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Comparison of Selective Media for Isolation and Detection
of Shigella spp. from Foods
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Abstract

The objective of this study was to compare the performances of conventional microbiological media used
in isolation of Shigella spp. from foods. Total of six selective media, including MacConkey agar (MAC), Salmonella
Shigella agar (SSA), desoxycholate citrate agar (DCA), xylose lysine desoxycholate agar (XLD), hektoen enteric
agar (HEA), and CHROMagar, were tested. MAC showed almost the same colony numbers as compared to tryptic
soy agar (TSA) while DCA showed significantly lower colony numbers when cultivated Shigella spp. was counted
in each medium. In a food recovery test with beef, pork and shrimp, S. sonnei recovered well on CHROMagar
(p<0.05). With lettuce and cabbage, S. sonnei displayed significantly significant recovery (p<0.05) on SSA in
comparison with other selective media. Heat-injured cells recovered well on MAC and SSA. In a specificity test
using Enterobacteriaceae strains, HEA was identified as having the highest specificity among the tested media.
However, Morganella spp. could not be differentiated from Shigella spp. on any of the tested selective media.
Shigella spp. precluded the possibility of isolation from foods by a single 'best’ selective medium. Consequently,
a combination of complementary selective media or selection of appropriate media according to cell conditions

must be considered for comprehensive isolation.
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(10,11). AFlAX Shigella spp.& A= W v= FDA
Bacteriological analytical manual(12)o €]3}H Shigella
brotholl A S w121 & MacConkey agar(MAC)ol| A
] wiFete Wil #aiEo] glow f-Evet AR A
EE A A A AG4RH(13)ol A= Shigella spp.
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cholate citrate agar(DCA)7} 9o =& A4S /A&
u X] 2 = SSA, hektoen enteric agar(HEA)7} AF-&-% 31

tH(14,15). =3 B8 EEujA] ] A5 2] HEo °Jco}7ﬂ
2 7] e Holw T A4x) i A 7hAle] BeluA)
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Shigella sonneifl KCCM 40949), Shigella flexneri KCCM
40948), Shigella boydiil KCCM 41649)E tryptic soya broth
(TSB, Oxoid, Hampshire, England) & 37°Coll A 24A] 3t Hj
k3l & tryptic soya agar(TSA, Oxoid)dl]l = Hj 9F3}o]
Y4E B 2UE Beiso] Aol Agaic MdH
e 01% WEFT H4eko] ALEaAT BeluAel He)
A &4 & Enterobacteriaceaed 43+ # 2.2 E. coli O157:
H7 3%, Eschericlia coli 27, C. sakazakii 4%
stuartii, Citrobacter spp. 2%,

, Providencia
Serratia spp. 3%, Morgan-
ella spp. 3%, Enterobacter spp. 3%, S. Typhimurium 4%
Klebsiella spp. 2%, Edwardsiella tarda, Proteus spp. 2%
ZF 0TFE o= ATt #8 wi X+ MAC(Oxoid),
SSA(Oxoid), DCA(Oxoid), XLD(Oxoid), HEA(Oxoid),
CHROMagar(CHROMagar™, Paris, France)E ©]£3}]
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37°Coll A 24A17F vl 8+ Shigella spp.= 1071 i] 3}04
Ztzho] el Aol st Z+ EEuj Ao MY A 54
S #TESFH(Table 1). ¥R A TSANAM = 7.46~
7.83 log cfu/mL %9 &S YelAY. S sonneio] 73
% E2| X191 MAC, SSA, XLD, HEA, CHROMagari| A
0.17~0.67 log cfu/mL(p<0.05) F=F2.2 A& o] As|dE A
o2 Yehgth DCAAE 7H4 ZA Asiso] 1.20 log
cfu/mL(p<0.05) FF 22 A=At S boydie MAC,
SSA, HEAYI A9 7ol ¥ =33 DCA®} CHROMagar
ol A 0.95, 0.83 log cfu/mL(p<0.05) o2 A3 = A}
S. flexneri= MAC, SSA, DCAA A ®]&=3F &S B o
1} XLD, HEA, CHROMagarell A 0.48~0.62 log cfu/mL(p<
0.05) o2 Asd 475 & 5 AJT =& A
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Table 1. Growth of Shigella spp. on different selective media
Shigella spp. (log cfu/mL)

. 1
Medium S. sonnei S. boydii S. flexneri
TSA 7644030  7.46+0.22° 7.83+0.20°
MAC 7274031 7.39+022"  75940.07"
SSA 6974040  7.06+0.46™  7.50+0.25"
DCA 6.44+0.38 6.51+£0.29° 7.43+0.23%
XLD 747£020"  6.84+0.44>  7.334+0.08"
HEA 715£0.29"  7.33+023"  7.35+0.29"
CHROMagar  7.29+0.25"  6.63+0.17° 7.214+0.37

All values are mean=®SD of three replications.

