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Section 7. Gram-negative facultatively anaerobic rods

Enterobacteriaceae

Escherichia ooli

Salmonella enterica

Shigella dysenteriae,

5. flexnen, 5. boydii,

5. sonnei

Kilebsiella, Enterobacter,
Citrobacter, Proteus,
Semratia, Morganelia,

Prowvidencia, and other
genera

Yersinia pestis

Yersinig enterocolitico

Calymmatobacterium
granulomatis

|nhabitat intestine of Mman

and animals. Genera (41)
and species (hundreds)
identified biochemically

Lactose-positive, most

frequent human pathogen,

various pathovars.

Lactose-negative, motile,
over 2000 serovars

Lactose-negative

[in most cases), nonmofile,

O-serovars

O pportunists, frequently
resistant to antibiotics

Bipolar staining, motile,
no acid from lactose.
FRodent pathogen

Reservoir: wild animals,
domestic animals, pets

Encapsulated, nonmotile
https://manara.edu.sy/

Mosocomial infections,
Gut disease caused by
pathovars EPEC, ETEC,
EIEC, EHEC, and EAggEC

Iyphoid/ paratypoid fever,
gastroenteritis

Bacterial dysentery

Mosocomial infections

Bubonic plague,
pulmonary plague

Enteritis, lymphadenitis

Granuloma inguinale
(venereal disease)




Table 27.1 Principal genera and species of Enterobacteriacease
of clinical interest

Genus Species

Synonyms
Critrobacter C. amalonaticus levineag amalonatica
C. frewundis
C. kosers C. diversus, L. amalonatica
Fdwardsiella E. taorda

E. anguillimortifera
Enterobocter

Ent. acrogenes K. mobiiis

Ent. cloacae
Ent. aggfomerans

Erwinia herbicola
Escherichia®
Hafnia H. afvei Ent. alvei, Ent. hafniae
Klebsiella K. oxytoca -
K. pneumoniae
SSp. gerogenes K. gerocgenes
ssp- ozgenae K. ozaenae
ssp. prnneurmoniae K. pneumoniae
ssp. rhAinoscferomatis K rfoxinoscieromatis
K. ornithilytica
NMorganeila MNM. morgarii Pr. morganii
Proteus

Pr mirabilis

Pr. vulgaris

Prov. aflcalifaciens
Prov. rettgeri
Prowv. stuartii

Providencia

Pr. rettgeri

Salmonelia®

Serratia S. liguefaciens Ent liguefaciens
S. marcescerns
S. odorifera

Shigeilla®

Yersirnnia®©

°See appropriate chapter.
https://manara.edu.sy/
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— Escherichia coli

Fig. 417 a Gram staining of aurine
sediment preparation: rounded
gram-negative rods, some coccoid.
Clinical diagnosis: acute cystitis.

b Culture on endo agar, a combined
selective/indicator medium. The red
color of the colony and agar indi-
cates the lactose breakdown pro-
cess.

pS: manar.edu.sy/
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Table 26.1 K antigens of Esch. coli

Group Il

Property Group |
Molecular weight (Da) >100 000
Acidic component Hexuronic acid,
pyruvate
Heat stability All stable
(100°C, pH 6)
O groups 08, 09
Chromosome site His
Expressed at 17-20°C Yes
Low

Electrophoretic mobility

<50 000
Glucuronic acid,
phosphate, KDO,
NeuNAc

Mostly labile

Many
SerA
NoO
High

KDO, ketodeoxyoctonate; NeuNAc, N-acetylneuraminic acid.

https://manara.edu.sy/
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Flagellum

Fimbriae

‘..~>. v »
SN

Fig. 26.1 Electron micrograph of Esch. coli showing flagellum and
fimbriae (arrowed). Bar = 0.5 um.
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Table 26.2 The major groups of diarrhoea-causing Esch. coli

Pathogenic group Common serogroups
Enteropathogenic 026, 055, 086, 0111, 0114, 0125,
Esch. coli (EPEC) 0126,0127,0128, 0142
Enterotoxigenic 06, 08, 015, 025, 027, 063, 0119,
Esch. coli (ETEC) 0125, 0126,0127,0128, 0142
Entero-invasive 078, 0115, 0148, 0153, 0159, 0167

Esch. coli (EIEC)
Verocytotoxin-producing 026, 028a¢, J111, 0112ac, 0124,
Esch. coli (VTEC) 0136, 0143, 0144, 0152, 01577, 0164

Entero-aggregative More than 50 'O’ serogroups
Esch. coli (EAggEC)

20ther serogroups are far less common than 0157 in human
disease. ‘

https://manara.edu.sy/
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== 26.4 Differential properties of heat-stable toxins (ST) of
=on. col

ST-1 (ST,) ST-11 (ST,)
Vo =cular weight (kDa) 2 5
m=nt mouse test + —
We=shanol Soluble Insoluble
“ 1 rtestinal loop + +
#=oiit ileal loop - =
¥ ; t loop + -

Activates cGMP Unknown (cyclic
nucleotides)

Y
LT

=012 cyclic guanosine monophosphate.

https://manara.edu.sy/




Table 26.3 Differential properties of heat-labile toxins (LT} of
Esch. coli

-~

LT-1 LT-I1

Cell changes

CHO cells + +

Y1 cells + -

Vero cells + +
Molecular weight (kDa)

A subunit 26 28

B subunit 11.5 11.8
Isoelectric point 8.5 6.89, 5.4°
Genetic location Plasmid Chromosome
Action Binds to gangliosides Activates cANF
o T-lla; °LT-I1b.

