombin Ill; CT

score, computed tomography score.

Comparisons of characteristics between two groups

Comparisons of different parameters between the two
groups showed that blood group, PaO,/FiO,, prothrombin
time (PT), prothrombin activity (PTA), CT score, hospital
stay, duration of oxygenation therapy, T,,, and duration
of bacterial infection were statistically different (P<0.05).
The PT, CT score, hospital stay, duration of oxygenation
therapy, T,.,, and duration of bacterial infection were
higher in group A than group B, while PTA and PaO,/FiO,
in group A were lower than group B. Group A contained
only patients with blood group B and AB, and the number
of patients with blood group B was significantly larger than
that in group B, as shown in 7able 1.

Factors influencing hospital stay

Univariant linear regression analysis showed that the SOFA
score, corticosteroid treatment, PaO,/FiO,, platelet count
(PLT), CRP, lactate dehydrogenase (LDH), PT, PTA,
activated partial thromboplastin time (APTT), antithrombin
IIT (AT III), CT score, bacterial infection, and influenza A

© Annals of Translational Medicine. All rights reserved.

infection were factors influencing hospital stay (P<0.05).

Backward multivariant linear regression analysis was then
performed to screen the final influencing factors, with R’ as
0.4492 and adjusted R” as 0.3901. The results showed that
higher SOFA score, higher CRP, and influenza A infection
were risk factors for prolonged hospital stay (P.,,<0.05,
P,,,<0.1), as shown in Table 2.

Factors influencing duration of oxygenation therapy

Univariant linear regression analysis showed that the
SOFA sore, PaO,/FiO,, CRP, serum creatinine (SCr),
creatine kinase (CK), LDH, PT, PTA, APTT, AT III, CT
score, bacterial infection, and influenza A infection were
factors that influenced the duration of oxygenation therapy
(P<0.05).

Backward multivariant linear regression analysis was then
performed to screen the final influential factors, where R’
was 0.5390 and adjusted R* was 0.4896. The results showed
that higher SOFA score, higher CRP, and higher CT score
were risk factors for the prolonged duration of oxygenation

Ann Transl Med 2021;9(18):1446 | https://dx.doi.org/10.21037/atm-21-3912



Annals of Translational Medicine, Vol 9, No 18 September 2021 Page 7 of 12
Table 3 Factors influencing duration of oxygenation therapy
Univariant regression analysis Multivariant regression analysis

Parameters

B t P B t P VIF
SOFA score 2.58 3.68 <0.01 1.51 2.22 0.04 1.32
PaO,/FiO, -0.07 -4.76 <0.01
CRP (ug/mL) 0.1 2.83 0.01 0.07 2.36 0.03 1.07
SCr (umol/L) 0.24 2.95 <0.01
CK (/L) 0.01 2.56 0.02
LDH (u/L) 0.01 3.23 <0.01
PT (s) 3.89 2.84 0.01
PTA (%) -0.21 -2.36 0.03
APTT (s) 0.86 2.93 <0.01
AT Il (%) -0.15 —2.21 0.04
CT score 0.72 4.05 <0.01 0.44 2.4 0.02 1.36
Bacterial infection 7.82 3.16 <0.01
Influenza A infection -8.25 -3 <0.01

After the analysis was adjusted by age and gender, the factors with statistical significance in multivariant analysis were not changed.
VIF, Variance inflation factor; SOFA, Sequential Organ Failure Assessment; CRP, C-reactive protein; SCr, serum creatinine; CK, creatine
kinase; LDH, lactate dehydrogenase; PT, prothrombin time; PTA, prothrombin activity; APTT, activated partial thromboplastin time; AT IlI,

antithrombin Ill; CT score, computed tomography score.

therapy (P,,<0.05, P, <0.1), as shown in Table 3.

Factors influencing T,,,

Univariant linear regression analysis results showed that
Pa0,/FiO,, PLT, CRP, LDH, APTT, CT score, and
bacterial infection were factors influencing T, (P<0.05).

