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Azithromycin, a 15-membered macrolide antibiotic, inhibits influenza
A (HIN1) pdm09 virus infection by interfering with the virus

internalization process ........................................................................ Tran huu Dat
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Azithromycin, a 15-membered macrolide antibiotic, inhibits in-
fluenza A (HIN1)pdmO09 virus infection by interfering with the

virus internalization process

Tran huu Dat

¥ 8%

The pandemic influenza 2009 (A (HIN1)
pdm09) virus currently causes seasonal and an-
nual epidemic outbreaks. The widespread use of
neuraminidase inhibitors has resulted in the
emergence of drug-resistant influenza viruses.
In this study, we aimed to determine the an-
ti-influenza A (HIN1) pdm09 virus activity of
azithromycin (AZM), a re-positioned macrolide
antibiotic with potential as a new anti-influenza
candidate, and to elucidate its underlying mech-
anisms of action. OQur in vitro approaches indi-
cated that progeny virus replication was re-
markably inhibited by treatment of viruses with
AZM before infection; however, AZM adminis-
tration after infection did not affect virus repli-

cation. Further studies elucidated that AZM did
not affect attachment of viruses onto the cell
surface, but blocked internalization into host
cells during the early phase of infection. This
unique inhibitory mechanism by AZM has not
been observed in other anti-influenza drugs, in-
dicating the potential activity of AZM before
and after influenza virus infection. We per-
formed intranasal administration of AZM into
mice infected with A (HIN1) pdm09 virus. Single
treatment with AZM via the intranasal route re-
duced viral load in the lungs and relieved hypo-
thermia induced by infection. Our findings show
that AZM is an effective macrolide for the treat-
ment of human influenza.

Asia International Institute of Infectious Disease Control (ADC), Teikyo University
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Azithromycin I RAW264. 74 i8> & O LPS##EEHMGB1 O i %

S %
HNME NEEE P

HR]

~ 7074 FRIEEIZPIEIER DA b Pk
SEER R IERMEER 2 A L Tvwb, AZMOE
WIH 513 COPD AL EE D JHE % kA L, Cystic
fibrosis % O i ke BE O tr 36 & B4 3 DR 12 %) 4
I Cd 5, High Mobility Group Box 1 (HMGB1)
BHENICHERET LY 87T, b h
macrophages R #EFEAM L A 5 B H & L TRAGE,
TLR4, TLR2&Z o 7225 RITHEA L THA b h
4 LT, COPDEHZDPBALFHHMGBI
BEREEIZEETH Y, Cystic fibrosis H# DI
HMGB1 O Sl i3 MR T D 1) R &7 %10 % 34
B, AVENESE ¥ oMM 2 m L CAEAE
ERTIEL I LEPHEINTN L, AZMHP
HMGB1 D MBEA~ DB % #ifil5 2 %h 5 & Wi
L7z

(5]

RAW264. 75z 2 DMEM+10% FBS+penicillin/
streptomycin T37C, 5%COsf ¥ F 2 X —% —
THAE L 720 RAW264. 751118 % 12wells plate T—
WEEFE L, Mg 7Y — OB THREGFLIZDOBI,
LPS (E. coli O111 : B4) THIE L TR S 7z
HMGB1% Western blot T&FHili L 72. % 72 AZM
I CHMGBIAS I S L% 5 &9 7 % 5#Ali L

725

(#E£]

100, 500, 1000ng/ml LPSI1ZRAW 264.7: o @
HMIBEPE 2 FH 34 37 ICHMGB 1 2 Mg/~ &
w72, 1, 5u g/ml AZMIZ100ng/ml LPS induced
HMGB 1 @ il 2 #9# U 720 10 4 g/ml AZM %
HMGB 1 o #iizh#1% 7% <, 100 4 g/ml AZM 1%
HMGB 1 @i 2 358 & 272, 100 4 g/ml AZM
TIERAW264.7HIIE D AAF AL T L 72,

(Z=]

