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Abstract 
The coronavirus disease 2019 (COVID-19) pandemic, caused by severe acute respiratory syndrome 

coronavirus 2 (SARS-CoV-2), originated more likely from Wuhan, China and spread across the 

world. According to WHO reports, the virus is responsible for the death of almost seven million 

people around the world until now. Considering the same clinical manifestations of SARS-CoV-2 and 

influenza virus, simultaneous infection of these two viruses may affect the treatment process of the 

patient. Thus, we investigated coinfection of SARS-CoV-2, influenza A (IAV) and B (IBV) in 

patients with respiratory syndrome from June to August 2021. Nasopharyngeal samples were obtained 

from 84 COVID-19 patients and were tested for detection of SARS-CoV-2, IAV and IBV by using 

Reverse Transcriptase Real-time Polymerase Chain Reaction. Out of 84 patients, we found 46 and 

three COVID-19 and influenza positive cases, respectively. Coinfection was only found in two cases. 

Both cases were female and aged above 60 years. Findings of the currents study represent low 

prevalence of the influenza virus infection in the 2021 influenza season as well as low coinfection 

rates with SARS-CoV-2. This low prevalence may be due to the preventive measurements against the 

COVID-19. 
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Introduction* 

 
 respiratory disease with unknown 

etiology which was appeared in 

Wuhan, China in December 2019 turned into a 

global pandemic within a few months. In a 

short time, the cause of this disease was named 

severe acute respiratory syndrome coronavirus-

2 (SARS-CoV-2) by the World Health Organi-

zation due to its 80% homology with the 

SARS-1 virus. The disease caused by the virus 

is called coronavirus disease 2019 or COVID-

19. The origin of the disease outbreak is consi-

dered to be the transmission of a zoonotic 

disease in the seafood market in Wuhan, 

China, and later it was found that human-to-

human transmission plays the main role in the 

worldwide spread of the disease (1, 2).  
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The most common symptoms are cough and 

fever. Elderly people and those with comorbi-

dities are more susceptible to the severe form 

of the disease (3, 4). Most of the people 

admitted to the hospital need to be referred to 

the intensive care unit, and the mortality rate 

up to 50% in these patients (5, 6). 

Influenza virus is classified into four genera, 

A, B, C, and D. Influenza A virus (IAV) is the 

most common type that can cause fatal 

respiratory disease and has the potential to 

bring about regional epidemics or global 

pandemics (7, 8). IAV is classified to different 

subtypes based on the characteristics of the 

hemagglutinin (HA) and neuraminidase (NA) 

spikes. Eighteen different HA subtypes and 11 

different NA subtypes have been identified so 

far. At least, four influenza A pandemics have 

been recorded as yet, including H1N1 (1918), 

H2N2 (1957), H3N2 (1967), and the last 

pandemic occurred in 2009 (H1N1) (9, 10). 

Influenza B virus (IBV), which is considered a 

seasonal type, is the most common type of 
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influenza after type A. This type includes two 

circulating subtypes, Yamagata and B/Victoria 

(7, 8). Influenza viruses usually cause symp-

toms such as cough, fever, sore throat, fatigue, 

which can be severe or mild depending on the 

affected person (11). 

Both influenza and corona viruses can be 

transmitted through similar routes such as 

transmission through direct contact or respira-

tory droplets (12-14). In addition, both viruses 

cause relatively similar clinical symptoms such 

as fever, cough, rhinitis and dyspnea which 

makes differential diagnosis more complicated 

(12). On the one hand, coinfection of these two 

viruses can interfere with the process of 

diagnosis, treatment and prevention of the epi-

demic, and on the other hand, the severity of 

symptoms and the mortality rate may increase 

in the coinfection condition (15, 16). 

Few cases of coinfection between SARS-CoV-

2 and influenza virus have been reported 

around the world (11, 17-22) and there is 

inadequate knowledge regarding the inter-

action between these viruses and the final 

pathogenicity. The present study was aimed to 

evaluate the clinical symptoms, laboratory test 

results, and the outcomes of patients infected 

with SARS-CoV-2 and influenza viruses. 

 

Materials and Methods 

 
Patients and Sampling.  Patients with respira-

tory symptoms who attended to hospitals affi-

liated with Iran University of Medical Sciences 

were enrolled between June to August 2021. 

Written consent was obtained from all the 

patients. Existence of routine symptoms of 

viral respiratory infections such as fever above 

thirty-eight degrees of centigrade, sore throat, 

cough, dyspnea, malaise and other common 

viral respiratory symptoms were considered as 

inclusion criteria. 