1)TSA, tryptic soya agar; MAC, MacConkey agar; SSA, Salmo-
nella Shigella agar; DCA, desoxycholate citrate agar; XLD,
xylose lysine desoxycholate agar; HEA, hektoen enteric agar;
CHROMagar, CHROMagar .

YMeans with different superscripts are significantly different
by Tukey’s test at p<0.05.
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@A) "= FDA BAM®| W (12)0.2 2 F X Shigella
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o] & &9 Hlsle AaE= A2 YElETH DCAY
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CHROMagar®] 2% S sonneis A <)sta ot v 2 ¢} v
35k 0.62~0.83 log cfu/mLE A7) A3l = Ao} 34
o goz Ml Fd FEUE U] A Fe=R
presumptive 24 o] FE3 AT ol &F W=
Shigella spp.2] A&S vl g 23 CHROMagardl A SSA
9o} XLDE vt AY 9zt we 59 Jg57t BEE
A= Lample®} Maurelli(11)9] Ei19} FAFSA G-

A EO|ML F-Ms
2%l Shigella spp. & AANH 02 HESH & 2 Zul
A X9 BFdeS S48t 2 AHE Table 29 YERY
R}, AR 37 HESE S sonnei® 735 CHROMagar©l|
24 4.00 log cfu/mLZ 71 £ 3545 S YeEdon
HEAOA 7P ve 3445S YEh AT (p<0.05). S.
boydii® 7% 3.26~3.77 log cfu/mL 2.2 3FHAS
w Z} HjA] 7F fel " ztole ATk S dexnerie SSAQ}
HEASIAM 7} =& 302 355 At (p<0.05). 2317)
o A3 S sonneiXNE H A 317]$} 2o CHROMagar
A A 402 log cfu/mLE 71F & 345452 Jeld g
H(p<0.05), S fexneris FE3 A= 71 & #5491
3.03 log cfu/mL-& YEM A Hp<0.05). S. boydii= 3.09~
3.69 log cfu/mLE 3FEUom 79k 2o] ujx 7t
oA Aole At Ao M = S sonnei®] 7-$ SSA,
CHROMagarol| A 4.05~4.18 log cfu/mLZ 7} =4 =34
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Table 2. Comparison of selective media for detection of
Shigella spp. from various foods

Shigella spp. (log cfu/mL)

Medium” ; = > -
S. sonnei S. boydii S. fexneri
Raw pork ‘
MAC 3574008 353+0.11  3.08+0.05
SSA 3384007  377+022*  3.36+041°
DCA 311+0.02°  3.40+0.05*  3.19£0.11"
XLD 354+0.10™ 347+051*  3.10+0.05"
HEA 3.02+0.08 334017  3.44+0.19°
CHROMagar 4.00£0.16°  3.26+0.35*  3.16+0.03"
Raw beef
MAC 3.16+0.03"™ 330+0.18"  2.82+0.06™
SSA 3474032 320+0.42°  285+0.13"
DCA 3174007  369+053"  2.73+0.06™
XLD 343+0.26™  320+0.11"  2.99+0.06™
HEA 3.00+0.15  3.09+0.10°  2.75+0.09"
CHROMagar 4.02+0.06°  3.62+0.04*  3.03+0.20°
Shrimp
MAC 3.73+0.19"  3.60+£0.09"°  3.12+0.04
SSA 405+0.07"  397+024"  3.19+0.06°
DCA 3214021°  414+0.16*  2.94+0.04°
XLD 358+0.16"  3.66+0.17" 3.16+0.07"
HEA 353+0.11"  3.45+0.33*  2.77+0.04°
CHROMagar 4.18+0.13"  342+023°  3.03+0.08"
Lettuce
MAC 311+0.13"  475+0.05"  4.06+0.12°
SSA 3.17+£007°  466+0.17°  3.24+011"
DCA 297+0.04™  385+0.46™  3.27+0.08"
XLD 298+0.11"  4.12+0.10"  3.16+0.02"
HEA 291+0.10"  4.19+0.03"  340+0.42"
CHROMagar 2.84+0.08"  366+0.44°  2.97+0.04
Cabbage
MAC 3.13+0.04"  313+0.04"  278+0.14
SSA 337+0.12°  290+0.14*  3.01+0.21°
DCA 3.06+0.11°  3.13+0.03"  2.79+0.09°
XLD 330+026™  3.49+0.07"  3.10+0.07
HEA 2834009  2724+0.10°  3.19+0.05°
CHROMagar 2.97+0.04™  295+0.03°  2.98+0.05"

