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[ Abstract]  Bacterial reinfection in the lungs of patients with influenza virus (IV) is a key factor leading to
serious illness and death. The adverse consequences caused by co-infection with IV and Streptococcus pneumoniae
(SPN) impose a serious burden on patients. However, the specific pathogenesis is complex, how to make better use
of the mouse animal model of IV/SPN co-infection for subsequent basic research is of great significance. This article
reviews the selection of animals, the selection of pathogen types, the selection of different modeling times, the
identification of the co-infection model, and its applications in the IV/SPN co-infection model, so as to provide a
reference for the selection of animal models of IV/SPN co-infection in the future.
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E A Je n] LA B b Sh WA AR D AT TR 52
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TEAUR YL TV jYJili 2, 32 202 40 3 U R
L R 96 TR) BT b 4 P 4 i 92 i LA R i A S L
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FLIRG Y /N BT 8] S5 Rl 9 s (8] rh 3% 30 % 4R
(0 28 M A0 B R TR OF A 3 Y i i A 8 T
LN A =3 1 O o ) v 2
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Xf bR gy 5 gl P AR R b R i e
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S8 LABA A 32 % e /DS U F8 14 U g o J e 4
YA B, 7E MDCK 41 Jifg | 3% 22 10 4% 7 B /Y il
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b PCR A7 U088 95 2 O HE 2 P A M1 B P )
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Tt 4L U A i E RNA 5 DLALC
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A DL PR i 2 LAY 3R S B E R DL S SR
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BALF) #EA7TI0 7€ o 3% 22 F B A 1 B AR~ M b it 1
BE % 68 BALF 5 Y Y R0 ihi 28 23 v 1) fil 4% 6% 2K
JEAT E 7,37 C LW E R 5% CO, B3t )E, A
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S PCROAE 5 ¥E A4 A il % BE 2R W b v R
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S
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T BRI 8 B T S R, AT R R A B )
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e, I A Sl W 4 9 aT L RS B R A3 B AR Y
1 B R 55 T X — AR A0 RE AR e AE B )
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I3 15 2 0 /0 BRI IR R I A8 BR TR A 4% A UE1 ) R T
J& &5 10 R B ] S 0 /N BRURH EL R DK
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Jo AN B 25 JRy TR G B Hh = 24 9 7 4 24 X6 B i G
TR M 5075 1 A R o

4 iTfig

PAT SBP 1 15 LR 2 3 4 R T, T — 1K
AT R 30 7 JE W o 25 5 5V X4 249 i
24 P U, R 5 SO 4 9 3 0
0 G D A R ORI 2 B
IR 2 60 00 D FH 5 B 5 1R AL e o
A 9 A 22 DA A 1 R LR T 4 3 0
R A 24 5 A A 1 9 D B 1
W S 6T B . R 3 0 i % R A
R e ML D 2 B O 3 40 P
S HE e o A8 245 SO T 71 3 9 7 3% e
(1 IV 5 SPIN e 2 ] e ) ] £ 95 2 3 R
iy ) £ o 0 BT 7 e
A1 P AR SR 199 B 5 5 SR 5 38 1 3
e Sh PP AT A B . SO A ) 2 b
KT L B R 30 0, L0000 T 2 B
N R S A5 A B (B R 5 A
HPATAEAE— 2 (09 5% 5% 4 ST WA 26 3t
el AL . AN 7 S 0 22 o T B A7 9% 5
AT A4 L LR

IR A M S I R L3R 45 A {2
7% 5 2047 58 G R 1 50 B 5 i — 25
e ShHTBER 42 % 3655 NS0 AL . AN G
1 e i 0 K 9 T
TR Sy A3 2 1 AR 53 A 3 265 o 2
e HERGOF S0 25 54 I FLL B S 45 4
PR E A USRS 07 , VA 5 38 8% 34 1 B0 34
7 R A T L6012

Sk

[ 1] MORENS D M, TAUBENBERGER J K, FAUCI A S.
Predominant role of bacterial pneumonia as a cause of death
in pandemic influenza; implications for pandemic influenza
preparedness [ J]. J Infect Dis, 2008, 198(7) : 962-970.