We evaluated 84 patients with common viral 

respiratory disease symptoms for coinfection 

of SARS-COV-2 with IAV and IBV. The 

study approved by the Ethical Committee of 

Iran University of Medical Sciences (ethical 

code: IR.IUMS.FMD.REC.1400.134). 

The nasopharyngeal (NP) swabs were collected 

immediately from each patient on admission 

and transferred to the sterile tubes containing 

virus transport media (VTM). The sample was 

preserved in 4°C for nucleic acid extraction. 

RNA Extraction  
The RNA was extracted from the NP samples 

by using the High pure viral RNA kit (Roche, 

Germany). The extraction was preformed 

based on the manufacturer's manual and the 

extracted RNA was evaluated by NanoDrop 

Spectrophotometer (NanoDrop 2000, Thermo 

Scientific, USA). 

Real-time Polymerase Chain Reaction (RT-

PCR) 

Presence of IAV, IBV and SARS-CoV-2 in NP 

samples was evaluated using a multiplex real-

time PCR assay. Briefly, for each reaction, 5 µl 

of the CAPITAL™ qPCR Probe Master Mix 

(Biotechrabbit, Germany) was mixed with 4 µl 

of primer-probe mixture. Six microliters of 

distilled water and 5 µl of the extracted viral 

RNA were also added to the mixture.  

The thermal cycling profile of the real-time 

PCR was as follows: reverse transcription at 

50°C for 20 min, initial denaturation at 95°C 

for 3 min, 40 cycles of denaturation at 95°C for 

10 s and annealing/extension at 55°C for 30 s. 

Data acquisition was scheduled at the end of 

annealing/extension step for green (IAV), 

Yellow (SARS-CoV-2), Orange (IBV), and 

Red (RNase P) channels. Amplification curves 

with cycle threshold (Ct) of not more than 40 

were considered as true amplification (posi-

tive).  

Amplification of RNase P was considered as 

the samples internal control. The primers and 

probes used for the detection of IAV, IBV, 

SARS-CoV-2 and RNase P are listed in Table 

1. The qualitative realtime reverse-transcrip-

tase polymerase chain reaction was performed 

by QIAquant 96 5plex machine (QIAGEN, 

Germany). The efficiency, R2 value, and limit 

of detection (LOD) of the assay were 0.967, 

0.9991, and 200 copy/µl, respectively.  . 

Statistical Analysis. Statistical analysis was 

performed using SPSS version 22 and the 

p<0.05 was considered as statistically signi-

ficant. Based on the characteristics of each 

variable, the Chi-squared test, Pearson corre-

lation coefficient or Spearman correlation was 

applied. 
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Table 1. P List of primers and probes used for the detec-

tion of IAV, IBV, SARS-CoV-2 and RNase P 

 

SARS-CoV-2  
(N gene) 

Sequence 

Forward 
Primer 

GCCACTAAAGCATACAATGTAACAC 

Reverse 
Primer 

GCCAATGTTTGTAATCAGTTCCTTG 

Probe HEX-
CGGCAGACGTGGTCCAGAACAAACCC-
BHQ1 

Influenza A 
(M gene) 

 

Forward 
Primer 

CTTCTAACCGAGGTCGAAACGTA 

Reverse 
Primer 

GGTGACAGGATTGGTCTTGTCTTTA 

Probe FAM-TCAGGCCCCCTCAAAGCCGAG-
BHQ1 

Influenza B 
(H gene) 

 

Forward 
Primer 

AAATACGGTGGATTAAACAAAAGCAA 

Reverse 
Primer 

CCAGCAATAGCTCCGAAGAAA 

Probe ROX-
CACCCATATTGGGCAATTTCCTATGGC-
BHQ2 

Rnase P  

Forward 
Primer 

AGATTTGGACCTGCGAGCG 

Reverse 
Primer 

GAGCGGCTGTCTCCACAAGT 

Probe Cy5-TTCTGACCTGAAGGCTCTGCGCG-
BHQ2 

 

Results 

 
Demographics of the Patients. The demogra-

phic features and clinical manifestations of the 

included patients were listed in tables 2 and 3. 

The mean age in 84 recruited patients were 

47.9 years and half of them were male. The 

most common clinical presentations were 

fever, chill, malaise and cough, respectively. 