All values are mean=®=SD of three replications.

UReferred to the commented in Table 1.

YFor each food, means with different superscripts are sig—
nificantly different by Tukey’s test at p<0.05.

Hlem DCANA 7hd BEA 74 5 A th(p<0.05). 2 vt
S boydii®] 7-%- DCA7} 7V &£ 34 %5S Yehd vhd
CHROMagare 7} @& 35S JeEl St 5
M= S sonnei}t S. boydii7t CHROMagarol| Al 7H4 YA
3 om MAC, SSAAdA =4 359 3= ey
o} kw9 A9 MAC, SSA, DCA, XLD7} S. sonneiSt
S. boydiil W3l wL 5 FS WERR S HEAS
CHROMagaroll A 2.72, 297 log cfu/mLE 220 & Y7
ZAH A Hp<0.05). S. Aexnerie= M-F-9F FujFoll A 2zt
2.77~3.19, 2.78~3.19 log cfu/mLE 3|F5 o] v x]7+2] &
oA ztole gle AR AT 2t FFF HE
St S fAexneriv= 2.97~4.06 log cfu/mLZ FFHJoH
MACH A B2 mj x| ¢} Hlwale 3550 Fo2Hoz =
L Ao 2 ZAFHATHP<0.05). A FolA e 34 A3 2=
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S. sonner®] 7% A7), 2317, AH$olA CHROMagar I e o] AJolsteRE T ¢S o
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:Q:]_'_Q M__tq CHROMagar9Jr HEAoﬂ }\1 7]_ 17A<_7_]] :g]_/r_g /;]%oﬂ 3—%6‘}74] Z‘ HO}*‘ N'XH;'LQ‘ S]ZIQE’]]H Spp.ﬂ @%
ATHp<0.05). S. boydiis} S. fexneril = CHROMagare] = ST F SIE AR 488 & 7] wjwel 2
:F}ﬂ‘—o] we Aoz =459tk Lampled Maurelli(11) 2 FAM AATE FESIA AP FAE EEHIR ] =
b g e} A $olA XLDS CHROMagare] thgr  Fotel 83543 SAstgor 2 dakE Table 3o et
3rd%s 7;349} )i 3te) CHROMagard] A 9] 8l5Ase  WATh SA7I0AM frelidk 25 S HEACNAM 718
2 AYAA vl SHHJAT XLDe) SFAse B RS 4TS BAow 2719k A= SSACIA TP wE
Aol AriH o A JE AT, Heba A F oA ﬂ 378 JERIQT ol DCA, 3014 MAC
& AFLe AN AL S sonneid] PAE A HA 3], A oM e] el 713 AA AsfE= Aoz yebda gl
7, A 3445 0] %& CHROMagarS A}go}uq oF 9 A% 7 BeuAA AFE AATe) 4ol Aol B
%, U AE SSA AHgo] AEO] Gol@ Aoz e A Guth Aol 488 A AF BRN fAD 4F
HAoh B AA A3 Shigella spp.E A& FFo wet Al tigk 3732 2 A2k oA Aol vt flSiTh
Table 3. Intensity of background microflora on selective media
Sample Intensity of background microflora®”
P 1 2 3 4 5 6 7 3 9 10 Average
Raw pork ‘
MAC 2 3 2 3 3 3 3 2 0 3 2.30+1.06™?
SSA 3 3 2 2 3 1 2 3 0 2 2.10%+0.99
DCA 2 3 2 3 2 2 3 1 0 0 1.80+1.14
XLD 3 3 2 2 3 1 2 1 0 2 1.90+£0.99
HEA 1 1 2 1 2 0 2 1 0 1 1.10+0.74
CHROMagar 3 2 3 3 3 3 2 3 0 3 2.50+0.97
Raw beef
MAC 1 1 1 0 0 0 0 2 0 0 0.50+0.71™
SSA 1 1 0 0 0 1 0 1 0 0 0.40+0.52
DCA 2 1 1 0 0 1 1 0 0 1 0.70+0.67
XLD 1 0 1 1 0 1 1 1 0 2 0.80+0.63
HEA 1 1 1 0 1 1 0 0 0 1 0.60+0.52
CHROMagar 1 1 0 1 1 1 0 1 0 1 0.70+0.48
Shrimp
MAC 0 0 1 0 0 0 0 0 0 1 0.2040.42™
SSA 0 0 0 0 0 0 0 0 0 0 0.00+0.00
DCA 1 1 0 1 0 1 1 1 0 2 0.80+0.63
XLD 0 0 0 1 1 2 1 1 0 2 0.80+0.79
HEA 1 3 1 0 0 0 0 1 0 0 0.60+0.97
CHROMagar 0 0 1 0 0 1 0 0 0 1 0.3040.48
Lettuce
MAC 2 1 3 3 1 2 1 0 0 2 1.50+1.08"
SSA 2 0 3 3 3 0 2 0 0 2 1.50+1.35
DCA 0 2 0 3 0 3 0 2 0 3 1.30+1.42
XLD 2 2 1 3 3 2 2 3 0 2 2.00+0.94
HEA 2 0 3 3 2 0 3 0 0 3 1.60+1.43
CHROMagar 3 2 1 3 0 1 2 3 0 3 1.80+1.23
Cabbage
MAC 0 0 0 0 0 0 0 0 0 0 0.00£0.00™
SSA 0 1 0 1 0 0 0 0 0 0 0.20+0.42
DCA 0 0 0 0 1 1 0 0 0 0 0.20+0.42
XLD 2 0 0 1 0 0 0 0 0 0 0.30+0.67
HEA 1 0 0 0 0 0 0 0 0 0 0.10+0.32
CHROMagar 1 1 0 0 0 0 0 0 0 0 0.20+0.42

