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Abstract: The prevalence of S. aureus contamination in infant formula milk powder (PIF) and infant rice cereal (IRC) was investigated in
this study, and the corresponding antibiotic resistance genes and novel enterotoxin genes were detected. A total of 692 PIF and IRC samples of
different brands were collected in the Shaanxi province of China in 2010 and 2012 and screened for S. aureus. Polymerase chain reaction (PCR)
was employed to detect 31 antibiotic resistance genes and nine novel enterotoxin genes among the isolates. The overall positive rate for S. aureus
in 692 samples was 7.80%, including 8.17% among the samples collected in 2010 and 7.38% among the samples collected in 2012. Among the
75 isolated strains of S. aureus, 12 types of antibiotic resistance genes and two novel enterotoxin gene profiles were detected. The resistance
gene with the highest detection rate was tetK (72.00%), followed by blaZ (36.00%), ermC (29.33%), tet(K)F (21.33%), linA/linA (12.00%), dfiG
(8.00%), tetL (6.67%), and acc(6’) (5.33%), and the genes with the lowest detection rate were ermB, msrA, msrB, and drfK (all at 1.33%).
Among the novel enterotoxin genes, only sen (44.00%) and ser (4.00%) were detected. No significant difference was found in the contamination
rate of S. aureus among the samples from different sampling years and production months and with different shelf lives. Additionally, the
primary antibiotic resistance genes that these strains carried conferred resistance to penicillin, tetracycline, and macrolide, and the main virulence
gene was ser.

Key words: infant foods; Staphylococcus aureus; antibiotic resistance genes; novel enterotoxin genes

S EHEERE (Staphylococcus aureus, S. aureus) fE—FhEZEMEIFEEBURE, ErlgIEA

WiksEER: 2015-12-10

E4¢WE: BEREBANZESTE (3127188); HELFEEETH
(2015M582711)

YEHET: KA (1992), &, ML, WsARE: ARRE

BREE: THA973-), B, #L, FHE, HhE: RIFERERS

FEYFMBRREMR

280

WX RS, ik e aEeRY, R E H A A
AR, S EH ARG A 2N R, TEE
W7 & (staphylococcal enterotoxins, SEs), FIMiFEHR
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SEB. SEC. SED. SEE. SEG Al SEH, PAK7i
# % SEJ. SEK. SEL. SEM. SEN. SEO. SEP A
SEQ %P1,

WA AE KB, B4l LEC T Wk R A
HERBEASMIA T BB E TRk . AR, 7E2E40)L
il TR RS 5 2 BIA RIBUR R 5 Gy, Wik
WEHEIKE . WITIRES, XS mEy) Ley+
UL KRG SRk, BB HUE R KR AT,
S. aureus KR Zy = e ZibE, B2 B T 2 EHilf
RIS 2 bk . b, i H AR PR B e
HEKE OO W 2w, & B 2 =Ny
fiE, BURREIWMH G, B8R RN %
SRR, B LN S R ThRE A R, TR
SR e S SRR D RS, PUBGLRE 1SS,
B CARK 55 8% S. aureus, H5| IR GMENGYE A RAE
Ko WBITA R EAME U FBOET, SELLIE
R T BRI R, B ERE &R
FIB A, I8 58 LB it 35008 B G R R o

AW R EAREEFRIER PCR kT 40 25 %
5E S.aureus, TREHMTTERL)LEMT S aureus 15
PR B R, Al 225 KA B aE 2 5L A
R LE A= R AV A e e
WA

1 MRERE

1.1 EE KA KE%RKIF

b A EK (BPW), EEAMATAD
(TSB), Barid-Parker 15373 (BP), LB &77Ei/E,

B0 A AL AR AR 3T A Fl; Taq DNA R&
fi, dNTP, 2000 bp DNA marker, 5|40 H KiEF4
WonEl; BifigkE (Agarose) JWH Sigma AH]; HH,
FACENE F VG 224059870 PCR 44 nuc 2RIV
P H RS T R E BRI ATCC29213 HARSLE = 717

1.2 k& FE XS aureus 75

20104F7 H~9 H F120124:3 H~12 HfEBEPE 4 124>
WX (Pa22. e, B AE. )b LR R
Yol W EL I, JEERENS), TESHRE)E R
HETT. RAGET. WD, AT, BB K
EEFE 692407, CLFE24 500 2241 ) LR A4 740 B2 41 ) LK
Hro IZIEGB/T 4789.10-2008 /71, HL25 ghffh B4
225 mLINBPWEF=EE I =M, G, 37 CHr
7724 h, HUEFRH3 mLEZF T30 mL. 7.5% NaClf1)3
R FRIETSBAZ Y, 37 ‘CH59724 h. {EBaird-Parker
Agar PR _ERIZ B s, 37 ‘CHigE24 h, BATHBE
BUI~2 N AT SE V&, BEATAIALRE SR, 4% Brakstad&®)
(RIE, PATnucERIIEIY)E ANy G261, DU
SEEOHEIKE, H LTI nuc-279F GCGA
TTGATGGTGATACGGTT; nuc-279R AGCCAA GCCT
TGACGAACTAAAGC.