100, 500, 1000 ng/ml LPSIZRAW 264.75 iz ®
MM FE % 3 %6 2 97 ICHMGBL 2 Ml f Ak~ i i %
+, HMGBI1® Active release® b 7253 Z & A%
AT X 72, IR AZMMDRAW 264741107 &
DOLPS#H HEHMGB1O fy % ¥l L 720 100 1 g/
ml AZM T MBEFROETHRLTHY,
HMGB1ji H 14 5% 13 Passive releasel2 & % b D &
Zz2oNb, UEDPSAZMOBLSIERIFIZE L
THMGBIZS G- A W REMEARIE S ze 5
X Z DR & WS 5 72 0\ CHMGBU Y 12 %
et & 72 LT A5 HMGB1O 7 & F VbR
NN 7V Th LWMERF % ENAZMA ED
I IERT 2 2 MG ¥ %o
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Wi SAIAFEDILHSE 5 M TH Y, ZDI7% DL
65U ETEHD SN D, FEEICBIT BMi%D
B L ARMEERI R TH D, M ELRTVIRED
F S, MEZ FHiT 572012200 ThkAc &
WADPKGFESNTE 2o~ 70T 4 FRIUHHIL,
PUBRE PE DA R SR o Wi B R O ot
FVEHZ A L, 12U B OB AT 2 3
H5 2R EDHE SN TV B, i gD FE %2 P
T DREANOIK S WEES I, FHI S 0t Tl
W TAERICIZOBMEDD 2 HikE 2B VT,
~rug4 FRMHEORMEG BH L L, Z0
B OO FEIEAIHIEICH 2 & LAVRIE S h
2o LAL, THNIERAMEHIETH DL DN
AT AVPEGEENT VD720, [in & ARERIC X
LHMENE TN, AWEOHNE, 27 uT4
FRILHED—DTHL 75 2Au~xf vy V%21
W, ZFOREIFGC X B i g O35
2AEL T v 5 MU TRGET 5 2 L T
Hb

(R R & HiE]

3 2 H LI Bi R DTG 233 % 655 LA .o
T RE Lz, MNEE 7 ) Auv A v o4
RSG5 (200mg/ HNAR) & B G- o 2 B
W27 F 2L TR 0 247w, 20t 14
DN ROFEREREE, i FERE F TOWIM, Fligo
EIEFEICDOWTILIR L 7ze (20164E 4 A KoK
% 27 50 B e 3 B B R T FE A PSR AR % H X 12Tk

(65 R]

20164E12H 1 HA 5201841231 H £ TiZ28%
DEEDVHAANLN, 7 F) Au<q ¥ U
TEIC13%, FEHRGRELSA DR Y 0T S 7z. Wik
DRI 52 K 1 IR T (Table 1) Wik @5
IR R R WA B A2 RO 2 b o 72 (B 50
251H (95%CL 171-330H), 3k % 5 #F : 132H
(95%C1, 67-196H), p=0.627). MHili % ® 3 I 13,
BGHET 261(15%), FHGHET 5 61(33%), Nifi
2%5EE £ T oMM, %5 R T315H (95%CI
249-382H), I GHET260H (95%CI 184-335H )
T®H Y (Figure 1), &G THRIENLLS, FBES

Table 1. Baseline patient characteristics

Characteristic CAM (n=13) Control (n=15) P
Age-yr 77 (67, 78) 73 (70, 83) 0315
Gender-male 10 (77) 12 (80) 0.843
BM]-k‘g/n‘l2 21.1(17.5,21.8) 20.1(17.1,23.5) 0.758
Smoking 9 (69) 10 (67) 0.884
Vaccination 7(54) 4(27) 0.162
Chronic respiratory disease 11 (85) 14 (93) 0.461

COPD 8(61) 9 (60) 0.652
Asthma 1(8) 1(7) 0.859
Interstitial pneumonia 2(15) 1(7) 0.399
Other 0(0) 3(20) 0.230
Cerebrovascular disease 0(0) 1(7) 1.000
Diabetes mellitus 2(15) 427 0.468

Values are median (interquartile range) or number (%).

CAM, clarithromycin; BMI, body mass index; COPD, chronic obstructive pulmonary disease.
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Z LTwT, mBFEERRA AL TV,
Y TIECAMZ ST 5 L, wodiERIET <
Bl o Tz,

PUEAI 1 ~ 2 H¥#E5 CIIEER O ME I 2w
b,

Wil /Wi B IAE T2 L 5 B EB M2 E D
729, 4B O~ 715 14 F(EM, CAM) O fif
Nh%IRY 517 720

FEBIEIZCAM Tid i BB L TE 22225
720

FEBI@NE 2 FEZ O N8, 3o &) Likd o,

FEBIIE 5 » HREIT3mZ#Z L, CAMA AW
Tz k972, SHBEBEWRIECREL, ik
BRI - 72 B

FEBID 3 F Y B, FIEEREEAHRV-A, B
WCHEL, HEICEWEWHDISLHRVCAMH
N7z EMTHRAEZEL 20, BHIERIZARL &
2o MIEAEHODHRL o720

@ 7TFBER HEMFHOL T, WEHE
ez L7,

W7 VVF—=0d Y, M THREESE 7
/S

L LAz —F O E Wk, §HHRITORET
L% o 7B,

AVT W7z, B2 RO A & [AFEITH5E,
CAM %5 LTl L7z
HETHWEEZA, LIES L LTERIZEEL
%Y, 2HHITIHERIZZL o Tz,
YAV AMEORIEIE VERICHL, 54
TA VAP EN Tz,

