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Background : Nontyphoid Sa/monella (NTS) is a leading cause of human food—borne enteritis. It has been
known that integron, a naturally occurring gene capture and expression element, plays an important role
in the development and dissemination of multidrug—resistance. In this study, we investigated the pre-
valences and molecular characteristics of integrons in NTS clinical strains.

Materials and Methods : Between 1995—-96 and 2000—03, a total 261 NTS clinical strains comprising 39
serotypes were collected from clinical specimens. All strains were serotyped, and the MICs of ampicillin,
chloramphenicol, streptomycin, sulfamethoxazole, tetracycline, and trimethoprim were determined by agar
dilution method. Integrons were detected by PCR amplification of integrase genes, and gene cassettes
were determined by PCR and sequencing. Conjugation experiments were performed using £. co/i J53 as
a recipient. The clonal relationship was analyzed by pulsed —field gel electrophoresis (PFGE).
Results : Of the 261 strains tested, class 1 integrons were present in 21 strains (8.0%). Class 2 and class 3
integrons were not found. The integron —positive rate was higher in S. Typhimurium (24.2% [8/33]) than in S.
Enteritidis (2.0% [3/153]). Overall rates of antimicrobial resistance were higher in integron—positive strains.
adhfri2—orfF—aadA2 gene cassette was detected in 5 strains, aadAZ2in 4 strains, ahfri7—orfF—aadA5 in 2 strains,
and agdA7 in 1 strain. Ten integron—positive transconjugants were successfully selected. Among 8 integron —
positive strains of S. Typhimurium, 7 had similar PFGE patterns.

Conclusion : This study suggests that integrons are already playing a significant role in antimicrobial
resistance in NTS. Continuous monitoring is needed to detect the emergence and spread of integron—
mediated antimicrobial resistance.
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Table 1. Antibiotic Resistance Patterns of 261 Nontyphoid Sa/monella strains

No. of resistant isolates (%)

Serotype (number)

AMC CHP SM SMX TC T™P NA

Period of 1995—-1996

S. Enteritidis (n=31) 4 (12.9) 1(3.2) (6.4) 4 (12.9) 5(16.1) 1.2 0

S. Typhimurium (n=14) 0 2 (14.2) (14.2) 3 (21.4) 9 (64.2) 4 (28.5) 1(7.1)

Others (n=9) 3(33.3) 1 (11.1) (55.5) 4 (44.4) 6 (66.6) 3 (33.3) 0

Subtotal (n=54) 7 (12.9) 4 (7.4 (16.6) 11 (20.3) 20 (37.0) 8 (14.8) 1(1.8)
Period of 2000—2003

S. Enteritidis (n=122) 61 (50.0) 12 (9.8) 49 (40.1) 64 (52.4) 54 (44.2) 2 (1.6) 33 (27.0)

S. Typhimurium (n=19) 8 (42.1) 9 (47.3) 17 (89.4) 14 (73.6) 15 (78.9) 6 (31.5) 3 (15.7)

Others (n=66) 19 (28.7) 8 (12.1) 15 (22.7) 19 (28.7) 22 (33.3) 4 (6.0) 9 (13.6)

Subtotal (n=207) 88 (42.5) 29 (14.0) 81 (39.1) 97 (46.8) 91 (43.9) 12 (5.7) 45 (21.7)

Abbreviations: AMC, ampicillin; CHP, chloramphenicol; SM, streptomycin; SMX, sulfamethoxazole; TC, tetracycline; TMP, trimethoprim; NA, nalidixic acid

Table 2. Antibiotic Resistance Patterns According to the Presence or Absence of Integron

No. of resistant isolates (%)

Strain (number)

AMC CHP SM SMX TC TMP NA MDR
Integron positive (n= 21) 18 (85.7) 12 (57.1) 16 (76.1) 18 (85.7) 17 (80.9) 11 (52.3) 3 (14.2) 18 (85.7)
Integron negative (n=240) 76 (31.6) 20 ( 8.3) 72 (30.0) 88 (36.6) 97 (40.4) 4 (1.6) 43 (17.9) 79 (32.9)
S. Enteritidis (n=153) 65 (42.4) 13 ( 8.4) 51 (34.6) 68 (44.4) 60 (29.2) 3(1.9 33 (21.5) 60 (39.2)
Integron positive (n=3) 2 (66.6) 1 (33.3) 1 (33.3) 3 (100) 2 (66.6) 1 (33.3) 0 2(66.6)
Integron negative (n=150) 63 (42.00 12 (18.6) 50 (33.3) 65 (43.3) 58 (92.0)0 2 (3.1) 33(22.00 58 (38.6)
S. Typhimurium (n=33) 9 (27.3) 11 (33.3) 19 (57.5) 17 (51.5) 28 (84.8) 7 (21.2) 4 (12.1) 18 (54.5)
Integron positive (n=8) 7 (87.5) 8 (100) 8 ) 7 (87.5) 8 (100) 5 (62.5) 2 (25.00 8 (100)
Integron negative (n=25) 2 (8.0 3(12.00 11 (44.00 10 (40.00 20 (80.0) 2 ( 8.0) 2 (8.00 10 (40.0)
Others (n=75) 22 (29.3) 9 (12.0) 20 (26.6) 23 (30.66) 28 (37.3) 7 (9.3) 9 (12.0) 19 (25.3)
Integron positive (n=10) 9 (90.0) 3 (30.0) 7 (70.0) 8 (80.0) 7 (70.0) 5 (50.0) 1(10.00 8 (90.0)
Integron negative (n=65) 13 (20.0) 6 (9.2 13(20.00 15(23.00 21 (3530 2 (3.0 8 (12.3) 11 (16.9)