1)Intensity of background microflora was rated in a scale of 0 to 3. 0, none or less; 1, sparsely populated background colonies;
‘ 2, medium-populated background colonies; 3, heavily populated background colonies.
YThere were no significant differences in all selective agar.
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spp. EEui Ao s vAYE 71 w4 BEHIoH
A2317], A, FulFel A EAEE AT FoAlX Shigella
spp. wEHA A AFete PAE e i Hes ¢
F Atk Lample®} Maurelli(11)= A9} FdF4
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sonner®] 7% MAC, SSAAAMW AAE A3 S Aexneri=
MAC, SSA, XLD, CHROMagarol Al A= At} S boydii
= EE "iAdA 4Fs FAT & AT 53], MAC,
SSAA 247} 4.05 log cfu/mL, 4.17 log cfu/mLZ 4735
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CHROMagar®] 4% 254 log cfu/mLZ 7o 7} skttt
(p<0.05). 2F 2EHY =S ‘.ﬂ:‘% Shigella spp.o\ X+ S fexneri,
S. boydii7} SSAE Al 98kl z+zke] Beluj Ao A T A
S et SSAE AdEdo] 2 v x]o| ARk ~E g

e dAGTE 71E9 Baet 4
Ao 7 Aol éx] B3

o Aelg e A= HHXli A A = MACOIA 7h
T =2 AAE ET WF 2EHGAE we Vﬁzﬂ
- HAIH 22 Shigella spp.d] Bl A UER ™ S

S

boydire M ALY Fo 2 Zol7t I S sonnei®t S.
fAexeneri= M A7+ €993 =o]7 A},
2170 EAlste vAES 98X, 7FEAE, 7
o] 71 TS AR AN 2EH 2
&AE A AEE EAE £ Q. o] A
g2 ARgste] AEARS & AT ’\‘ﬂF:HHHZ]"ﬂ &
A Al 2k bile saltoll oJs&l A}E o]
UTHA). TS &9 Al ZTL AF &AM FEH
ol AT o T AL F v e S wASHA Hol A3
Aol GtA HrE 4= U} Shigella spp.oll &, Ak WA 2E
H =8 7He $ iR A o] FAgE vws) B A 4 2E
H =5 whe ujgEo] EEujA oA 71 A AsfEHE A
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AN Relgta AzE k.