Prevalence of SARS-CoV-2 and Influenza 

Viruses: In current study, 84 patients with 

upper respiratory symptoms were evaluated for 

the detection of IAV, IBV and SARS-CoV-2 

by a multiplex real-time PCR assay. Among 84 

patients, 46 patients were diagnosed positive 

for SARS-CoV-2 and three were positive for 

IAV. Coinfection between IAV and SARS-

CoV-2 was detected in two female cases who 

aged 66 and 70 years. Clinical symptoms of 

these two cases were fever, dyspnea and chill. 

No patient with IBV infection was detected in 

this study. 

 
Table 2. Demographic features of the studied participants 

 

Male Female All cases Characteristic 

46.8 49.1 47.9 Mean Age 

42 42 42/42 Gender (M/F) 

23/42 26/42 49/84 Virus Detection 

 (+/-) 

 
Table 4. Prevalence of SARS-CoV-2 and Influenza 

viruses 

 

Percent N=84  

3.5% 3 Influenza 

54.7% 46 SARS-CoV-2 

2.3% 2 Co-infection 

 
Table 5. Distribution of viral infections in different age 

groups 

 
 Detected Viruses No. (%) 

Age 

groups 
Influenza 

SARS-

CoV-2 
 Co-infection 

<20 0 5 0 

20-40 1 17 0 

41-60 0 8 0 

>60 2 16 2 

 

 

Discussion 
 

Generally, COVID-19 causes non-specific 

symptoms such as fever, cough and myalgia in 

the infected patient (23). In addition to SARS-

CoV-2, the existence of other respiratory 

viruses such as influenza, parainfluenza, res-

piratory syncytial virus (RSV), and adeno-

virus should also be suspected. 

Since the first announcement of COVID-19 

pandemic by the World Health Organization, 
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Table 3. Demographic data and clinical symptoms of 

the positive cases 

 Detected Viruses 

Parameters 
Influenza SARS-CoV-2 

Co-

infection 

Age range 

(years) 

36-70 1-83 66-70 

Age Mean 57.3 47.2 68 

Gender (M/F) 0/3 23/23 0/2 

Symptoms   

Loss of taste 0 (0%) 0 (0%) 0 (0%) 

Loss of smell 1 (33.3%) 2 (4.3%) 0 (0%) 

Fever 2 (66.6%) 42 (91.3%) 1 (50%) 

Cough 1 (33.3%) 13 (28.2%) 0 (0%) 

Sore throat 1 (33.3%) 6 (13.1) 0 (0%) 

Dyspnea 2 (66.6%) 7 (15.2%) 1 (50%) 

Chest pain 0 (0%) 4 (8.6%) 0 (0%) 

Chill 1 (33.3%) 16 (34.7%) 1 (50%) 

Rhinorrhea 0 (0%) 3 (6.5%) 0 (0%) 

Sneeze 0 (0%) 1 (2.1%) 0 (0%) 

Vertigo 1 (33.3%) 2 (4.3%) 0 (0%) 

Headache 1 (33.3%) 5 (10.8%) 0 (0%) 

Malaise 1 (33.3%) 16 (34.7%) 0 (0%) 

Body pain 1 (33.3%) 11 (23.9%) 0 (0%) 

 

there have been increasing concerns about the 

spread of the coinfection of SARS-CoV-2 and 

influenza viruses, especially in the winter 

season (24). The role of coinfection in aggra-

vating symptoms, severity and consequences 

of the disease is unavoidable in many cases 

(25). Several studies have reported coinfection 

of respiratory pathogens along with SARS-

CoV-2 (26-29). There are also multiple reports 

of COVID-19 and influenza coinfections 

globally (30-33). In our study, the prevalence 

of influenza A and SARS-CoV-2 coinfection 

was very low (2.3%). During a sentinel survei-

llance among 13,467 samples, Aggarwal et al. 

identified coinfections between SARS-CoV-2 

and influenza viruses in only five (0.04%) 

cases (34). In a study conducted by Hashemi et 

al. from November 2, 2021 to January 30, 2022 

on inpatients and outpatients with COVID-like 

symptoms, 14,116 samples were screened for 

the presence of SARS-CoV-2 and influenza 

viruses by a multiplex real-time PCR assay. 

They reported 14.19% and 17.11% infections 

with influenza and SARS-CoV-2, respectively. 

The coinfection rate was reported in only 191 

(1.35%) cases which is in parallel with the 

results of the present study (19). 