Backward multivariant linear regression analysis was then
performed to screen the final influential factors, where R’
was 0.4676 and adjusted R’ was 0.4105. The results showed
that lower PaO,/FiO,, lower PLT, and higher CRP were
risk factors for prolonged T,., (P...,<0.05, P, <0.1), as
shown in Tuble 4.

Factors influencing duration of bacterial infection

Univariant linear regression analysis showed that gender,
body temperature, APACHE II score, SOFA score,
corticosteroid treatment, PaO,/FiO,, SCr, pro B-type
natriuretic peptide (pro-BNP), LDH, PT, PTA, CT score,
bacterial infection, and influenza A infection were factors
influencing the duration of bacterial infection (P<0.05).

© Annals of Translational Medicine. All rights reserved.

Backward multivariant linear regression analysis was
then performed to screen the final influence factors, where
R’was 0.7111 and adjusted R* was 0.6912. The results
showed that male gender, higher SOFA score, and influenza
A infection were risk factors for prolonging the duration of
bacterial infection (P,,<0.05, Py, <0.1), as shown in Table 5.

Discussion

In this study we compared the clinical characteristics and
outcomes of severe and critical COVID-19 patients with
and without influenza A infection, and the results showed
that the proportion of influenza A infection in Russia-
imported severe and critical COVID-19 patients was up
to 25% (8/32). Due to different seasonal characteristics
in the northern and southern parts of China, the annual
influenza A epidemic manifests various characteristics. As
reported, the flu epidemic in the north of China usually
begins in October and ends in March of the following year,
peaking in January and February (12). Patterns in the north
of China are relevant for the epidemic characteristics of
the population and are important in determining effective
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Table 4 Factors influencing T,
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Univariant regression analysis

Multivariant regression analysis

Parameters

B t P B t P VIF
Pa0,/FiO, (mmHg) -0.04 -2.67 0.01 -0.03 -2.07 0.05 1.09
PLT -0.05 -3.3 <0.01 -0.05 -3.1 <0.01 1.03
CRP (ug/mL) 0.08 2.43 0.02 0.03 1.94 0.06 1.08
LDH (u/L) <0.01 2.38 0.02
APTT (s) 0.76 3.02 <0.01
CT score 0.46 2.5 0.02
Bacterial infection 7.56 3.42 <0.01

After the analysis was adjusted by age and gender, the factors with statistical significance in multivariant analysis were not changed. T,
time from onset to a negative SARS-CoV-2 gRT-PCR RNA; VIF, variance inflation factor; PLT, platelet count; CRP, C-reactive protein; LDH,
lactate dehydrogenase; APTT, activated partial thromboplastin time; CT score, computed tomography score.

Table 5 Factors influencing duration of bacterial infection

Univariant regression analysis

Multivariant regression analysis

Parameters
B t P B t P VIF
Gender -5.27 -2.3 0.03 -2.34 -1.71 <0.01 1.08
Temp (°C) 3.59 2.37 0.02
APACHE Il score 0.79 2.35 0.03
SOFA score 3.29 7.38 <0.01 2.7 6.15 <0.01 1.22
Corticosteroid treatment 3.4 2.99 <0.01
PaO0,/FiO, (mmHg) -0.06 -4.61 <0.01
SCr (umol/L) 0.19 2.66 0.01
Pro-BNP (pg/mL) 0.01 3.62 <0.01
LDH (p/L) <0.01 2.56 0.02
PT (s) 3.95 3.23 <0.01
PTA (%) -0.18 -2.23 0.03
CT score 0.46 25 0.02
Bacterial infection 7.05 3.23 <0.01
Influenza A infection -8.17 -3.49 0.002 -4.07 -2.57 0.02 1.16