[ 2] MCCULLERS ] A. Preventing and treating secondary
bacterial infections with antiviral agents [ J]. Antivir Ther,
2011, 16(2): 123-135.

[ 3] PALACIOS G, HORNIG M, CISTERNA D, et al

Streptococcus pneumoniae coinfection is correlated with the

severity of HIN1 pandemic influenza [ J]. PLoS One,
2009, 4(12) . e8540.

[4] DAWOOD F S, CHAVES S S, PEREZ A, et al

Complications and associated bacterial coinfections among



176

o B A R 2 AR 2025 4R

=3 HE 35 %% 3 Chin J Comp Med, March 2025,Vol. 35,No. 3

[8]

[12]

[13]

[14]

children hospitalized with seasonal or pandemic influenza,

United States, 2003-2010 [ J]. J Infect Dis, 2014, 209
(5): 686-694.
COHN O, YANKOVITZ G, MANDELBOIM M, et al. The

host transcriptional response to superinfection by influenza A
virus and Streptococcus pneumoniae [J]. 2024, 9

(4): e0104823.
ARRANZ-HERRERO ],

mSystems,
PRESA J, RIUS-ROCABERT S,
et al. Determinants of poor clinical outcome in patients with
influenza pneumonia: a systematic review and meta-analysis
[J]. Int ] Infect Dis, 2023, 131: 173-179.

HERNANDEZ-MORFA M, REINOSO-VIZCAION N M,

ZAPPIA V E, et al. Intracellular Streptococcus pneumoniae
develops enhanced fluoroquinolone persistence  during
influenza A coinfection [ J ]. Front Microbiol, 2024,

15: 1423995.
S, TR, SR, S RO T 5 A B Rk T K
Qéxﬁ%ﬁ?ﬂ%@lmﬁwﬁﬁmﬁ (1. g u/ﬁJL
Bl 2021, 13(3): 201-204.

HE H, WANG X F, ZHANG X Y, et al. Research progress
in animal models of co-infection by influenza virus and
Streptococcus pneumoniae at home and abroad [ J]. Chin
Pediatr Integr Tradit West Med, 2021, 13(3): 201-204.
MELO E M, DEL SARTO J, VAGO J P, et al. Relevance

of angiotensin-( 1-7) and its receptor Mas in pneumonia

caused by influenza virus and post-influenza pneumococcal

infection [ J]. Pharmacol Res, 2021, 163 105292.
PALANI S, UDDIN M B, MCKELVEY M, et al. Immune
predisposition  drives  susceptibility to  pneumococcal

pneumonia after mild influenza A virus infection in mice
[J]. 2023, 14. 1272920.
ZHAO G, LIU C, KOU Z,

Front Immunol,
et al. Differences in the
pathogenicity and inflammatory responses induced by avian
influenza A/H7N9 virus infection in BALB/¢ and C57BL/6
mouse models [ J]. PLoS One, 2014, 9(3) . €92987.
OTTE A, SAUTER M, ALLEVA L, et al. Differential host
determinants contribute to the pathogenesis of 2009 pandemic
HIN1 and human H5N1 influenza A viruses in experimental
mouse models [ J]. Am J Pathol, 2011, 179 (1) 230
-239.

SELLERS R S, CLIFFORD C B, TREUTING P M, et al.
Immunological variation between inbred laboratory mouse
consider in phenotyping genetically

Vet Pathol, 2012, 49(1); 32

strains; points to
immunomodified mice [J].
-43.

MIZGERD J P, SKERRETT S J. Animal models of human
pneumonia [ J]. Am J Physiol Lung Cell Mol Physiol,
2008, 294(3): L387-1398.