CHO, Chinese hamster ovary; cAMP, cyclic adenosine
monophosphate.
https://manara.edu.sy/
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—

Tl 26,5 Properties of some important human colonization factors

—

“=anzation factor ~ Components

Mannose-resistant hagmagglutinin

Human  Bovine  Guinea-pig  Fimbrial type Associated toxin  Associated serogroups

A (1
(52
(83

= (54
(95
(36

¥ + -
(4) t .
- + -
- + -
1 E -
- + -

Rod-Iike

Rod-like
Rod-like
Flbrillar

Rod-like
Rod-like
Helical
None

STor STILT

ST
STILT
STILT

T
STILT
ST
STorlT

04, 07,015,020, 025, 063, 078,
090, 0104, 0110, 0126, 0128
0136, 0153, 0159

06,0139

06

08. (78, 080, 085, 0115, 0128,
0139, 0168

025

025

06,029,092, 0114

0115, 0167, 025,027,079, 089,
092, 0148, 0153, 0159, 0169

"< ol surface antigen: ST, heat-stable toxin; LT heat-labile toxin; (+), weak reaction.
https:/manara.edu.sy#




:ETEC < (s sl pasddall

LT ¢ idsd)
LT ¢e sl dani¥ de )
) A Uial) dculiall g EIIS A a2 3¥0 Jasi sall Sliall Flaal) dlia
(Towa) RS JLAALS andlion (S Clas (el 5 LS4

:ST ¢ adsl)
ST ¢ sl LAY £ 5 5a Jo bl g Y

_ OIS Skl Je laayy
A& slaal) (39 A Jarindi g 4e  Jal) (pa Al acdl) s ay plaal) ) 55
il gaad) aS) Al S g ga (ubilial

A Ua il LI 9k (e £l 3 ST 2 dadaional) i dadal) ciale
30l (e Jula (e JSde Hapten s b Gl (e gaid Juaa ppudaal o
EIISA (RIA JL58) 4 gl Juaall ariiu
LTs9 STs - 82 g%al) i) gall aladiiy ETEC idsl 44 ) ga il gkt a3

O & M [ M E E M M

B © E E



(EIEC) slaadl &, ) 451 o81) Ludh ya¥)

OF uaall iadd) g ETEC (ra DS Guaes
i) Gl al) (e Jal8 2ae ame\u-«’%
uﬁ IS Guia Jala ua-d\ ) s

) 8_lgdall LA aa o 5 af 6 jlgdall w\ Llial) Al i
A1) Jala edlay s JANM Endocytosis sl 4180
) ) LA aga de gb Jale A cBlaygall Ja e 3 a8l )
Lt g 4 jLedal) LBAY JANa Juay gal) JMlad) say o) ad) AL

[ [ [ [



A UM 3 glaadl LA ‘_A\ laaty 5
” ‘ﬁ‘)}@m di}d\ ) 98 g cgl.@.’d\

U gad) Jaay S 2a Db 22 g
goadl Ll & lhay Q,;'d\ > WAl
LBA 938 5 allilY) Jeausa (1 gd) Ao B a8l il g

B skl

1 LPS 7Y 4l pa) cld] sl cili ) ga 3 <
Juaatl Jady



sl ol

o 9 i (3R g2y e Jda g Y

Cr %5 (Asa G Ll s a8l cila o & gl
oaddiall dalal) daall g ABUALY 5 gliwa

ala 5 g3 Ao SN 2 gy cpladally Jai5
24 s e sui dlaal) bl ]

s g il pandlidl)
g%..“m EJJM Gk



EC) LA aluad) ¢isall Aaital) dgi ol oS1) L )

le Vero LA Lalu Lisig il Esch.coli )3 cddis)
s g ma Lagd el Jalal) 0 ol caida o ga Ly
(DA il sal) 3L g 830 ¢ 5168 gl
e aals 0157 dlanal) 3 a3l 3 a3 (g ) 3
831 ol 58 gl ) o g a8

(EHEC)

