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USE OF MODEL ENZYMES

IN THE DETERMINATION

OF THE MODE OF ACTION

OF PENICILLINS AND
A3-CEPHALOSPORINS!

Jean-Marie Ghuysen, Jean-Marie Frére, Mélina Leyh-Bouille,
Jacques Coyette, Jean Dusart, and Martine Nguyen-Distéche

Service de Microbiologie, Faculté de Médecine, Institut de Botanique,
Université de Liége, 4000 Sart Tilman, Liége, Belgium
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Proc. Nat. Acad. Sci. USA
Vol. 70, No. 8, pp. 2276-2280, August 1973

Aminnglycnside Antibiﬂtic-lnactivating Enzymes in Actinomycetes Similar

to Those Present in Clinical Isolates of Antibiotic-Resistant Bacteria
(streptomyces/origin of R-factors/gentamicin-acetate)

RAOUL BENVENISTE* AND JULIAN DAVIES{t

Department of Biochemistry, College of Agricultural and Life Sciences, University of Wisconsin—Madison, Madison, Wis, 53706
Communicaled by Henry Lardy, May 11, 1973

One of the most striking
properties of the actinomycetes is the extent to which they
produce antibiotics; most of the aminoglycoside antibiotics
(streptomycin, neomycin, kanamycin, gentamicin, tobra-
mycin, and lividomycin) are produced by them.
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International Journal of Antimicrobial Agents 36 (2010) 513-522

Contents lists available at ScienceDirect

Antimicrobial

International Journal of Antimicrobial Agents A

journal homepage: htip://www.elsevier.com/locate/ijantimicag

In vivo development of antimicrobial resistance in Pseudomonas aeruginosa
strains isolated from the lower respiratory tract of Intensive Care Unit patients
with nosocomial pneumonia and receiving antipseudomonal therapy

Mickaél Riou?1, Sylviane Carbonnelle?2, Laétitia AvrainP, Narcisa Mesaros?-3, Jean-Paul Pirnay¢,
Florence Bilocq€, Daniel De Vos©9, Anne Simon¢, Denis Piérard!, Frédérique Jacobsg, Anne Dediste D,
Paul M. Tulkens®*, Fran¢oise Van Bambeke?, Youri Glupczynski'

3 Unité de Pharmacologie Cellulaire et Moléculaire & Louvain Drug Research Institute, Université catholigue de Louvain, Brussels, Belgium
b Coris BioConcept, Gembloux, Belgium

¢ Laboratory for Molecular & Cellular Technology, Queen Astrid Military Hospital, Neder-over-Heembeek, Brussels, Belgium

4 Department of Molecular and Cellular Interactions, Vrije Universiteit Brussel, Brussels, Belgium

® Laboratoire de Microbiologie, Cliniques Universitaires St-Luc, Brussels, Belgium

f Laboratorium voor Microbiologie, Universitair Ziekenhuis Brussel, Brussels, Belgium

& Clinigue des Maladies Infectieuses, Hopital Erasme, Brussels, Belgium

h Laboratoire de Microbiologie, Centre Hospitalier Universitaire Saint-Pierre, Brussels, Belgium

' Laboratoire de Microbiologie, Cliniques Universitaires UCL de Mont-Godinne, Yvoir, Belgium

20134E5 H2H OM Pharmatf [E KL

21



W%, WA
(A A DA ) R

PG A B S O B - A, SRR .25, HUAE A
R 2 5 T T

K46 BT BT [B] 55 44
# BACHEIREE (5 ° BRI (ETRTH) RATIEIRIE (30T
TEM FEP MEM TEM FEP MEM TEM FEP MEM
2114/2 8 2 0.25 2048 > 128 16 32 4 05
2502/4 © 8 2 0.125 8192 4 0.25 4096 1 0.125
3511/1 32 2 0.125 4096 32 0.125 4096 8 0.5
7102/10 ¢ 512 32 1 16384 > 128 4e 8192 64 1

& JHL A S (R R > T 14 IR 5 (EUCASTIYIMEM [8]FIFEP [4]: BSACHI LA ITEM [16])

b B s ENiZE S antiOmp36Hu ik —i N sk — M LE B BRI R 5 3T R AR (Imaged i fF) + AR R E SR TS RES
cESBL TEM 24 (+) : “ESBL (-) RIAmMpC (+) [Ei /K FIAHREUCAST JyHh /K F (1)