1.3 i 2 2L B e 7 B i 2 2 25 AR

1.3.1 DNA BARIRIR

VAR DARIZRIE BRI TSA BfiR- PRSI,
37 °CHF IR  AE KA I 1.5 mL B0 A 500 pl
ddH,O, FHHH OV KB 1A A BEUE S A T B0
H R R R, FEHAE 15 min. 120000 r/min, 2540
10 mino  HY 3508, T--40 °CLRIERH

® 1 WAEERSIHFS

Table 1 Sequences of the primer sets used for the detection of antibiotic resistance genes

A A 5145 51(5-3") F¥EH R bp B KBESC
mecA GTAGAAATGACTGAACGTCCGATAA 310 55
blaz ACTTCAACACCTGCTGCTTTC 173 54
tet(K) GTAGCGACAATAGGTAATAGT 360 54
tet(M) AGTGGAGCGATTACAGAA 158 54
tet(K) TTAGGTGAAGGGTTAGGTCC 718 54
tet(0) AACTTAGGCATTCTGGCTCAC 515 55
tet(L) GTTGCGCGCTATATTCCAAA 788 54
tet(L) TCGTTAGCGTGCTGTCATTC 267 55
ermA AAGCGGTAAACCCCTCTGA 190 54
ermB CTATCTGATTGTTGAAGAAGGATT 142 54
ermC AATCGTCAATTCCTGCATGT 299 54
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H#ER
ermT ATTGGTTCAGGGAAAGGTCA 536 45
vanA GCTATTCAGCTGTACTC 783 54
vanB CATCGCCGTCCCCGAATTTCAAA 667 55
vanCl GGTATCAAGGAAACCTC 822 54
vanC2/3 CTCCTACGATTCTCTTG 439 54
aph(3')-Illa CTTTAAAAAATCATACAGCTCGCG 523 55
aac(6')/aph(2") ACATGGCAAGCTCTAGGA 491 54
ant(4)-la GGAAAGTTGACCAGACATTACGAACT 294 55
dfirD CCCTGCTATTAAAGCACC 606 55
dfirG TGCTGCGATGGATAAGAA 405 55
dfirS1(dfir4) CACTTGTAATGGCACGGAAA 270 55
dfiK GCTGCGATGGATAATGAACAG 214 50
cat::pC223 AGGATATGAACTGTATCCTGCTTTG 464 54
cat::pC194 CAATCCAAGGAATCATTGAAATCGG 472 54
cat::pC221 TGGAAGTTGTAAATAAAAATAAAGTG 269 54
Catplp-501 GGATATGAAATTTATCCCTC 486 55
fexA GTACTTGTAGGTGCAATTACGGCTGA 1272 57
msr4 TCCAATCATTGCACAAAATC 163 55
msrB TATGATATCCATAATAATTATCCAATC 595 50
linA/linA’ GGTGGCTGGGGGGTAGATGTATTAACTGG 323 57
® 2 HEBSREFERS HFT
Table 2 Sequences of the primer sets used for the detection of novel enterotoxin genes
P53 W5 5(5°-37) I3 =4 Kol bp 1B KGR E/PC
sek ACCGCTCAAGAGATTGAT 278 54
sel AATATATAACTAGTGATCTAAAGGG 359 54
sem ATGCTGTAGATGTATATGGTCTAAG 473 54
sen ATGAGATTGTTCTACATAGCTGCAAT 680 54
seo TGTAGTGTAAACAATGCATATGCAAATG 722 54
sep TTAGACAAACCTATTATCATAATGG 272 54
seq AAGAGGTAACTGCTCAAG 285 54
ser AAACCAGATCCAAGGCCTGGAG 700 54

seu

TAAAATAAATGGCTCTAAAATTGATGG

141

54

132 PCR ¥ 3%

F PCR 31453 A 31 Fhifit 25 3L (K] Je 9 R
FER . AR RSAAF 25 ul, HA 10xBuffer (Mg-)
2.5uL, dNTP2.0 uL, L FIF5I14% 0.3 uL, JCHEK
15.775 uL, MgCl, 1.5 pL, Tap i 0.125 pL, 144 2.5 uL.
F 1 TR 2 40 Jeh T BN BRI (9 5 0 1) R K
. PCR =y nl B AEHREERE (1.5%) HLIKRHT,
H AR CBERTB At TESRAMT FUERL,