(SIS, LAl cada Jlgal 98 A5 gl sS) gl

i Jlgsl 9 (kg all Bale Ay

D) a (Aadl 3 8 cdla (5 918 ) gualy (Absa ) gl Ja) A B Ll
Llasda

Sl die A ) pumll Cus g 5 jliuall JWBLY) 5 auda ) dis Lo gudi S|
08B 099 O Giaay Al gal i & Cidliay 81 B jAia Aadas sade Jlguly Lgilay B Bale (38)
A AR laboall (4 4y B B e B O Ry <l

O [E [ M [E



e

sdual jaY!
dabcall 5 aal) g Al 581 clia) gall g cdaa ol gl (el gAY Al
Iy Sh.dysentry typ (1) )2 4338 s Shiga Gl aa
Jlaniat) a g "Maad Gl M g Moy Agadd) AL
(Ldaine ¢pilida il Alaaal) ol LaaY) & el
a LAY A< g LA Lalus | pdilsa uilS VT i
Jaldd;
(2 8 Jaanl) ABY) A 4y adl) A oY) A (38 e ol e ¢ Lay
Ledal) LAY of 4y a8 ao oy 138 OB cAibaay ; gal) ABATY) da DUl
VT 3 o) gl
Uﬂ\dﬁwumﬁ\éﬁco\ﬂ\uﬁaw\@u&skufwh
' Endosomes sl Glapua (o Ylab iy g
o3 o A By any il il (158 g (1)l (B Gl o
A25 AT :p15aY) JSia LaiJHA 5aa gll ciat aadls Aducaal) 4141

LOAY Ciga ) (g2 Laa i gl asiaal (LA (e AT awidl] adiay



Table. 26.6 Differential properties of Verocytotoxins expressed
oy Esch. coli

—

VT1 V12 VT2v?

Synonym SLTT SLT2 SLT2v
Cytotoxicity

Vero cells + + +

HeLa cells + + -
Wolecular weight (kDa)

A subunit 32 35 33

B subunit 7.7 10.7 7.5
Senes phage-encoded - + -

“*Human and porcine variants.

4 https://manara.edu.sy/
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Fig. 27.1  Mucoid (left) and non-mucoid (right) variants of
Klebsiella species on carbohydrate-rich medium. (Courtesy of Czoms
Sharp and Richard Edwards, Queen's Medical Centre, Nottingna=
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Gram-negative bacteraemia. Laboratory reports, England and Wales 1992-2002 (Health Protection Agency data).
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— H Phase Variation in Salmonellae

-
H2 i I Hi
|

| | l \_/
: : H2 flagellin Repressor
| | .

H2 1 2

H1 flagellin

Fig. 418 P= promaoter, HZ2 = HZ phase gene, H1 = H1 phase gene, m1 = requlator
gene for H1, hin = gene coding for the DNA invertase. The horizontal arrows show
the direction in which the genetic information is read off.
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Fig. 2a4.2 Electron microaraph of Sa/moncifo Enteritidis. Arrow

indicates the flagelia that carry the "H” antigens. Bar = O3 pum.
https://manara.edu.sy/
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Table 24.1
salmonellae

Antigenic structure of some representative

_

Serotype ‘0" antigens 'H' antigens

Phase 1 Phase 2
Typhi 9, 12, [Vi] d -~
Paratyphi B 1,4,5 12 b Vo2
Typhimurium 1,4.5, 12 i 1, 2
Enteritidis 1,9, 12 g, m : 1
Virchow 6, 7 r 1,32
Kedougou 113,23 i 1, W
Hadar B, 8 Z10 e, n, X
Heidelberg 1::4:5; 12 r T2
Infantis 6,7, 14 r 1.5
Newport 8, 8, 20 e, h 1,2
Panama 1,9, 12 [, v 1.5
Dublin % 912 g, p -
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Table 4.7 Excerpt from the Kauffmann-White Scheme which Covers Over 2000

Serovars
Group  Serovar O antigens H antigens
Phase 1 Phase 2
A Paratyphi A 1, 2,12 a -
B Schottmuelleri (syn. Paratyphi B) 1, 4, (5), 12 b 1, 2
Typhimurium 1. 4, (5), 12 i 1, 2
(| Hirschfeldii (syn. Paratyphi C) 6, 7. (Vi) C 1,5
Choleraesuis
6, 7 (c) 1,5
2 Newpaort 6, 8 e, h 1, 2
D1 Typhi 9, 12, (Vi) d -
Enteritidis 1,9, 12, (Vi) q, m (1, 7)
Dublin 1.9, 12, (Vi) q. p -
Callinarum 1.9, 12 - -
Panama 1,9, 12 I, v 1,5
E1 Oxford 3,10 ! 1, 7

Parentheses indicate that the antigen is often not present. The Vi antigen is, stricthy
speaking, actually a K antigen. The numbers in bold type indicate the antigen that
characterizes the O group.
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Fig. 24.1 Human cases of salmonellosis identified in England and
Wales during 1981-2004 (l—rl]ﬁzalyh Protect/ion Agency data).
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