After the analysis was adjusted by age and gender, gender was a factor influencing the duration of bacterial infection. The duration of
bacterial infection in females was shorter than in males. VIF, Variance inflation factor; Temp, temperature; APACHE II, Acute Physiology
and Chronic Health Evaluation Il; SOFA, Sequential Organ Failure Assessment; SCr, serum creatinine; pro-BNP, pro B-type natriuretic
peptide; LDH, lactate dehydrogenase; PT, prothrombin time; PTA, prothrombin activity; CT score, computed tomography score.

control measures. Compared with SARS and HINI

influenza, COVID-19 is more contagious, more concealed

in transmission, greater infectious intensity and more severe

in clinical manifestations. In addition, the immune function

© Annals of Translational Medicine. All rights reserved.

of COVID-19 patients is poor, due to the reduction in
CD4+ and CD8+ T lymphocytes (13,14). Therefore,
patients travelling from Russia to China face a high risk
of being infected with influenza, and screening for the
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disease and taking control measures in advance to cut off its
transmission are the key to controlling the pandemic.

The infected patients were relatively young (46.66+
9.01 years), and compared with patients from Wuhan, the
T, (16.78+6.89 days) was shorter (15). PaO,/FiO,, PLT,
CRP, LDH, APTT, CT score, and bacterial infection were

factors influencing T,,,, which may be a early warning

neg>
to predict the isolation duration thus to provide the best
isolation and treatment strategies. The ratio of severe and
critical cases was also much lower (7.82%, 32 severe and
critical cases/409 total imported cases) due to the younger
age of patients, with less underlying comorbidities and
good immune status. Patients responded positively to the
treatment, which strengthened their confidence to fight
COVID-19. The involvement of multi-organs was not
common in severe and critical patients with a SOFA score
of 5.41+3.28, and injuries in this cohort mainly targeted
the lung. However, COVID-19 patients in Wuhan were
usually complicated with multi-organ injury such as cardiac
injury, shock, and kidney injury (16,17). In Wuhan patients,
the complication of influenza A caused deterioration, and
the symptoms of respiratory failure were significantly
aggravated.

Influenza A infection in COVID-19 patients prolonged
outcome indicators including the hospital stay, duration
of oxygenation therapy, T,.,, and duration of bacterial
infection. In addition, PaO,/FiO,, and the CT score
in COVID-19 patients with influenza A were worse,
suggesting the lung was the main target organ and further
affected the outcome indicators. This was further verified
by CT manifestations. The clinicopathological features of
influenza pneumonia include bronchial and surrounding
alveolar hyperemia, inflammatory exudation, and formation
of a transparent membrane (18), contributing to a clustered
ground-glass opacity (GGO). However, CT of COVID-19
patients showed multifocal GGOs (Figure 1A4). Based on the
typical CT characteristics at onset, this study showed that
the CT feature of group A held great value distinguishing
influenza A patients in the early stage. It is also worthy to
mention that as reported in previous studies, HIN1 is one
of the independent risk factors for pulmonary embolism.
HINI1 ARDS patients had a 23.3-fold higher risk for
pulmonary embolism and could even suffer disseminated
intravascular coagulation (19,20). The prolonged PT
and decreased PTA in group A suggest that influenza A
infection related coagulopathy might increase the risk of
poor outcome.

It is interesting to note that the ratio of patients with
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blood type B was much higher in group A than group B
(75% wvs. 27.27%). It was previously reported that people
with blood group A have a higher risk while people with
blood group O have a lower risk for SARS-Cov-2 infection
and COVID-19 severity (2,21,22). The relation between
ABO blood group and influenza A infection has also been
previously reported. An observation of influenza patients
showed that the degree of immune response after influenza
A (HIN1), A (H3N2), and B viruses differed significantly
in subjects with different blood groups of the ABO (H)
system (23). The combination of the virus and red blood
cells may be related to blood group glyco-proteins or
mediated by molecules that appear more frequently on
type B red blood cells (24). Collectively, these results
suggest the ABO system may provide an opportunity for
establishing a biomarker for differential susceptibility of
influenza A in COVID-19 patients. A larger cohort study
should be conducted in the future to verify the confluence
and the combination mode of pandemic virus and receptor.