NguyenZs (LDRI#E+:)5)
T-20114E4 H8 H i [ & R BT 5 8 ISAARIE AT, AiAh TAF IEAERE T

2013%:5)]2H

OM Pharmaf [E K it




R L S

P R S O I B - R4, SRR .25, HLAE B
T 2 T

K46 BT BT [B] 55 44
# BACHEIREE (5 ° BRI (ETRTH) RATIEIRIE (30T
TEM FEP MEM TEM FEP MEM TEM FEP MEM
2114/2 8 2 0.25 2048 > 128 16 32 4 05
2502/4 © 8 2 0.125 8192 4 0.25 4096 1 0.125
3511/1 32 2 0.125 4096 32 0.125 4096 8 0.5
7102/10 ¢ 512 32 1 16384 > 128 4e 8192 64 1

& JLIA S OB T R A>T AR 1 (ORI 1. (EUCASTIMEM [S8]FIFEP [4]: BSACHI LA (G TEM [16])
b B s ENiZE S antiOmp36Hu ik —i N sk — M LE B BRI R 5 3T R AR (Imaged i fF) + AR R E SR TS RES
cESBL TEM 24 (+) ; ¢ESBL (-) MAMPC (+) [ K FIeHHREUCAST  rh KT (1)

2013%:5)]2H

OM Pharmaf [E K it

23




BHIKERH" HsEuEHER

A4 N B #x HAEAR HAREL s
B AR LRE () ik o A NEHE AMNHEZR
O O
09 09 0 0 0
O \ 6
IR
O 0l0| [— o o \§ 2
s A O =9 |e% o ® | 0“0
\_ J L J U 7 g \L J Y
.............. V. A r \ f N f \ f 1 \
) 9o ) ©<> o 8 g 'y ¢ ()
% AN —< ..

3 A @)= ° ° o o ©
............... \. J J L J O\ J L J
b Kb i i Wb E W

PUER PUER AR TER RHERGE M =R

201345 12H OM Pharma* [E A JifiBE 24



T2 B R 2 LA PR TR R E T, LA Ry I O Bt

g7 L BATR? JiDl 112
IR GEZK H bR 5342 BN B - BT | SRR
H5EBREAPBP2X | AR CH AR R
045/ T1)

RN ATt | T8 (R 251D
AN B S FH T 2=

el 55

IR WA SR AR

RUESANE ST
CRPIIL, kb
5

20135 H2H OM Pharma [H K i BF 25



T2 BN bl i 29 AL A PP IR RS R EE Y, DA AR ] 0 BAXS T

£

ALl 72

N [ AT

B -PA i TN B -PAji R
il 6

B-MEE BT | Bl

Lyt

B PRk AN B -G
R

TEEEFFHKE

MBS AR ERAHER.FIF | = ERRH
[ REGATE S R (FEER) M
=1t

AR

S BFRY | E (B

20135 H2H

OM Pharma [H K i BF

26



Il

1N P I 2 AL Al P IR T RS e 1)

T EVE, BUAART I Lo Bt

) B BT B3 T
G I B-INWEely (| s hid R

FEESBLANK B 75475

i)

TSR H AR S | A H ek s v | P

B3 B2 (g =iy 25 1)

ANHE TR PrAEZE Rk |

2 JLIS) e OREDUHETE)

20135 H2H OM Pharma [H K i BF



T2 BN bl i 29 A LT A PP IR R R EE Y, DA AR ] 0 BAXS T

"EW) B B IR R T g2
TR 7 B-NWLAGEE (fl | SR &

FEESBL)

BIE R ERFHAREBIENE | PE

NERE =

ST E S H bR IS | AT H Heom ) i s v | HP R

AR M2 (i 25 1)