In Brazil, Eisen et al. reported that 6 (0.6%) 

cases out of 987 cases with acute respiratory 

disease syndrome (ARDS) were coinfected 

with both viruses (35). The results of a meta-

analysis of 11 studies showed that the rate of 

coinfection with influenza virus in patients 

with confirmed COVID-19 was 0.8% (15).  

However, some other studies have reported 

radically different findings. Examining the 

prevalence of influenza and other respiratory 

infections in Saudi Arabia, Alosaimi et al. 

found evidence of coinfection in 17(35.4%) out 

of 48 cases in ICU and non-ICU COVID-19 

patients (5). Many factors can affect the results 

of this study. Competitive or cooperative forms 

of pathogen–pathogen interactions are one of 

these factors that can explain why some 

respiratory infections are less common during 

COVID-19 pandemic (36). 

In addition, the small volume of samples can 

also affect our results. Coinfection of SARS-

Cov2 and influenza may increase disease 

severity and risk of death in afflicted patients 

(3, 37). Our findings indicate that people aged 

>60 years are more likely to be coinfected with 

SARS-Cov2 and influenza. Dadashi et al. in a 

meta-analysis of SARS-CoV-2 and Influenza 

coinfections showed that most of the coinfec-

tions were from the age group of >50 years 

(15). 

In India, Ravikumar et al. examined 959 

SARS-CoV-2 positive samples collected from 

six states and three union territories in India 

from May to December 2022. Their results 

revealed a significant number of coinfections 

with H1N1pdm09 and Influenza A (other 

subtypes) in SARS-CoV-2 positive samples. In 

959 cases, they found 168 (17.5%) cases of 

coinfections by qRT-PCR. Higher prevalence 

of H1N1pdm09 was found in the age group of 

15 to <50 years compared to the other age 

groups (20). 

Our study had some limitations. Limited 

number of samples and unavailability of vacci-

nation statues of patients may affect analyses 

of our findings. Moreover, viral loads under 
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the limit of detection of the realtime PCR assay 

may lead to under-reported test results. 

 

 

Conclusion 

 
In conclusion, our findings suggest that 

coinfection with SARS-CoV-2 and influenza 

virus was not common in our investigated 

population. We suggest further studies that 

investigate the possible causes of significant 

decrease in influenza virus infections during 

the COVID-19 pandemic to better understand 

the relationship between the COVID-19 pan-

demic and the decrease in influenza virus 

infections. The most likely explanation is that 

adherence to personal hygiene guidelines, 

especially during the pandemic, led to a noti-

ceable decrease in the prevalence of other 

respiratory infections. 

 

Acknowledgment 

The patients and coworkers who directly and 

indirectly assisted us in conducting this study 

and writing this publication are acknowledged 

by the authors. 

Conflict of Interest 

No conflict of interest is declared. 

Funding 

The Research Deputy of the Iran University of 

Medical Sciences provided financial assistance 

for the current work (Grant number: 19403). 

 

References 
 

1. Li Q, Guan X, Wu P, Wang X, Zhou L, Tong Y, et al. 

Early Transmission Dynamics in Wuhan, China, of 

Novel Coronavirus–Infected Pneumonia. N Engl J Med. 

2020;382(13):1199-207. 

2. Yuki K, Fujiogi M, Koutsogiannaki S. COVID-19 

pathophysiology: A review. Clin Immunol. 2020;215: 

108427. 

3. Lansbury L, Lim B, Baskaran V, Lim WS. Co-

infections in people with COVID-19: a systematic 

review and meta-analysis. J Infect. 2020;81(2):266-75. 

4. Guan W-j, Ni Z-y, Hu Y, Liang W-h, Ou C-q, He J-x, 

et al. Clinical characteristics of coronavirus disease 2019 

in China. N Engl J Med. 2020;382(18):1708-20. 

5. Alosaimi B, Naeem A, Hamed ME, Alkadi HS, 

Alanazi T, Al Rehily SS, et al. Influenza co-infection 

associated with severity and mortality in COVID-19 

patients. Virol J. 2021;18(1):1-9. 

6. Liu Y, Yang Y, Zhang C, Huang F, Wang F, Yuan J, 

et al. Clinical and biochemical indexes from 2019-nCoV 

infected patients linked to viral loads and lung injury. 

Sci China Life Sci. 2020;63(3):364-74. 

7. Nuwarda RF, Alharbi AA, Kayser V. An overview of 

influenza viruses and vaccines. Vaccines. 2021;9(9): 

1032. 