OH D Y, HURT A C. Using the ferret as an animal model

for investigating influenza antiviral effectiveness [ J]. Front

[16]

[17]

[18]

[19]

[20]

[21]

[23]

[24]

[25]

[26]

Microbiol, 2016, 7. 80.
ROWE H M, LIVINGSTON B, MARGOLIS E,

et al.

airborne

2020, 5

Respiratory  bacteria stabilize and promote

transmission of influenza A virus [ J].
(5): e00762-20.
MCCULLERS J A, MCAULEY J L, BROWALL S,

mSystems,

et al.
Influenza enhances susceptibility to natural acquisition of and

disease due to Streptococcus pneumoniae in ferrets [ J]. ]

Infect Dis, 2010, 202(8) : 1287-1295.
X2, MRET, BAL, % FRAEPURG YRR
s R A [T]. P ESER S, 2024, 32(6) .

799-818.
LIU X W, TANG Z N, PENG D D,

Use of ferrets in

Acta Lab

et al.
nonclinical studies of anti-infective drugs [ J].
Anim Seci Sin, 2024, 32(6) : 799-818.

W, K, A, SF. JEARK KW

TG

BT (], E SR s e 4, 2021, 29
(2): 248-255.

HUANG T, ZHANG H T, LIZ X,

et al. Research progress
in non-human primate virus infection models [ J]. Acta Lab
Anim Sci Sin, 2021, 29(2): 248-255.

MIYAKE T, SODA K, ITOH Y,

et al. Amelioration of

pneumonia with Streptococcus  pneumoniae infection by
inoculation with a vaccine against highly pathogenic avian
influenza virus in a non-human primate mixed infection
model [J]. J Med Primatol, 2010, 39(1) . 58-70.
PITTET L A, HALL-STOODLEY L, RUTKOWSKI M R, et
al. Influenza virus infection decreases tracheal mucociliary
velocity and clearance of Streptococcus pneumoniae [ J]. Am
J Respir Cell Mol Biol, 2010, 42(4) . 450-460.
TAUBENBERGER J K, MORENS D M. The 1918 influenza
pandemic and its legacy [ J]. Cold Spring Harb Perspect
Med, 2020, 10(10) : a038695.

BURRELL A, HUCKSON S, PILCHER D. ICU admissions
for sepsis or pneumonia in Australia and New Zealand in
2017 [J]. N Engl J Med, 2018, 378(22) . 2138-2139.
MIFSUD E J, FARRUKEE R, HURT A C, et al. Infection
with different human influenza A subtypes affects the period

of susceptibility to secondary bacterial infections in ferrets

[J]. FEMS Microbes, 2022, 3. xtacOll.

PELTOLA V T, GOPAL MURTI K, MCCULLERS ] A.
Influenza virus neuraminidase contributes to secondary
bacterial pneumonia [J]. J Infect Dis, 2005, 192(2) ; 249
-257.

GANAIE F, SAAD J S, MCGEE L, et al. A new

pneumococcal capsule type, 10D, is the 100th serotype and
has a large cps fragment from an oral Streptococcus [ J].
mBio, 2020, 11(3): e00937-20.

FLEMING-DUTRA K E, TAYLOR T, LINK-GELLES R, et

al. Effect of the 2009 influenza a ( HIN1) pandemic on



i E LR E 2 2025 4F 3 HSS 35 5% 3] Chin J Comp Med, March 2025, Vol. 35,No. 3 177

[28]

[29]

[30]

[31]

[32]

[34]

[35]

[36]

[37]

invasive pneumococcal pneumonia [ J]. J Infect Dis, 2013,
207(7): 1135-1143.

ZM. ICICE CD4 T 240 s X TAV/Sp S 2 1) 6 iz {7
MUl [D]. . RIBZE@E K, 2015.

JIANG B. Immunoprotective mechanism of memory CD4 T
cells against IAV/Sp co-infection [ D]. Shanghai: Shanghai
Jiao Tong University, 2015.