=g 2=

Table 4. Comparison of selective media for detection of Shgella spp. with cell stress

Shigella spp. (log cfu/mL)

) s 2)
Stress Medium S. sonner S. boydii S. flexneri
TSA 3.12+0.49" 4.48+0.42° 4.09+0.32°
MAC 2.44+0.61° 4.05+0.43" 354+0.27"
SSA 2.9340.08° 417+057 2.39+0.13°
Heat DCA - 4.00£0.77" -
HEA - 3.96+1.00° —
XLD - 3.44+0.70° 2.00+1.15"
CHROMagar — 2.54+0.34 3.30+1.90"
TSA 4.94+0.39" 5.62+2.81° 4.83+0.18"
MAC 3.75+£0.28" 5.63+2.82° 4.384+0.09°
SSA 2.74+1.04° 3.67+0.23¢ 3.84+0.32"
Acid DCA 3.20+0.30™ 5.01+0.30° 410+0.27°
HEA - 4.68+0.15™ 4.11+0.28"
XLD - 4.44+0.33° 4.10-+0.18
CHROMagar 2.99+0.43° 490+0.25™ 4.20+0.80™
TSA 5.77+0.08" 4.48+2.23" 5.86+2.93
MAC 5.71+0.20% 5.01+0.27" 430+0.13°
SSA 4.42+0.44" 4.85+0.25" 3.70+0.46"
Chill DCA 4.90+0.28" 4.42+0.25" 3.30+0.22
HEA 4.36+0.22" 3.93+0.42° 4.40+0.15™
XLD 5.18+0.52™ 4.00+0.19° 4.78+0.08"
CHROMagar 5.84+0.15" 4.86+0.21° 4.31£0.10°

All values are mean=SD of three replications.

1)Heat, TSB culture 2 mL incubated at 60°C for 30 min; Acid, BHI acidified to pH 4.0 with HCI] and incubated at 37°C for 6~18

_hr; Chill, TSB culture incubated at 4°C for 6 days.
YReferred to the commented in Table 1.

YMeans with different superscripts are significantly different by Tukey’s test at p<0.05.
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Table 5. Determination of specificity using Enterobacteriaceae

- A

Medium"
MAC SSA DCA HEA XLD CHROMagar
True negative 18 20 22 24 23 22
False positive 12 10 8 6 7 8
Percent of specificity (%)% 60.00 66.67 73.33 80.00 76.66 73.33

YReferred to the commented in Table 1.

?The number of non-shigellae strains giving a negative color reaction or failing to grow divided by the total number of non-shigellae

strains tested.

=o|dfx[e] MEhY £H
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A AFEEH T e EEEIAE R B A5S vl
3tk MAC, SSA, DCA, XLD, HEA®} CHROMagar &
6712 EEujAE QAo ® vlws ot Lut Shigella spp.
o] et A4S MACOIA TSAS) HIS=3 =53 F+5 HY
3 DCAA e dF2 SHHJTE 237, HA 7], A
2 Ao g 3 IFAYL S sonmei7t CHROMagaroll
Al Aol AR o™ (p<0.05) FFFeF el
A€ S sonne7b SSACIA 9] Aol FH o= FA e
BoHp<0.05). A1F AT 2a17], A, ol HA
Hog vre FFoZ ZAHE oY 7 mj XA fo]F A
ol FAGp>0.06). € 2EHYXEE W2 S somer= MAC,
SSAo|MTF A=A AT, EnterobacteriaceacS 0.2 3+
AaAd 54 27 HEAVF /M8 =2 A94S et
Morganella spp.= 2+ S8 XA Shigella spp.2} T+E 5
A FeAnt. Ao AR WA= Z42be] 23 wE B
Ee 540] Aolgtra 2FA A A E o] &3t
Shigella spp.& &8szt & A5 &8 79 deol wat
A S ddste] AREste o] utEAE Ao R 42

= A

ZAte =
o] =EL 20109 % AR (S r|eR) APz g
TATFAG AYPS wro} P E AT (2010-0021744).