8. Klimov AI, Garten R, Russell C, Barr IG, Besselaar 

TG, Daniels R, et al. WHO recommendations for the 

viruses to be used in the 2012 Southern Hemisphere 

Influenza Vaccine: epidemiology, antigenic and genetic 

characteristics of influenza A (H1N1) pdm09, A (H3N2) 

and B influenza viruses collected from February to 

September 2011. Vaccine. 2012;30(45):6461-71. 

9. Pormohammad A, Ghorbani S, Khatami A, Razizadeh 

MH, Alborzi E, Zarei M, et al. Comparison of influenza 

type A and B with COVID‐19: A global systematic 

review and meta‐analysis on clinical, laboratory and 

radiographic findings. Rev Med Virol. 2021;31(3): 

e2179. 

10. Kash JC, Taubenberger JK. The role of viral, host, 

and secondary bacterial factors in influenza pathoge-

nesis. Am J Pathol. 2015;185(6):1528-36. 

11. Cheng Y, Ma J, Wang H, Wang X, Hu Z, Li H, et al. 

Co‐infection of influenza A virus and SARS‐CoV‐2: A 

retrospective cohort study. J Med Virol. 2021;93(5): 

2947-54. 

12. Ozaras R, Cirpin R, Duran A, Duman H, Arslan O, 

Bakcan Y, et al. Influenza and COVID‐19 coinfection: 

report of six cases and review of the literature. J Med 

Virol. 2020;92(11):2657-65. 

13. Jiang C, Yao X, Zhao Y, Wu J, Huang P, Pan C, et 

al. Comparative review of respiratory diseases caused by 

coronaviruses and influenza A viruses during epidemic 

season. Microbes Infect. 2020;22(6-7):236-44. 

14. Zhang N, Wang L, Deng X, Liang R, Su M, He C, et 

al. Recent advances in the detection of respiratory virus 

infection in humans. J Med Virol. 2020;92(4):408-17. 

15. Dadashi M, Khaleghnejad S, Abedi Elkhichi P, 

Goudarzi M, Goudarzi H, Taghavi A, et al. COVID-19 

and influenza co-infection: a systematic review and 

meta-analysis. Front Medicine (Lausanne). 2021;8: 

681469. 

16. Zoran MA, Savastru RS, Savastru DM, Tautan MN. 

Assessing the relationship between surface levels of 

PM2. 5 and PM10 particulate matter impact on COVID-

19 in Milan, Italy. Sci Total Environ. 2020;738:139825. 

17. Garg I, Gangu K, Shuja H, Agahi A, Sharma H, 

Bobba A, et al. COVID-19 and influenza coinfection 

outcomes among hospitalized patients in the United 

States: a propensity matched analysis of national 

inpatient sample. Vaccines. 2022;10(12):2159. 

 [
 D

ow
nl

oa
de

d 
fr

om
 jo

ur
na

l.i
sv

.o
rg

.ir
 o

n 
20

25
-1

2-
13

 ]
 

                               5 / 6

http://journal.isv.org.ir/article-1-509-fa.html


Low Prevalence Of SARS-COV-2 And Influenza Virus Coinfection 

40 Iranian Journal of Virology, Volume 16, Number 2, 2022    

 

18. Pawlowski C, Silvert E, O'Horo JC, Lenehan PJ, 

Challener D, Gnass E, et al. SARS-CoV-2 and influenza 

coinfection throughout the COVID-19 pandemic: an 

assessment of coinfection rates, cohort characteristics, 

and clinical outcomes. PNAS nexus. 2022;1(3):pgac071. 

19. Rezaee D, Bakhtiari S, Jalilian FA, Doosti-Irani A, 

Asadi FT, Ansari N. Coinfection with severe acute 

respiratory syndrome coronavirus 2 (SARS-CoV-2) and 

influenza virus during the COVID-19 pandemic. Arch 

Virol. 2023;168(2):53. 

20. Ravikumar S, Tamboli E, Rahangdale S, Salsekar L, 

Tomar SS, Khairnar K. Dynamics of Influenza A and 

SARS-CoV-2 coinfections during the COVID-19 pan-

demic in India. medRxiv. 2023:2023.02.19.23285730. 

21. Tang CY, Boftsi M, Staudt L, McElroy JA, Li T, 

Duong S, et al. SARS-CoV-2 and influenza co-infection: 

A cross-sectional study in central Missouri during the 

2021–2022 influenza season. Virology. 2022;576:105-

10. 