SHARMA-CHAWLA N, SENDER V, KERSHAW O, et al.
Influenza A virus infection predisposes hosts to secondary
infection with different Streptococcus pneumoniae serotypes
with similar outcome but serotype-specific manifestation [ J].
Infect Immun, 2016, 84(12) : 3445-3457.

LENHARD A, JOMA B H, SINAPORNCHAI N, et al. A
mouse model for the transition of Streptococcus pneumoniae
from colonizer to pathogen upon viral co-infection
recapitulates age-exacerbated illness [J]. J Vis Exp, 2022
(187) : e64419.

MARKS L R, DAVIDSON B A, KNIGHT P R, et al.
InterKingdom signaling induces Streptococcus pneumoniae
biofilm dispersion and transition from
colonization to disease [ J]. mBio, 2013, 4(4) . 00438
-13.

ROWE H M, MELIOPOULOS V A, IVERSON A, et al.

asymptomatic

Direct interactions with influenza promote bacterial
adherence during respiratory infections [ J]. Nat Microbiol,
2019, 4(8) . 1328-1336.

CHEN W H, TOAPANTA F R, SHIREY K A, et al.
Potential role for alternatively activated macrophages in the
secondary bacterial infection during recovery from influenza
[J]. Immunol Lett, 2012, 141(2) ; 227-234.

WANG Q, REN X, WU J, et al. Protocatechuic acid
protects mice from influenza A virus infection [ J]. Eur J
Clin Microbiol Infect Dis, 2022, 41(4) : 589-596.
W, B, R, . F5 E RS X S
il ¢ 4% BR 1A SR B g e e LA I s [T]. i
P BE 45 & 24, 2023, 43(11) ; 1350-1358.

XU W T, WANG X F, YANG J S, et al. Effect of xuanbai
Chengqi decoction on pulmonary and intestinal immune
injury induced by coinfection of influenza virus and
Streptococcus pneumoniae [ J]. Chin J Integr Tradit West
Med, 2023, 43(11): 1350-1358.

KASH J C, WALTERS K A, SALLY DAVIS A, et al.
Lethal synergism of 2009 pandemic HINI influenza virus and
Streptococcus pneumoniae coinfection is associated with loss of
murine lung repair responses [ J]. mBio, 2011, 2(5);
e00172-11.

SR, W, EEWE, S H AR IR S T 2y
S L O B AR i R T LR e N U AR 4 BL
[J]. EPIGESS 8, 2024, 44(5) : 592-602.

SHI J Z, CHANG Y C, WANG X F, et al. Mechanism of

[38]

[40]

[41]

[42]

[43]

[45]

[46]

modified Xuanbai Chengqi decoction combined with western
virus/

Chin J

medicine in improving pneumonia in influenza
Streptococcus pneumoniae co-infected mice [ J ].
Integr Tradit West Med, 2024, 44(5) : 592-602.
MCCULLERS J A, REHG J E. Lethal synergism between
influenza virus and Streptococcus pneumoniae
characterization of a mouse model and the role of platelet-
activating factor receptor [ J]. J Infect Dis, 2002, 186(3) :
341-350.
SMITH A M, MCCULLERS J A, ADLER F R.
Mathematical model of a three-stage innate immune response
to a pneumococcal lung infection [ J]. J Theor Biol, 2011,
276(1): 106-116.

