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Abstract: Human influenza is an acute respiratory infectious disease caused by influenza virus.

Among the four types (A, B, C, and D) of influenza virus, influenza A and B viruses are the common

pathogens causing human influenza. The patients with influenza virus infections mainly have

respiratory syndromes and severe cases usually develop into pneumonia. In addition, the severe cases

and mortality will increase in the case of coinfection or secondary infection of influenza virus with

other pathogens (other viruses, bacteria, Mycoplasma, etc.). There has been an increasing trend of

coinfections caused by influenza virus together with other pathogens. In this review, we briefly

described the research progress in coinfections and secondary infections of influenza A or B virus with

other pathogens, aiming to support the diagnosis and treatment of the complicated infections.
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Table 1

and other pathogens!'' !

Clinical symptoms and pathogenesis of coinfections and secondary infections with influenza A virus

Mixed infection with bacteria,

. Clinical symptoms
Mpycoplasmas or other viruses ymp

Pathogenesis References

Streptococcus pneumoniae, SP IAV mainly invades the

respiratory system and causes
severe damages to respiratory

epithelial cells

Group A Streptococcus, GAS

Mycoplasma pneumoniae, MP
bronchiolitis in children

H7NO avian influenza virus, AIV  Multiple organ failure

Severe acute respiratory
syndrome coronavirus 2,
SARS-CoV-2

Aggravating respiratory

in mouse models

pathology and death process and
causing more severe lung injury

After bronchial mucosa is disrupted by
1AV, Streptococcus pneumoniae could
easily attach to mucosa and grow in
targeted cells, finally invade lung tissues
and blood

Influenza virus mediated dysfunction of
immune factors such as neutrophils
might result in pyogenic infections in
lung or other organs caused by
Pneumococcus

[11-13]

IAV infection induces respiratory CypA promotes secondary GAS infection [13-16]
tract damages and promotes

secondary bacterial attachment
MP increased severity of acute

through a TGF-B/Smad-independent
pathway

MP infection causes damage to
respiratory mucosal cells, resulting in
decreased host immunity, which in turn
leads to mixed/secondary infection with
other pathogens

Increased secretion of pro-inflammatory [23]
cytokines in patients with H7N9
infection, causing cytokine storm, and
failure of protective immune responses
IAV infection may induce more
expression of the ACE2 receptors for
SARS-CoV-2, prolong the SARS-CoV-2
shedding period, enhance tissue tropism,
and cause severe inflammatory
infiltration and bronchiolar damage in
the lung

[17-22]

[28-32]

http://journals.im.ac.cn/actamicrocn



4734

Lu Yafei et al. | Acta Microbiologica Sinica, 2022, 62(12)

1.1 BEURRR S A R ME

FET- Y A, PP R i R A A SRR i L
Y200 TR AT M B R TR . 48 B (LA A BR A A A IR
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Table 2

pathogens[33734’36’38]

Clinical symptoms and mechanisms of coinfection with influenza B virus and other

Mixed infection with

. . Clinical symptoms Pathogenesis References
bacteria or other viruses
Stenotrophomonas Neurological symptoms and diagnosis of Stenotrophomonas maltophilia could [34]
maltophilia, SM acute disseminated encephalomyelitis secrete protease and enhance IBV infection
Methicillin-sensitive Fatal pneumonia and sepsis T cell-mediated cellular immunity [33]

Staphylococcus aureus,
MSSA

Influenza A virus, IAV  Increased morbidity and mortality

Severe acute respiratory Exacerbated respiratory pathology and
syndrome coronavirus 2, death process, leading to more severe

SARS-CoV-2 lung injury

exacerbates IBV-induced acute lung injury

and promotes secondary bacterial invasion
Co-infection of IAV and IBV increases [36]
inflammation and causes the high

morbidity and mortality

Co-infection of SARS-CoV-2 and IBV [38]
aggravates respiratory diseases and causes

more serious lung damage, but the clinical
pathogenesis and pathological process of
co-infection with these two viruses need to