Abbreviations : AMC, ampicillin; CHP, chloramphenicol; SM, streptomycin; SMX, sulfamethoxazole; TC, tetracycline; TMP, trimethoprim; NA, nalidixic
acid; MDR, multidrug resistance (defined as resistance to more than 3 classes of antibiotics)
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A7191 5 #F F 4 #5(S. Typhimurium DT104L, S.
Dubulin, S. Cuckmere, S. Haifa 22} 1 75°) 7} aadA2, S.
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Figure 1. Polymerase chain reaction fragments from the cassette regions of class 1 integrons. M, Molecular weight Marker
(1 kb ladder); S. Enteritidis (Lanes 1—3); S. Typhimurium (Lanes 4—11); S. Heidelberg (Lanes 12, 13); S. Montevideo
(Lanes 14, 15); S. Dubulin (Lane 16); S. Sinstorf (Lane 17); S. Cuckmere (Lane 18); S. salamae (Lane 19); S.

Othmarschen (Lane 20); S. Haifa (Lane 21).

Table 3. Distribution of Class 1 Integron Gene Cassette and Antibiotic Resistance Patterns of 21 Integron-carrying Strains

Strain number Serotype or subspecies  Phage type PCR size (kb) Gene cassette Resistance patterns
1 S. Enteritidis PT4 1.0 aadAT SSu

2 S. Enteritidis PT4 2.0 ahfri2—orfF—aadA2 ASuUTTm

3 S. Enteritidis PT6 - - ACSuT

4 S. Typhimurium RDNC 2.0 ahfri2—orfF—aadA2 ACSSuTTmN
5 S. Typhimurium DT190 2.0 ahfri2—orfF—aadA2 ACSSuTTmN
6 S. Typhimurium DT8 - - ACSTTm

7 S. Typhimurium DT20 - - CSSuT

8 S. Typhimurium DT36 - - ACSSuUTTm
9 S. Typhimurium DT104B - - ACSSuUTTm
10 S. Typhimurium DT104L - - ACSSuT

11 S. Typhimurium DT104L 1.0 aadA2 ACSSuT

12 S. Heidelberg - 2.0 ahfr17—-orfF—aadA5 ACSSuTm
13 S. Heidelberg - 2.0 ahfr17—-orfF—aadA5 ASSuUTTm
14 S. Montevideo - - - AT

15 S. Montevideo - - - AT

16 S. Dublin - 1.0 aadA2 ASSu

17 S. Sinstorf - 2.0 ahfri2—orfF—aadA2 ASuTm

18 S. salamae - 1.0 aadA2 SSuT

19 S. Cuckmere - 1.0 aadA2 ACSSuT

20 S. Othmarschen - - - ASSUTTm
21 S. Haifa - 2.0 adhfri2—orfF—aadA2 ACSSUTTmN

Abbreviations : RDNC, reacts but dose not conform to any standard phage type; A, ampicillin; C, chloramphenicol; S, streptomycin; S, sulfamethoxazole;

T, tetracycline; Tm, trimethoprim; N, nalidixic acid
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Table 4. Antibiotic Resistance Patterns and MICs for 10 Conjugated Strains and Their Transconjugants

) ) ) ) MIC (uL/mL)

Strain number Strain Resistance profile

AMC CHP SM SMX TC TMP

1 S. Enteritidis PT4 SSu 8 4 128 >512 1 0.25

Transconjugant Su 16 4 16 512 1 0.125

4 S. Typhimurium RDNC ~ ACSSuTTmN >128 >128 >128 >512 >128 >128

Transconjugant ACSSuTmN >128 >128 64 >512 4 >128

5 S. Typhimurium DT190  ACSSuTTmN >128 >128 >128 >512 >128 >128

Transconjugant ACSSuUTTmN >128 >128 >128 >512 >128 >128

7 S. Typhimurium DT20 CSSuT 8 64 >128 >512 128 0.25

Transconjugant CSSu 16 128 64 512 1 0.125

12 S. Heidelberg ACSSuTm >128 128 >128 >512 1 >128

Transconjugant ASSuUTm >128 8 >128 512 1 >128

13 S. Heidelberg ASSUTTm >128 4 128 >512 >128 >128

Transconjugant ASSuUTm >128 4 128 >512 1 >128

14 S. Montevideo AT >128 4 4 32 128 0.25

Transconjugant AT >128 4 1 4 128 0.125

17 S. Sinstorf ASuTm >128 4 16 >512 1 >128

Transconjugant ATm >128 4 8 16 1 >128

20 S. Othmarschen ASSUTTm >128 4 >128 >512 128 >128

Transconjugant ASTTm >128 4 64 8 128 >128

21 S. Haifa ACSSUTTmN >128 >128 >128 >512 >128 >128

Transconjugant ACSSuUTTmN >128 >128 >128 >512 >128 >128

E.coli AZ" J53 16 4 4 16 1 0.5

Abbreviations: RDNC, reacts but dose not conform to any standard phage type; A or AMC, ampicillin; C or CHP, chloramphenicol; or SM, streptomycin;
Su or SMX, sulfamethoxazole; T or TC, tetracycline, Tm or TMP, trimethoprim