SENDER V, HENTRICH K, PATHAK A, et al. Capillary
leakage nutrients and antioxidants for

provides rapid

pneumococcal influenza-infected lower

airways [ J]. Proc Natl Acad Sci U S A, 2020, 117(49) .
31386-31397.

proliferation  in

IVANOV S, RENNESON J, FONTAINE J, et al
Interleukin-22 reduces lung inflammation during influenza A
virus infection and protects against secondary bacterial

infection [J]. J Virol, 2013, 87(12): 6911-6924.
TAVARES L P, BRUGGEMANN T R, REZENDE R M, et
al. Cysteinyl maresins reprogram macrophages to protect
mice from Sireptococcus pneumoniae after influenza A virus
infection [J]. mBio, 2022, 13(4) . e0126722.
ADEGBOLA R A, OBARO S K, BINEY E, et al
Evaluation of Binax now Streptococcus pneumoniae urinary
antigen test in children in a community with a high carriage
rate of pneumococcus [ J]. Pediatr Infect Dis J, 2001, 20
(7): 718-719.

DIAVATOPOULOS D A, SHORT K R, PRICE J T, et al.
Influenza A virus facilitates Streptococcus pneumoniae
transmission and disease [ J]. FASEB J, 2010, 24 (6):
1789-1798.

SAKATANI H, KONO M, NANUSHAJ D, et al. A novel
surface protein K  of

pneumococcal nonencapsulated

Streptococcus  pneumoniae promotes transmission among

littermates in an infant mouse model with influenza A virus
coinfection [J]. Infect Immun, 2022, 90(2); e0062221.
B, R, skFHIE, & F RS RS E A
W A AE TV/SPN S g e ST S50 fili i 52 453 v iy HL A 5 [
W E EE 2, 2023, 34(10) ; 2309-2314.

YANG J S, WANG X F, ZHANG X Y, et al. Study on the
mechanism of Xuanbai Chengqi Decoction regulating
macrophage polarization in lung and intestine injury induced
by IV/SPN co infection [J]. Lishizhen Med Mater Med
Res, 2023, 34(10) : 2309-2314.

SUMITOMO T, NAKATA M, NAGASE S, et al. GP96

drives exacerbation of secondary bacterial pneumonia



178

i E LR BE 2 2025 4F 3 HSS 35 5% 3] Chin J Comp Med, March 2025,Vol. 35,No. 3

[48]

[49]

[50]

[51]

[55]

[56]

[57]

[58]

[59]

following influenza A virus infection [ J]. mBio, 2021, 12
(3): €0326920.

ELLIS G T, DAVIDSON S, CROTTA S, et al. TRAIL'

monocytes and monocyte-related cells cause lung damage and

thereby increase susceptibility to influenza-Streptococcus

pneumoniae coinfection [ J]. EMBO Rep, 2015, 16(9):
1203-1218.

HU L, SUN L, YANG C, et al. Gut microbiota-derived
acetate attenuates lung injury induced by influenza infection
via protecting airway tight junctions [ J]. J Transl Med,
2024, 22(1) ; 570.
VAN ELDEN L J, NIJHUIS M, SCHIPPER P, et al
Simultaneous detection of influenza viruses A and B using
real-time quantitative PCR [ J]. J Clin Microbiol, 2001, 39
(1): 196-200.
VERSTRAETEN S, SENCIO V, RAISE A, et al
Description of a newly isolated blautia faecis strain and its
benefit in mouse models of post-influenza secondary enteric
and pulmonary infections [ J ]. 2022, 14
(7): 1478.

WALTERS K A, D’ AGNILLO F, SHENG Z M, et al. 1918

Nutrients,

pandemic influenza virus and Streptococcus pneumoniae co-
infection results in activation of coagulation and widespread
pulmonary thrombosis in mice and humans [ J]. J Pathol,
2016, 238(1): 85-97.

MILLS C E, ROBINS J M, LIPSITCH M. Transmissibility of
1918 pandemic influenza [ J]. Nature, 2004, 432(7019) .
904-906.
BRUNDAGE J F, DENNIS SHANKS G. Deaths from
bacterial pneumonia during 1918 ~ 19 influenza pandemic
[J]. Emerg Infect Dis, 2008, 14(8): 1193-1199.