AhHE TR PrAEFREmIE | PR

2 JL2R) £ ORIEPIETE)

20135 H2H OM Pharma [H K i BF



e

A4

AT

20135 H2H

OM Pharma [H K JifiBF

29



WATH S G WL

o ARIEHOICE AL, DA BRAR ) ST
A FEIR B X s KR
- SR AR A B e A

e 1]
- IERARERE R d . IR LU SRR
- AR RE HTIIYTA 70 2 H AL 8 2 B I TR R

+ THE SR EREARE (RO

20135 H2H OM Pharma [H K JifiBF

30



IR GERR T LEA B Y

Contents lists available at SciVerse ScienceDirect
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International Journal of Antimicrobial Agents Agents

journal homepage: http://www.elsevier.com/locate/ijantimicag

Antimicrobial susceptibility of Streptococcus pneumoniae isolates from vaccinated
and non-vaccinated patients with a clinically confirmed diagnosis of

community-acquired pneumonia in Belgium

Ann Lismond?, Sylviane Carbonnelle®!, Jan Verhaegen?, Patricia Schatt®, Annelies De Bel9,
Paul Jordens®, Frédérique Jacobs', Anne Dediste8, Frank Verschuren”, Te-Din Huang'?,
Paul M. Tulkens®*, Youri GlupczynskiJ, Francoise Van Bambeke?
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Fig. 1. Distribution of susceptibility of Streptococcus pneumoniae isolated from
patients in Mainland China, Taiwan, Singapore and Indonesia based on the break-
points of oral penicillin V [11].

H. WangZFIntern. J. Antimicrob. Agents 38 (2011) 376 - 383
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Changing Trends in Antimicrobial Resistance and Serotypes of
Streptococcus pneumoniae Isolates in Asian Countries: an Asian
Network for Surveillance of Resistant Pathogens (ANSORP) Study

So Hyun Kim,? Jae-Hoon Song,®® Doo Ryeon Chung,” Visanu Thamlikitkul,* Yonghong Yang,® Hul Wang,®* Min Lu,’

Thomas Man-kit 50,9 Po-Ren Hsueh," Rohani M. Yasin,! Celia C. Carlos) Hung Van Pham,* M. K. Lalitha,! Nobuyuki Shimono,™
Jennifer Perera," Atef M. Shibl,® Jin Yang Baek,® Cheol-ln Kang,” Kwan Soo0 Ko,2F and Kyong Ran Peck®

on behalf of the ANSORP Study Group

Asia Pacific Foundation for Infectious Diseases (APFID), Seocul, South Korea®; Division of Infectious Diseases, Samsung Medical Center, Sungkyunkwan University School of
Medicine, Secul, South Korea®; Siriraj Hospital, Mahidol University, Bangkok, Thailands; Beijing Children’s Hospital Affiliated to Capital Medical University, Befjing, China®,;
Peking Union Medical College Hospital, Beijing, China®; Shanghai Children's Hospital, JiacTong University, Shanghai, China’; Princess Margaret Hospital, Kwai Chung, Hong
Kongs; National Taiwan University Hospital, National Taiwan University College of Medicine, Taipei, Taiwan™, Institute for Medical Research, Kuala Lumpur, Malaysia;
Antimicrobial Resistance Surveillance Reference Laboratory, Research Institute for Tropical Medidne, Manila, Philippinest Faculty of Medicine, University of Medicine and
Pharmacy, Ho Chi Minh City, Vietnam®: Madras Medical Mission, Chennai, India’; Kyushu University Hospital, Fukuoka, Japan™: University of Colombo, Colombao, 5 Lanka™
King-Saud University Hospital, Riyadh, Saudi Arabia®; and Department of Molecular Cell Biology, Sungkyunkwan University School of Medicine, Suwon, South Koreae