Influenza A infection is a risk factor for a prolonged
duration of hospital stay and duration of bacterial infection.
COVID-19 patients have been shown to display a complex
immune dysfunction that could render them susceptible to
early bacterial co-infection (25). While prolonged bacterial
infection in group A may have significantly prolonged
the hospital stay, Influenza A was not a risk factor for
the duration of oxygenation therapy. While univariant
regression analysis showed influenza A infection was
significant, in multivariate regression analysis it was less
critical compared with the SOFA score, CRP, and CT score.
However, the proportion of mechanical ventilation was
much higher in group A (25%, 2/8) than group B (4.17%,
1/24), and the proportion of HFNC was also significantly
higher in group A (75%, 6/8) than group B (12.5%, 3/24).
The large proportion of patients requiring advanced
respiratory support illustrates that influenza A infection
could significantly affect advanced ventilator support
but was not the key factor affecting the total duration of
oxygenation therapy. The results also showed influenza
A infection was not a risk factor for prolonged T, in
COVID-19 patients. Although influenza A and COVID-19
can both affect the immune function of patients (8,13,26),
complicating with influenza A might not affect the clearance
of novel coronavirus. The underlying mechanism remains
to be elucidated.

The characteristics of some very common coronavirus
laboratory tests are of great significance for its clinical
diagnosis and treatment. As reported previously, LDH
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and CRP should be considered as useful tests for the early
identification of patients who require tighter respiratory
monitoring and more active supportive therapy to avoid
poor prognosis (27). It was also reported that lymphocytes,
CRP, PCT, alanine transaminase (ALT), aspartate
aminotransferase (AST), LDH, D-dimer, CD4 T cells, and
interleukin (IL)-6 provide valuable signals for preventing
the deterioration of COVID-19 patients (28). We also
screened some common and user-friendly parameters
including CRP and PLT as risk factor for outcome indexes,
which were supported by the above studies.

While in China, the COVID-19 epidemic is largely
under control, the global pandemic remains. Early
screening of influenza A and the early intervention and
prevention of secondary bacterial infection will be critical
in treating imported cases. Once typical CT scanning
is performed, physicians should be highly alerted to the
possibility of influenza A infection, and all patients with
the disease should be given oseltamivir in the early stage.
Oseltamivir exerts its antiviral activity by inhibiting the
activity of the viral neuraminidase enzyme on the surface of
the influenza viruses A, which prevents budding from the
host cell, viral replication, and infectivity (29). In a 5-year
analysis of oseltamivir timing and clinical outcomes, early
administration after hospital admission was associated with
shortened hospitalization (30). However, as the coronavirus
does not carry neuraminidase enzyme, oseltamivir has no
effect on COVID-19. As a treatment strategy, we propose
the early screening for influenza A. in COVID-19 patients,
and once confirmed, propose early oseltamivir treatment to
prevent them developing severe respiratory failure. By now,
the government are highly alerted about COVID-19 and
influenza A infection. Early screening, effective isolation,
vaccine and advanced rescue measures are implemented to
improve the prognosis of COVID-19 patients.

There are some limitations to this study, the first of
which is its retrospective nature. Secondly, although we have
included all severe and critical patients at the border during
this epidemic, the population is isolated, and the sample
size is relatively small. Thirdly, the interaction between
COVID-19 and HINI remains unclear, and further study
is needed to explore the underlying mechanism.

In conclusion, influenza A infection is common in
imported severe and critically ill COVID-19 patients from
Russia. Influenza A infection can prolong the hospital
stay and duration of bacterial infection, which may lead to
prognosis deterioration and increase the economic burden.
Early routine screening and oseltamivir treatment can be

© Annals of Translational Medicine. All rights reserved.
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used as a preventive measure in imported patients.
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