VAN ASTEN L, LUNA PINZON A, DE LANGE D W, et
al. Estimating severity of influenza epidemics from severe
acute respiratory infections ( SARI) in intensive care units
[J]. Crit Care, 2018, 22(1): 351.

SIEGEL S J, ROCHE A M, WEISER J N.

Influenza

promotes pneumococcal growth during coinfection by
providing host sialylated substrates as a nutrient source [J].
Cell Host Microbe, 2014, 16(1): 55-67.

GDAVID C, VERNEY C, SI-TAHAR M, et al. The deadly
dance of alveolar macrophages and influenza virus [J]. Eur
Respir Rev, 2024, 3(174) . 240132.

WEI L, WANG X, ZHOU H. Interaction among

inflammasome, PANoptosise, and innate immune cells in
infection of influenza virus: Updated review [ J]. Immun
Inflamm Dis, 2023, 11(9) : e997.

KONO M, NANUSHAJ D, SAKATANI H, et al. The roles
potential vanilloid 1 and 4 in

of transient receptor

pneumococcal nasal colonization and subsequent development

[60]

[61]

[63]

[64]

[65]

[66]

[67]

[68]

Front Immunol, 2021,

of invasive disease [ J ].
12: 732029.

WU Y, TU W, LAM K T, et al. Lethal coinfection of
influenza virus and Streptococcus pneumoniae lowers antibody
response to influenza virus in lung and reduces numbers of
germinal center B cells, T follicular helper cells, and plasma
cells in mediastinal lymph Node [J]. J Virol, 2015, 89
(4): 2013-2023.

LI'Y, YANG Y, CHEN D, et al. Memory Th17 cell-
mediated protection against lethal secondary pneumococcal
pneumonia following influenza infection [ J]. mBio, 2023,
14(4) . €0051923.

AEE, WA, A5, 4. PCT HBP SAA X HAF 5 #5 T
il 5% 24k e A R R R S W INE [T, TP EBEZRLE,
2023, 13(23) . 177-180.

CAI Y, XIE F J, SUN Y, et al. Diagnostic value of PCT,
HBP, and SAA in patients with bacterial infection secondary
to severe viral pneumonia [ J]. China Med Pharm, 2023,
13(23) . 177-180.

SHORT K R, DIAVATOPOULOS D A, READING P C, et
al. Using bioluminescent imaging to investigate, synergism
between Streptococcus pneumoniae and influenza A virus in
infant mice [J]. J Vis Exp, 2011, 50, 2357.

GINGERICH A D, ROYER F, MCCORMICK A L, et al.
Synergistic  protection against secondary pneumococcal
infection by human monoclonal antibodies targeting distinct
epitopes [J]. J Immunol, 2023, 210(1) ; 50-60.
KUMAR S, HAZLETT K, BAI G.

s Mucosal immunity

elicited by a human-Fey receptor- I targeted intranasal
vaccine platform enhances resistance against nasopharyngeal
colonization of Streptococcus pneumoniae and induces broadly
protective immunity against respiratory pathogens [ J ].
Vaccine, 2025, 48. 126729.

ONISHI M, KITANO M, TANIGUCHI K, et al. Intravenous
peramivir inhibits viral replication, and leads to bacterial
clearance and prevention of mortality during murine bacterial
co-infection caused by influenza a( HIN1) pdm09 virus and
Streptococcus pneumoniae [ J]. Antiviral Res, 2015, 117.
52-59.

BRESLOW-DECKMAN J M, MATTINGLY C M, BIRKET S
E, et al. Linezolid decreases susceptibility to secondary
bacterial pneumonia postinfluenza infection in mice through
its effects on IFN-y [J]. J Immunol, 2013, 191(4) . 1792
-1799.

LIU J, CHEN Y Z, OU K X, et al. Anti-bacterial and anti-
viral effects of Fengreqing oral liquid in vitro and in vivo

[J]. J Tradit Chin Med, 2021, 41(4) . 530-538.

(75 B #1)2024-08-16