Antimicrobial resistance in Streptococcus pneumoniae remains a serious concern worldwide, particularly in Asian countries,
despite the introduction of heptavalent pneumococcal conjugate vaccine (PCV7). The Asian Network for Surveillance of Resis-
tant Pathogens (ANSORP) performed a prospective surveillance study of 2,184 5. pneumoniae isolates collected from patients
with pneumococcal infections from 60 hospitals in 11 Asian countries from 2008 to 2009. Among nonmeningeal isolates, the
prevalence rate of penicillin-nonsusceptible pneumococci (MIC, =4 pg/ml) was 4.6% and penicillin resistance (MIC, =8 pg/ml)
was extremely rare (0.7%). Resistance to erythromycin was very prevalent in the region (72.7%); the highest rates were in China
(96.4%), Taiwan (84.9%), and Vietnam (80.7%). Multidrug resistance (MDR) was observed in 59.3% of isolates from Asian coun-
tries. Major serotypes were 19F (23.5%), 23F (10.0%), 19A (8.2%), 14 (7.3%), and 6B (7.3%). Overall, 52.5% of isolates showed
PCV7 serotypes, ranging from 16.1% in Philippines to 75.1% in Vietnam. Serotypes 19A (8.2%), 3 (6.2%), and 6A (4.2%) were
the most prominent non-PCV7 serotypes in the Asian region. Among isolates with serotype 19A, 86.0% and 79.8% showed
erythromycin resistance and MDR, respectively. The most remarkable findings about the epidemiology of S. pneumeoniae in
Asian countries after the introduction of PCV7 were the high prevalence of macrolide resistance and MDR and distinctive in-
creases in serotype 19A.

So Hyun KimZfAntimicrob. Agents Chemother. 2012, 56 (3) :1418.
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TABLE 1 Demographic and clinical characteristics of patients with

. Iﬁ pneumococcal infection
)\ L /‘/J”A-[’H . No. of patients/total
jFP‘;j-‘ A Characteristic no. (%) (n = 2,100)
Type of infection
sl  Ppeumonia 1,680 (80.0)
Acute sinusitis 108 (5.1)
Meningitis 102 (4.9)
Primary bacteremia 67 (3.2)
Acute otitis media 54 (2.8)
Empyema 17 (0.8)
Abscess 17 (0.8)
Peritonitis 10 (0.5)
Other 45 (2.1)
Concomitant bacteremia 284 (13.5)
Underlying disease
T Pulmonary disease 337/1,656 (20.4)
Cerebrovascular disease 134/1,631 (B.2)
Solid tumor 146/1,643 (8.9)
Hematologic malignancy 30/1,630 (1.8)
Chronic renal disease 79/1,637 (4.8)
Chronic liver disease 70/1,653 (4.2)
Cardiovascular disease 108/1,633 (6.6)
Diabetes mellitus 225/1,649 (13.6)
Comaorbid condition
smoking 389/1,540 (25.3)
Corticosteroid use 49/1,603 (3.1)
Kim%’Antimicrob.Agents Chemother.201 2, IITI]TILI]IDSII]JP]‘E‘S‘HI“ use 12/1,599 {ﬂ.E:I'
56(3):1418. Neutropenia 23/1,599 (1.4)
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TABLE 2 Susceptibilities to antimicrobial agents of Streptococcus pneumoniae
isolates from patients with pneumococcal infections in 11 Asian countries¢

Resistance to:
Penicillin
No. of No. of isolates Nonmeningeal isolates
cities (no.  (invasived/ —_—
of meningeal MIC;, MIC,
Country hospitals)  isolates) (ug/ml) | (pg/ml) | %I %R
China 8 (14) 642 (33/5) 1 4 11.0 22
Hong Kong 1(2) 196 (8/0) 0.25 2 1.5 0
India 2(3) 23 (NA/NA) <0.03 1 0 0
Japan 1(1) 18 (04Q) 0.5 |1 0 0
South Kored@B® (13) 327 (70/12) 1 2 1.9 03
Malaysia 7(9) 165 (118/13) =0.03 0.5 0 0
Philippines 5(5) 118 (49/3) =0.03 0.06 0 0
Sri Lanka 1(1) 19 (9/0) 1 2 0 0
Taiwan 3(3) 231 (30/0) 1 2 0.4 0
Thailand 1(2) 212 (24/1) 0.25 2 0.5 0
Vietnam 3(7) 233 (24/6) 1 2 0.9 0
Total 40 (60) 2,184 (365/40) 0.5 2 39 0.7

@ Invasive strains were 1solated from sterile sites such as blood, CSF, pleural fluid,
ascites, and joint fluid in patients with pneumococcal infections.