M CTHRAFERRIEIZ X 2
Th21

HRV25HH S AR & 0 B
Thlt Tl Th21t

~ 7 a7 4 FIZX ) RERITER
¥4 FAATh2l

VHl, RO 220 BETALBITT A VR
Wit Z T o 7200, 94/ 94 VALY ERS
N, WbhbWahVEFEREEEDY Ldol,

WO EL LN, PELRVE, v 7us4
FHRI e D, BEZARAROBMRTERICK
D, HEOBRE AR EZ oM, 70T
A RO A bH A Th2MIE L2 %2 72,

TERD B A S T 72 THIN S O R GE 12 BY
B LTwWabHiNE7217 Tk {, Group2 innate lym-
phoid cell (ILC2) & ZAF1F S 728 L v HRG)E
HMIREASIL-33, TSLPIZ58 < Kt L, Th2% o9 A
A ¥ REZHOFZITHIM T 5 2 & A3k
SNTWw5b,

F7:, REARHECROY A~ A4 ViZBMiao
A & P g 41235 < B > T % Follicular T
cellZ HIHHEALZ ¥ 5,

PUE SRR 2 IgEPUESRIE S N wIET b
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BAA NI A 22012, AW, O 2012

2)

3)

4)

Sigurs, Gustafsson PM, Bjarnason R, et al. Severe
respiratory syncytial Virus bronchiolitis in infancy
and asthma and allergy at age 13. Respir Crit Care
Med 2005 : 171 : 137~141.

Lemanske RF Jr.Jackson DJ, Gangnon RE, rt al.
Rhinovirus illnesses during infancy predict sub-se-
quent childhood wheezing. J Allergy ClinImmunol
2005 ; 116 : 571~577.

Leonard B.Bacharier, et al. Wheezing Kids with re-
spiratory infections May benefit from early antibi-
otics. SOURCES : http : //bitly/IMT7z0p and
http : //bitly/IMzCDa JAMA. 2015 ; 314(19) :
2034~2044.doi : 10.1001/jama.2015.13896
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Chlamydia pneumoniae JEGIE D FEHE & iR

HMBT BB R R

1. WEMFRFR

79 3IY7LiE, RNAEDNAZRAT 5050
HRA[ATIEGETE T, A X7-8mENTo R
BEGH T e 70 — BE O AT 5 2R PR TR 1R 44 T d
%o fEETH 5 HAMIE O EH AR Y A AN (E A
) N CHUF O BERENY - TEREI AR, RIS ZE4)
1K (EB, elementary body) ® #8 5k & (RB, reticu-
late body) ~?DZEHa RBD 502445, EB~ND
WA, TE EAIRAMROE & v ) R R A Z
ROl UCHAET 2 (K1) & MR
&R IT 7T IV TIEFEICC. preumonaie k
C. psittaciThH %o 7/ 2P A4 X, GCEHERBI W
Bir T 32— FHEBUEC. pneumonaie AR-39%k T
1,229 kbp, 40.6%, 1,130MH, C. psittaci 6 BC #k
T1,172 kbp, 39.1%, 967 TH 5 (F 1),

WHCEETFLARNLVTIEREZ000, 753
VT ORBAM, L ATHFEICIE R RS A
DFEEIHHDOD, BB L NV TOREARY
THEIE . TO—EIAEMRNE, 18 EAEA
DOWHA 2> 6 RAERAT S L AT 5 FT, 74V R
DFE IO THUL TV 2Y, Tabby
ANWABIEO T 7 ) T AH NS T 5 W] % #%7-
k., GO LA TEBAHBIT 5,

2. EB, RBOEXKFRE LHEEE

EB, RBHW HifkiZ 7 5 & BPEHE OLPS® OHiJit
ZHEE AT O—ERNVF P FEEFF AT b
i (Kdo, 3-deoxy D manno-oct-2-ulopyranosoic
acid) E V¥ FADSH R ALPS(7 5 3 V7 i@t
B, WNEEEIEHEMELPSO 1 /10, TLR4 %
B L CIL8ZFEAES ¥ D), Mt &N LIRY
Mo BI=y MEROIME, R 75 X<k,

1. 77 IV T7THEANMEORA & RARLT. A%
el W, BAR, CRBITHRNOLHR

A 9 ‘B'-i
o “ o N

2=y MEIROWED 3 EANBIEEOK - MY
ZEUATBY, BABRBIIZ I ABRERICUTY
%o HLRBTIIBIZHHELL TV 5 72 EREMIC
FERO N, MEAEDOIEIE Y 7 3V 7l
TRAELRWD, C.pneumoniae \ZITFRIZ L - TIL
WY 7T X RO 720K E 23 5 EB
Dd o (M2)Y Y, WIROWILIHMHEEIXEB, RB
SLTHMRICARAE L, EBAMEIZIZ T AT 4 Y A
# % 1 (CRP, cysteine rich protein) & L T}
AR 11 D60% % 15 D 5 45T 140kDa 0 3 FEALR
& (MOMP, major outer membrane protein) &
X BB H, 12kDa DA EBEAAEH A (Ome