M 1 2 3 4 5 6 7 8 9 10 1 12 13 14 15 1} 17 18 19 20 121

=
-
-
..

i

A B CCl C C2 C3 Cc4¢C4 DE ND F F G H I J K L

Figure 2. Pulsed—field gel electrophoresis patterns of chromosomal DNA restriction fragments resolved in
1.0% Seakem Gold agarose in 0.5XTBE buffer for Sa/monel/la DNA digestion with Xbal. M, ladder size
marker; S. Enteritidis (Lanes 1-3); S. Typhimurium (Lanes 4—11); S. Heidelberg (Lanes 12,13); S.
Montevideo (Lanes 14,15); S. Dubulin (Lane 16); S. Sinstorf (Lane 17); S. salamae (Lane 18); S.
Cuckmere (Lane 19); S. Othmarschen (Lane 20); S. Haifa (Lane 21); ND, not deteremind.

sh= 10 wt79] 9393 3t (transconjugant) 8] 7+ & = AlQlskars Udekde] A8kl (Table 4).

A g MIC 23} 9 YA 94 (resistance profile) &

Table 40l A3ttt AP S 7102 a19S 45 5. PFGE

3 e woldat AASAAL, 7 A A7 & FEA W 7S] PRGE 32 B 128 (A-L) o= B
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o™ 71 F S Enteritidist A2 Aol gl S
Typhimurium 8 @5 5 7 @5, S. Heidelberg 2 iL—Zrﬂ
AT Fig. 2). @4 3o] o 4752 BF UE
Aol ATk,

kl
]

2 AFeAE = 9 AN ¥ NTS 455
S ooz AL U4 (transferable antimicrobial
resistance) ol FQ3%t ATS = ZoE A Ye
integron®] RIE o} {82 SAo #et A5 FH3A
ok AAZEA S-2hetel A Aol AlM 2] ¥ Salmonella
enterica®l X9 integron®l ¥t A= wl-¢- At ot}
NTSE tido® aald A7 d3E A9rd, Oh 62
1999 ellA 2002 Aol A&A] HAZH ATl 4
A E W AE=Eate] EWHAACdA ¥ S
Typhimurium 49 ¥ % 475(8.2%) A class 1 in-
tegron®| <=7 S B8 11(18), Sohn 52 2003
oAl 2004 Afolell A&EAE] HALgAtel| A ¥ S
Typhimurium 17 ¥ % 3 ¥5(17.6%) °I1A] class 1
integron®] £AE-S R tH(19). H, Kim 52 A
A9 AArgAe A EEl® 33 NTS &5 oA 4 45
(12.1%) 14 class 1 integrono] E=AgHs WAt
(20). o9} ol AF7HA Y] FUAT = LtEE 45 &
Aol MRt Bt £ A= I 74%1] ol Al A2
2 2w gkt dydo NTS #55 SR inte-
gron? FEES AHE Ot AFeks AelA gnzt

AA T

2 AFelA AAl #52] 8.0% (21/261) 7} integrons:
7FA1 3L 913131 nalidixic acid® AlQ)stais S AlE o
Sk A d Eo] N © Z integron B wFEoAAIA =3
I A AT fo3t #ES B ol S-Euetel
A X integrono] Al WA Edol ojn] Fast IS

St Qe vty Y HE integron YHES A
HES wli= S Typhimurium®lA] integron %/dE°]
St o= g=ellx e Barel dXFeh (21, 22).
Integron] F+RAAE B8 A3} dhfrl2—orfF—aadA”2
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dhfre} aadA AR AZS @ el 2 242} trimethoprim
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trimethoprim} streptomycin®l] Wl/de] it} o] ¢} 22 3
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TollAl &3] B Ho] =23, 24), 53 ®hsk
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(25) D ANA e’ Escherichia coli 4%
(26,27) class 1 integron¥ integron ulf-ol X
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Salmonellag X33 f-glvtete] Fo M= Aol
gene cassette5°] AIE 11 & 73S AAFSHCE Qo]
A AF 8 A TS & Sohn 5©] B3t integron %F
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jugation) 7oA = 21 5 T 10 FFoA Aol
o] plasmidE "P7HE WA FHAAFE0] ALEUSE ]
gith. Table 4ol “g2]3h viel o] WA (resistance

3

n&"émlné’éﬁl
e o D A e S (o
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