8.

10.

11.

&l

. Corry JEL, Curitis GDW, Baird RM. 2003. Chapter 14.

Media for the isolation of Shigella spp. In Handbook of
Culture Media for Food Microbiology. Elsevier Science B.
V., Amsterdam, Netherlands. p 209-214.

. Yang J, Nie H, Chen L, Zang X, Yang F, Xu X, Jhu Y,

Jin Q. 2007. Revisiting the molecular evolutionary history
of Shigella spp. J Mol Evol 64: 71-79.

. Talukder KA, Islam MA, Khajanchi BK, Dutta DK, Islam

7, Safa A, Alam K, Hossain A, Nair GB, Sack DA. 2003.
Temporal shifts in the dominance of serotypes of Shigella
dysenteriae from 1999 to 2002 in Dhaka, Bangladesh. J Clin
Microbiol 41: 5053-5058.

. Uyttendaele M, Bagamboula CF, De Smet E, Van Wilder

S, Debevere J. 2001. Evaluation of culture media for enrich-
ment and isolation of S. sonnei and S. flexneri. Int J Food
Microbiol 70: 255-265.

. Brooks JT, Ochieng ]JB, Kumar L, Okoth G, Shapiro RL,

Wells JG, Bird M, Bopp C, Chege W, Beatty ME, Chiller
T, Vulule JM, Mintz E, Slutsker L. 2006. Surveillance for
bacterial diarrhea and antimicrobial resistance in rural
western Kenya, 1997-2003. Clin Infect Dis 43: 393-401.

. Islam MS, Hossain HS, Hasan MK, Rahman MM, Fuchs

G, Mahalanabis D, Baqui AH, Albert M]J. 1998. Detection
of shigellae from stools of dysentery patients by culture
and polymerase chain reaction techniques. J Diarrhoeal Dis
Res 16: 248-251.

. Sackey BA, Mensah P, Collison E, Sakyi-Dawson E. 2001.

Campylobacter, Salmonella, Shigella and Escherichia coli
in live and dressed poultry from metropolitan Accra. Int
J Food Microbiol 71: 21-28.

Lee KU, Ju YR, Park YMA, Lee KJ, Lee Y], Kim CK, Hong
SG, Park YC. 1996. Construction of allelic exchanged mu-
tants for a gene replacement of Shigella sonner. J Korea
Soc Microbiol 31: 35-44.

. Zhang G, Lample KA. 2010. Comparison of chromogenic bi—

olog rainbow agar Shigella/ Aeromonas with xylose lysine
desoxycholate agar for isolation and detection of Shigella
spp. from foods. J Food Prot 73: 1458-1465.

Centers for Disease Control and Prevention. 2006. Shigella
surveillance: annual summary. 2005.

Lample KA, Maurelli AT. 2007. Shigella species. In Food
Microbiology: Fundamentals and Frontiers. Doyle MP,
Beuchat LR, eds. ASM Press, Washington, DC, USA. p
323-341.



12.

13.

14.

HqEozny A4 %

FDA. 2009. Chapter 06. Shigella. In Bacteriological Analyt—
ical Manual. Food and Drug Administration, USA. http://
www.fda.gov/Food/ScienceResearch/LaboratoryMethods/
Bacteriological AnalyticalManualBAM/ucm070789.htm
CDC. 2002. Guidelines for laboratory diagnosis of statutory
communicable diseases. Centers for Disease Control, Seoul,
Korea. p 27-29.

American Public Health Association. 2001. Compendium of
methods for the microbiological examination of foods. 4th

=5 9% EuiA Bl

16.

1031

ed. American Public Health Association, Washington, DC,
USA. p 381-385.

. De Boer E. 1998. Update on media for isolation of Entero-

bacteriaceae from foods. Int J Food Microbiol 45: 43-53.
Warren BR, Parish ME, Schneider KR. 2005. Comparison
of chromogenic Shigella spp. plating medium with standard
media for the recovery of Shigella boydii and Shigella son—
nel from tomato surfaces. J Food Prot 68: 621-624.

(20119 49 279 A< 20119 5¢9 199 A=)