L4 BABN T %

{5 FISPSS 208K A HEATRUR GELT 44T, RS
B, p<0.05M%E AL Lo
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2 #R5L

21 BHlymmremedaREmd ki

7.80% (54/692) FEadsillt S. aureus, HH1%4))
JLTR R A RO 10.61% (26/245), 224 ) LKk
IR RN 6.26% (28/447) (3 3). Xf 2010 4EA1
2012 1B LY RS 7 BT, $58R
KEEEMEZER (p>0.05). {H_FiREE Bt B i 52
ALK & (R R BRI 5 YR BN R, 3 R
G eR EH R AT RE A2 S aureus Zy TAEER AR F
w, FENEHE—ERmEh e AR, My rra



MR B MR Modern Food Science and Technology 2016, Vol.32, No.11
IR EAT s[RI A gk B B AR A Sy T G K B AP AR RERE A ok EANMAIRIER M S
S. aureus™", BTAERC T YR AE PR R, K aureus T5ARIFLE] ST 51 A — LS B R AFE A g
R 130~160 C, HR2ABEEZMREZREG FE, BT LAS SR ORI SR B AR 1
40~45 C, WAHHIL 60 C, SBUMAEVITERL T Ik

< 3 2010 £E70 2012 SR 2540 ) LY AR & R B BB EKE A 1 1R

Table 3 Prevalence of S. aureus contamination in powdered infant formula milk and infant rice cereal samples collected in 2010 and

2012
2010 2012
A5
A% faM4 FeME /% A faHd FEHEEY%
Byh)lndy 141 17 12.06 104 9 8.65
Ba)Ukey 226 13 5.75 221 15 6.79
Bt 367 30 8.17 325 24 7.38

EMZER (p>0.05). (HEA)) LA MAKTA 7 HI5 5L 3
WA, G R ZE R RN A R A%
YN (7~9 Af AR, R, \ES, BEWRE
SFHRAEN R LA S A FE I RE PR AR R, AT 1 AR
By LB RIZRARA =N 0K, LW O AT RS . %Y (7~9 A6 iR, BEX
BRITG G R gt e Rk 4 fos. R ER, 4r7H 2 4 B 650 ) 3K B 5 | S 2= 3L 55 9% 1 v I i) B
WIERKZORE TS YR (8.93%), HiIkREHES (21 WG IN 1 25~ Wk BT B0 A B A 5 e R
(8.11%), HZE (7.52%), ‘a4 (5.48%). Xf Rk, %21 (7~9 A4 FIREE S o A ek it
HHT G, T 2R REEESR (p>0.05), ANEEL)) L S — N E R R B, NN [
I H. 2010 4FF0 2012 FFHIREANE =11 2 A A 2 BB ) LA it S R o B PRSI g
F 4 FEEFETHSSHRGERHKREITRERNAR

Table 4 Relationship between S. aureus contamination and production month

22 AREFFETEHLEEWEHREITRAM

o 2010 2012 At
HAM Mk Ry HAA  faMd raRRy AR bk FEVAE 2 /%
AE 100 8 8.00 85 7 8.24 185 15 8.11
S 162 12 741 104 8 7.69 266 20 7.52
*E 7 8 11.11 96 7 7.29 168 15 8.93
A% 33 2 6.06 40 2 5.00 73 4 5.48

23 WBRG &R EHERE T RN K A
%5 TEISRNEY)L AR SR EHEHRENH T

Table 5 Relationship between S. aureus contamination and shelf-life

e 2010 2012 4eit

RS Hor sk /% HARS b %1% AR b %1%
1 27 1(3.70) 28 3 (10.71) 55 4 (7.27)
2 50 4 (8.00) 52 4 (7.69) 102 8 (7.84)
3 68 6 (8.82) 44 1(227) 112 7 (6.25)
4 49 5 (10.20) 55 3 (545) 104 8 (7.69)
5 40 3 (7.50) 30 2 (6.67) 70 5(7.14)
6 24 1(4.17) 30 3 (10.00) 54 4 (741)
7 29 2 (6.90) 21 0 50 2 (4.00)
8 17 3 (17.65) 15 2 (13.33) 32 5 (15.63)

TR
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9 15 1(6.67) 9 1 (11.11) 24 2 (8.33)

10 13 1(7.69) 7 0 20 1 (5.00)

11 10 1 (10.00) 9 0 19 1 (526)

12 12 2 (16.67) 3 0 15 2 (13.33)

13 2 0 5 1 (20.00) 7 1 (14.29)

14 5 0 7 0 12 0

15 2 0 7 3 (42.86) 9 3 (33.33)

16 1 0 1 1 (100) 2 1 (50.00)