b NA, not available.
¢ The MIC breakpoints for pneumococcal isolates were determined according to the
CLSI guidelines
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Respiratory tract isolates in China — Taiwan — Indonesia -
Singapore
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Antimicrobial susceptibility of bacterial pathogens associated with
community-acquired respiratory tract infections in Asia: report from the
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RTI isolates (C-T-I-S): origin

2.1. Participating centres

A total of 17 centres in Asian countries took part in this
study, including: Peking Union Medical College Hospital (Bei-

China); Beijing Chao-Yang Hospital, Capital Medical University

jing, China); Beijing Hospital of the Ministry of Health (Beijing, ey ‘

(Beijing, China); The First Hospital of China Medical Univer-
sity (Shenyang, China); The Second Hospital of China Medical e
University (Shenyang, China); The Second Affiliated Hospital of
Medical School of Zhejiang University (Hangzhou, China); The
First Affiliated Hospital of Medical School of Zhejiang Univer-
sity (Hangzhou, China); Tongji Hospital, Tongji Medical College,
Huazhong University of Science & Technology (Wuhan, China);
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Japa
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Guangzhou Institute of Respiratory Disease (Guangzhou, China); Thailand D
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Ruijin Hospital, Shanghai Jiao Tong University School of Medicine "% e

"u"l-etnam Philippines
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(Shanghai, China); Zhongshan Hospital, Fudan University (Shang- T@.
Mal i

hai, China); National Taiwan University Hospital (Taiwan); China
Medical University Hospital (Taiwan); National Cheng Kung Uni-
versity Hospital (Taiwan); Kaohsiung Medical University Hospital
(Taiwan); Diponegoro University/Dr Kariadi Hospital (Indonesia);
and Changi General Hospital (Singapore).
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RTl isolates (C-T-I-S): S. pneumoniae

In vitro activity Antibiotic =~ Mainland China (n=420)
against 706 isolates No. 7R MICs (mg/L) MICeo (mg/L)
of Streptococcus
pneumoniae, based AMC
o ' PSSP 203 0 0.032 0.032
on activity against PISP 98 0 0.5
penicillin-susceptible PRSP 103 214 4
(PSSP), penicillin- Cefuroxime (parenteral)
intermediate (PISP) PSSP 05 0125 0125
- PISP 735 4 :
anq penicillin- PRSP 100 8
resistant Cefuroxime (oral)
(PRSP).isolates PSSP 0 0.125 0.125
PISP 53 4 8
PRSP 100 8
Cefaclor
PSSP 0.5 0.5 1
PISP 867 16 :
PRSP 100 128 128
Ceftriaxone
PSSP 0.5 0.032 0.064
PISP 3.1 0.5 ]
PRSP 379 2
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RTI isolates: Haemophilus influenzae
and Moraxella catarrhalis

B % f-lactamase-producting H. influenzae
O %B-lactamase-producting M. catarrhalis

Soof
isolates
100
100 91.3 90
80
60
40
15.5
20 - 15
il B e B
Mainland China Singapore Taiwan
n= 313 86 40 10 174 40

Fig. 2. Proportions of B-lactamase production amongst Haemophilus influenzae and
Moraxella catarrhalis isolates from Asian countries.
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P. aeruginosa

*Li M, Pan P, Hu C. [Pathogen distribution

and antibiotic resistance for hospital aquired
pneumonia in respiratory medicine intensive 0.9

care unit]. Zhong Nan Da Xue Xue Bao Yi
Xue Ban. 2013 Mar;38(3):251-7.

— pathogen distribution and
antibiotic resistance of pathogens
isolated from in-patients with
hospital acquired pneumonia
(HAP) in the Department of
Respiratory Medicine Intensive
Care Unit (RICU) of Xiangya
Hospital in 2005 and in 2011,

— infection rate of Pseudomonas
aeruginosa reduced from 20.42%
in 2005 to 15.60% in 2011

— The resistance rate of
Pseudomonas aeruginosa to
levofloxacin, cyclopropane,
amicacin, gentamicin,
meropenem, cematrixone, and
piperacilintazobactam increased
obviously (P<0.05).

0.8
0.7
sl 0.6
%.']'n.s.
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02 | m20114
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Figure 2 Drug resistance rate of 2 kinds of major Gram negative

bacteria in 2005 and in 2011. A: Pseudomonas aeruginosa;
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