A, outer membrane complex A), 60kDa @ Omc

BAPHERRLRY:  PIRRA 28—l

FEURBHRISAE + T LV B R
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B W& h), ThHD5FN, 51 MOSSHEEIC
o THIMED 72T 2P, EBSHEATE I &
% 7N fi B F) M 7 (HAS, hexagonally arrayed
structure) 1ZOmc B & &1, RBAMEIZIZ AW (X
3)o BUHIHEE O WITEIZ172 ~ 176 A1 F 72085
M, 7IIVTHETHEERZEIRL, hoC
pneumonaie ¥R T b ERILEB & R IREB L @
MTR#EEASNZWY, MOMPIZEBTIE 3 &
HRTMFHRPUR, R—1) CFaE (EAEK 2n0m),
TEENOWAEEREEZ D OL R TH 575,
RBTIIHi#MA, Omc AIZEBTIZ2 =1k, RBT
I H R, RBAMEIZSSHAGICZ L, WHEEH
PR E ©F DS BRI LR L 723 5l 280 7 4
Thbo —7, EBIZMHEAKIRIRGE, WEEH
D Z LN 2 4B % £ 72 AR TR - 8
HRERIRICE D 2. MR ORIMEZH ) XTF K7
) 7%~ (PG, peptidoglycan) iZZ D HEHBICHEHD S
BIZFIEH 22 S e v, PGHMBLEHIT
HHNR=Y ) IEEMBNDOEBOWA - EA
RBANDOZHRIEE L \waS, 2508, EBAOK
AEWEHEL, Zo#HE RBIZE KRB
(AFaberant form) {27 2%, R=3 1) Y &k<
LIEHZRBICE Y, EB~NBMEHRT Y,
MEERA & L TMOMP O illZ Pro-B (second-
arily found protein having porin function ® &),
Omp85 (outer membrane protein with 85 kDa
D7) % Pmp (polymorphic membrane protein) %%
& LOWIERFIOWHIT TRINE N TWS, %
P THPmMp MO T =— 27 MR TH 5,
5> 7 m100kDa i £ o i & T 93 J5 P 2550 Vs
C.pneumoniae AR-39%k T 1321, C. psittaci 6BC
BTIE20Pmp7 7 3 —%a2—FLTWw5 (&
1)o Ffif O Pmp DM B W25, o

x1. 7/ rRMNOMRSNIRENRZFTIDT
fli. C. psittaci \ZFRM] TR T EANIME > T
Wi Lo0, FETIE, B R% 5,

R c iz C. psittaci is C. felis C. caviae c
#* AR-39 6BC D/UW-3 Fe/C56 GPIC 526/3

7/ I (kbp) 1,229 1,172 1,042 1,166 1,173 1,144
=B ek~ 4> ek %3 ELEY b eV

GCEE (%) 40.6 39.1 413 394 39.2 39.9

T 1130 967 894 1,005 1,009 961
5

tRNA 38 38 37 38 38 38
RNAZF RO 1 1 2 1 1 1
ZAEEAH 21 22 9 20 18 18

BETFAIL BRTERDL T &9 5 KD
FUS 78 EDENCEPIE NPT 2 720 OPuFZ
H2mMED B I BE 9 5 S 2 £ A3
EEINL, D TCC.pneumoniae T \EMOMPIZ
X9 5 BHMIE O RISE»K L, 2072DC.
pneumoniae D MOMP D REEFEVEIZFHT VW EEZ S
N7z, BRICPmp DB X B USHETH 5
Z DLz,

3. RERE

FENM 22 7 (SP, surface projections) %% 76 ¥ 11
W23 W & N, Y.enterocholitica, S.typhimulium,
S Sfexneli 72 EDSP & OEDOFUMER, C.cavi-
ae GPIC OBAETIRILEG & Yersinia D F N OH
PR &I, 7253V 7 OSSP RIGHERE %
Bz B0 M T 7 = 7 ¥ — & WIEA
95 IITH 534 (T3S, Type I Secretion) DFEHE %
Lol hMEEThHLESATVS (K4)Y, &
D Z T HEAL YersiniaD T3SEH & D
FUEICE DO CTHEEh, L 14D
5o T DOPNCopB & CopDIET3SIZ & o TH AL
FEIZSPOE S /MLETEKR T 5. BIIEENIZIX
il 2 O SPHER 1E, — I IZNBUIREA LB
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VT AMBRE®EY, SHREO/NMLE BV CER
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