be further studied

& (Stenotrophomonas maltophilia, SM)IR& Bk
ERE MM RGUER, RS SRR
i & 42 (acute disseminated encephalomyelitis,
ADEM); SR, WEHE 2 ZE 5% B 4 B Y
e 3 0 £ B I R B R Hh R 4 A
M, SM 5 2 BOR FE R A G, nl e dh EE
S L 380 B B A0 O S K i HE B
RIS Ak, 2 R s B R L J5 AR E T
YT Ak KR o B IR T SR R R AL
AE . SCUEI E R JZ S SR AN T R
AT 2 240 T ) S e TR BT, Ak SR e 4 v 1Pk
W58 s F3— i, B e S IR LA
DAY i 960 5 200 ¥ I R B f i MR e — A PR o
PR (nicotinamide adenine dinucleotide phosphate,
NADPH) % b B A3 i A 77, 55 il w2 s 448 i
I I 2 4 A W D RE Y R T 2 R e 1
Ab, FRATIE ST 141 BA A S8 15 %) Y R 3 e 25 A
15 822 2 7 B TR B B 1 O, iE—
S w AT I, H3IN2 g HVE L 5
I B RNR G G HE TR S, S TR
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BERGHEREIS ), B T A A R AR R
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AL 2 B s B TR & I T AN
W, T U4 22 52 18 B AGr I H 0 b 7 T 6 Jak g
M, FERE BN R R I R B
5 RV B TR TR G SR i, P B A SR B 1Y
IR | A B R B s A O R
(nucleoprotein of influenza B virus, BNP)Z:[Hfitt
R it 8 25 SR G I A S W IERRIE L, kT
PR A S, SEH AR ERENE
HIRELEDO [Rlms,  FR RN 2, 0 30 s 1 =2 [l A7
16 B 40 AT T A0 52 SR, AT BE R g 1k
SRR,

AV SARS-CoV-2 sy fif £
R, G EMN—% &R R A B
SARS-CoV-2 f 8 H 1R -& By hin e 2 2 el
R, GIEEE G, (TP
WEFEIX 2 B BE G I I 1 i DR & s R AE A
PRUERE | DAt — A ) TR A5 T 1 &9 ML ).
EAS ORI, 08T b il 98 32 1 A 3R KA T 1Y
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BT, 2021 BB T AU E B/Victoria
RARMBETERWIATHG L. BRI, 2% P)¢
BRI #E 5 SARS-CoV-2 IR G
TR AR GL e Ho G| A B PR HE R o

3 NG
BT 2 B e R 58 s

FEWUASGRE TR, TERER G, B9k
A A T A Ak 2 SRR, O T S O e o
ZHET; [l HELEAH TR AT DGR S e B Y
BEFE T U R BE AL T DA E— S 2 T 0 B
UGS, R UL RN T IR A Fak kSR A%
SARS-CoV-2 HHBLIK, 7EABEHHFLE R
1T o MRHE IR B KIRAT I AL, R EEAR ] RBAE
RGAT AR B i A, KA T IR AE AR 2
FAHKIAWAT . H AR B S SARS-CoV-2
RGBS BRI L, HIRG 8 5 8
3 1IN T B R S I Bl ) 1) R RO

TR A IR sl 4k R R B T R R
J& Ay ERE BAE T A XURS: T FLTR A e 5 i —
LA LTS 8025 . R AR DA R TR A Tk e
PRI DA T A G B DR 22, B DATR S TR ) K s
BILTHI AN 7 36 T At ATE 2 X I IR YA Y7 LA S 48
FEX,

VB EE A SARS-CoV-2 [ [a] i 7775 Fl v
15, I 8-S A R AR A RIS B ak & kg
B 25 () H 250 B, X R TE RIS A
P T H . TERTRE I PN IR T HTE 3
T, ANERC TR B T . FRATTIEA
R & B, dbatihX 2016-2017 31T H AU
TR B, T 2019-2020 4F %2 DL A H3N2 W
RIS 32,1 2020 4F 12 H 2A4F K 24 FERAT
2T B/ Victoria 1 R, % B B R I 45
P X FEZ AT B/ Victoria i B (https://www.

who.int/tools/flunet/flunet-summary),

R, e 8 n ik 20 Y i H 7R 9 R B S
SARS-CoV-2 JRA YL AT, s H o 5
(LT 5 R 25 s i R0 1 It Joi 4 55 ) S
UL TR (4 AT BT 4 e TR TR A S SR AR
£ SARS-CoV-2 Z [l IR G IRt 52, LA B
TR A B RIL R AL, AU SE R R 0 5% i
7%, NZPEEE RS SARS-CoV-2 REG %
L 7 4 R Wk 1) ) R B AR HE A o (RIS i s
Xof i BRI T 2 T O S B RN, R A
JLFESFE P SR M AHE . A, E 2
SRR [ I B LT 2155 00, e R VR T
%, BRI EOR M IF R B Bk
A S D D AV RRS N, Sy I W T A G g
i Rfis . R SR A EE SC
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