22. Swets MC, Russell CD, Harrison EM, Docherty AB, 

Lone N, Girvan M, et al. SARS-CoV-2 co-infection with 

influenza viruses, respiratory syncytial virus, or 

adenoviruses. Lancet. 2022;399(10334):1463-4. 

23. Huang C, Wang Y, Li X, Ren L, Zhao J, Hu Y, et al. 

Clinical features of patients infected with 2019 novel 

coronavirus in Wuhan, China. Lancet. 2020;395(10223): 

497-506. 

24. Rubin R. What Happens When COVID-19 Collides 

With Flu Season? JAMA. 2020;324(10):923-5. 

25. Kumar N, Sharma S, Barua S, Tripathi BN, Rouse 

BT. Virological and immunological outcomes of 

coinfections. Clin Microbiol Rev. 2018;31(4):e 00111-

17. 

26. Ma L, Wang W, Le Grange JM, Wang X, Du S, Li 

C, et al. Coinfection of SARS-CoV-2 and other respira-

tory pathogens. Infect Drug Resist. 2020;13:3045-53. 

27. Jiang S, Liu P, Xiong G, Yang Z, Wang M, Li Y, Yu 

X-j. Coinfection of SARS-CoV-2 and multiple res-

piratory pathogens in children. Clin Chem Lab Med. 

2020;58(7):1160-1. 

28. Duployez C, Le Guern R, Tinez C, Lejeune A-L, 

Robriquet L, Six S, et al. Panton-valentine leukocidin–

secreting Staphylococcus aureus pneumonia compli-

cating COVID-19. Emerg Infect Dis. 2020;26(8):1939-

41. 

29. Blaize M, Mayaux J, Nabet C, Lampros A, Marcelin 

A-G, Thellier M, et al. Fatal invasive aspergillosis and 

coronavirus disease in an immunocompetent patient. 

Emerg Infect Dis. 2020;26(7):1636-37. 

30. Ali R, Patel A, Chan KH, Veeraballi S, Slim J. A 

case series of SARS-CoV-2 and influenza co-infection. 

Cureus. 2021;13(8):e17597. 

31. Kondo Y, Miyazaki S, Yamashita R, Ikeda T. 

Coinfection with SARS-CoV-2 and influenza A virus. 

BMJ Case Rep. 2020;13(7):e236812. 

32. Cuadrado-Payán E, Montagud-Marrahi E, Torres-

Elorza M, Bodro M, Blasco M, Poch E, et al. SARS-

CoV-2 and influenza virus co-infection. Lancet 

(London, England). 2020;395(10236):e84. 

33. Azekawa S, Namkoong H, Mitamura K, Kawaoka 

Y, Saito F. Co-infection with SARS-CoV-2 and 

influenza A virus. IDCases. 2020;20:e00775. 

34. Aggarwal N, Potdar V, Vijay N, Mukhopadhyay L, 

Borkakoty B, Manjusree S, et al. SARS-CoV-2 and 

Influenza Virus Co-Infection Cases Identified through 

ILI/SARI Sentinel Surveillance: A Pan-India Report. 

Viruses. 2022;14(3):627. 

35. Eisen AKA, Gularte JS, Demoliner M, de Abreu 

Goes Pereira VM, Heldt FH, Filippi M, et al. Low 

circulation of Influenza A and coinfection with 

SARS‐CoV‐2 among other respiratory viruses during the 

COVID‐19 pandemic in a region of southern Brazil. J 

Med Virol. 2021;93(7):4392-8. 

36. Nickbakhsh S, Mair C, Matthews L, Reeve R, 

Johnson PCD, Thorburn F, et al. Virus–virus inter-

actions impact the population dynamics of influenza and 

the common cold. Proc Natl Acad Sci USA. 2019;116 

(52):27142-50. 

37. Antony SJ, Almaghlouth NK, Heydemann EL. Are 

coinfections with COVID-19 and influenza low or 

underreported? An observational study examining 

current published literature including three new unpub-

lished cases. J Med Virol. 2020;92(11):2489-97. 

 

 

 [
 D

ow
nl

oa
de

d 
fr

om
 jo

ur
na

l.i
sv

.o
rg

.ir
 o

n 
20

25
-1

2-
13

 ]
 

Powered by TCPDF (www.tcpdf.org)

                               6 / 6

http://journal.isv.org.ir/article-1-509-fa.html
http://www.tcpdf.org