17 1 0 1 0 2 0

20 1 0 1 0 2 0

21 1 0 0 0 1 0

BT, B LB e e R & BR B G ermB-142 1 133

FEGEN 16 N H (50.00%), Hk 15 4N A (33.33%), A ermC-299 2 2933
0 M H (25.00%), 8 I~ H (15.63%), 13 AN H (14.29%), msrA-163 1 1.33
12/MH (13.33%), 9 MH (8.33%), 2 MH (7.84%), msrB-595 1 133
4N H (7.69%), 6 M (741%), 1M (727%), oy dfiK214 1 1.33
5AH (7.14%), 34H (625%), 114AH (526%), FRFRX G405 6 8.00
10 M H (5.00%) F174MNH (4.00%), HAhBEEEHA% WTBVEE  lind/lind-323 9 12.00
A BRI G ERERKE, &RWES Prx. MHE FHEMHE ace(6)-491 4 533

TG540, 2010 £EA0 2012 R KRR TR 483 2 T8 9%
HREMEZER (p>0.05). WL BRI, L4)L&
e ORI A ER T BETE 16 D H TR R 479, Ul
4% (088 25 BR B e 70 R4 ) L S AP R T I
ARt — Dt T A B ) L& b RS AL o
(B ARt e 7 9k b B f T B AR AE K9S 24
H GRS ARAEE R, USR] e B b 7 2240 L
Wk A 1T T REAS R

24 THHEEFELE

ARSI 075 P < T R A BR BT REAT 17 3 1 245 32
DRI RGN, AN 13 P25 56 AL, A 3 5240.6%.
Forb, R 258 ey T 245 2 1R e ret(K)-360 (72.00%
54 ¥k, HZblaZ (36.00%, 278 ermC (29.33%,
228K tetK-718 (21.33%, 168%) FlinA/linA’ (12.00%,
OPR) o HRSPIM 2R PRI AR R AL T 10% (EILEE
6)o
6 ISR ERBAEKEMAEEG HE
Table 6 Detection rates of antibiotic resistance genes in 75 S.

aureus isolates from infant food samples

eSS AEH A Ak /%

HFEEE blaZ 27 36.00
tet(K)-360 54 72.00

WIRE £ tetL-269 5 6.67
tet(K)F-718 16 2133

284

TSHRGEEOEEIRE T, Gk (1.33%) #Ei6
Fhiff 253 R, SKE (6.67%) #EHr6Fhi 25364, 6fk
(8.00%) #ErrdFhiit 250K, 110k (14.67%) #5453
R Z53E 0], 138k (17.33%) 2R 253E A, 33
PR (44.00%) 57 1R 25358, 68K (8.00%) A
AR 2558 (K7D

=7 5tk R B EEKEETT AEENBE ST

Table 7 Resistance gene types in 75 S. aureus isolates from

infant food samples

ARG EE S ES HHHE A%
6 1 1.33
5 5 6.67
4 6 8.00
3 11 14.67
2 13 17.33
1 33 44.00
0 6 8.00

H ERERTUEH, S aureustEH VIR FH
B FRARIR W BEBUAE 25 N 2528 R LU sy, aXmT
e 2 TR E AT S IR s T FG T T i 72
t, EAIUR R, FERMRATERSST RN,
WS4 40 10 PR 0 I LR BT AR 2R I 2 1 1S 54 o LG 1
517 22 /1NN 25 DR R PR R 22 T8l B — T 24 5 181 ) R
th (36>33), [UH6IE (8%) AHEHHTAINZHEA,
AT DAHEN K 2 24S. aureusX 22 Fii A A G
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25 HBhEREEE

AR I T 45 ] B 1A 9 AR L i B R R R HEAT A
I, FEASI 2 PR B g R L RS 43l dksen (44.00%,
338K), ser (4.00%, 3tk). HA7RHA G RILH
(ks 23RN0, IEAh, TERS & e 2 R R R B A
i, G IR 2 B EE R AR, 34k AR 1
Pl B ds RIE N . kel LA, AL R
S.aureus FITHH1 T AL B L R )RR EUD, (R
B — Mo B R R, B L A
PEAR R — 2 gy, 551 R E L.

3 Zig

WL s R, M B LE A 5 b S aureus
155, I EAH IR ZHS. aureus TR ETA VIR R H
BRMRINERRPUE RN 25, DU 3B
BB R I Ksen, WOZKBEMAAE—ERN LIRS,
T LI SRR B — € RS E B . BT EUR
P AR S R EEE R AR, RIS G &
st A A AR RS ) LA i S 81 ol it 1) %A
AT, FFH 2R TS SO0 s g A TR S, DAL
SRARUEF= M, Bl Rex 224 L5 &Yh &
TR e 1) Fe fiK o
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