CHAPTER 111

LITERATURE REVIEWS

Morphology and Identification of Sa/monella species

Salmonella had been named aft & sgientist who discovered them, Dr. Daniel
Salmon in 1884. It was classi fied \ﬂ , % teriaceae, tribe Salmonellea, and
genus Salmonella. Salmoneélis atj éive bacilli very in length. Colonies
are most often opaque M Imonella pullorum-gallinarum

are motile with peritri adily on simple media, but they

almost never ferment 1d sometime gas from glucose
¢, catalase positive, indole and
d'S \ ’s citrate positive. They usually

produce HsS and ureas - oh \\ ally fermented are L-arabinose,
D

maltose, D-mannitol, D-ma rbitol, trehalose and D-xylose. Some
onfirmation of Salmonella species, as
picals (eg, brilliant green, sodium
tetrathionate, sodium-dedxycholat %W,M“‘_ bacteria; such compounds
are therefore useful , r"-“.‘, lae from feces(1,2).

Antigenic Structure of Salmonella speciesg.s

AULINENINYINT

Antloeng Structure of Salmo&ella species contam 3 antloen
ﬁqﬁﬁ)ﬂ ?w uﬁ)ﬁqw f]haﬁ Main substance
are polysaccharide, protein and phospholipid. O antigen can resist 100°C for two and a
half hours, endure to 95% ethanol, endure to diluted acid. The reaction of O-antigen with
antisera will be the granular form.
2. H antigen are flagella antigens, main component is protein. It’s easy to be

decomposed by alcohol, acid and temperature at 60°C. The reaction of H anti gen with
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antisera will be the floccules form. Almost Salmonella possesses 2 phases of H antigen,
the first phase called specific phase and second phase called non-specific phase.

3. Vi antigen is a special somatic antigen and belongs to the group of K
antigens.It’s usually capsular antigents, but a few are now known to be pili (fimbriae).
These antigens are found on all encapsulated enteric organisms. In most cases, they are
referred to as K antigens. By convention, however, they are called Vi antigens when they

are found on salmonellae. K comes fi¢ ' erman word Kaps'él and Vi is the shortened

form of the word virulence. Sals wonella s vith Vi antigen have an greater
pathogenicity than the strains.\yitho i anti hile salmonellae are initially
T—

detected by their biochemicals sti ips.aid species are identified by
antigenic analysis. Lik }‘ iacede, salmanellae possess several O antigens
0 one or both of 2 phases. Some
salmonellae have capsulaf 1 éns, refe Vi, Wthh may interfere with
hinvasiveness. Agglutination tests with
absorbed antisera for differgnt O _ 4 gens form the basis for serologic classification
of the salmonellae. Organis yese-bantigensian becqme non-motile. Loss of O

18 AT0) ugh colony form. Vi antigen may be
lost partially or completely. A‘_rl ired (or los,;) in the process of
transduction(3, 4). " _ Ve

Classification of Salmonella spe m

e R GRBPGIR WIT st come

only two specid§l S. enterica, whlcg is divided mto six subspecnes S. enterica subsp.

enteric wﬂl‘c@gﬁl jm ;’j l}tﬂuﬂfﬁrﬁ E] enterica subsp.
dlarzzoaé n olifena and S. enferica subsp. indica, and S. hongori

(biochemical are shown in table2)(2). This nomenclature reflects present Salmonella

taxonomy. Serovars belonging to S.enterica subsp. enterica are disignated by a name
usually related to the geographical place where this serovar was first isolated. This name
is written in roman letters (not italicized) and the first letter is a capital letter. Serovars

belonging to other subspecies are designated by their antigenic formulae, following the
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subspecies name. More than 2,501 different serovars of Salmonella enterica have been
identified and most of them have been described as the cause of human infections, but
only a limited number of serovars are of public health importance. Most reports have
mentioned Salmonella enterica serovar Typhimurium and Salmonella enterica serovar

Enteritidis as the most common causes of human salmonellosis worldwide(2,5).

Table2  Differential characters

ella species and subspecies by

biochemical test

Species

S. bongori

Characters
Dulcitol

ONPG (2 h)
Malonate
Gelatinase
Sorbitol

Culture with KCN
L(+)-tartrate®
Galacturonatey- -
glutamyltransferase +*)
B-glucuronidase d. _ _
Mucate A+ ]+ _
Salicine N o

Lactose

Subspecies enteric W ﬁ o~ Hotternaz | ndica
a A/ , \

P

+ o+ 4+
"

+ 4+

+ o+ 4

+
1

+ o+ 0+ 4

-+

Usual habitat Warm-blogdg Co]d-bl@ed animals and environment

NS
(a) = d-tartrate J I1Td

(*) = Typhimurium d, DdBlin -.+
+=90% or mor

e positive reacti ¢ o el
-=90% or moraxle v%I' 1%{(]‘;;“ ywqua’]aﬂ
d = different reactionls tiv erent serovar




In 1926 the analysis procedure of O and H antigens were initiated by White and
these procedures were studied deeply by Kauffman. Thus almost of references of
Salmonella serotyping is performed according to the Kauffman — White Scheme.
Salmonella species are also characterized by three major antigens by Kauffman—
White(5). Serotyping is a definitive typing method used for epidemiological
characterisation of bacteria. Serotyping of Salmonella enterica strains is carried out by
'géf\s) and flagella antigens (proteins, H-
antigens). Most commonly st ress two phases of H- antigens but
aphasic, monophasic and ic varia ‘éThe definition of the serotypes on

basis on the present antigenseofibtiation is in‘the “Kauffmann-White scheme™(5).

identification of surface antigens

The initial serodia® 1S o/ ed in 1896 by using the

serum of Salmonellosiggpatight 1o agcliitina ‘with the ogen of Salmonellosis patient.

The strains which will bg Ymiist had been teste or biochemical characterictic
already, the two importa 3 @ TSI jred - \ L, \n\ , ONPG, Indole, and VP. It
should be subcultured the tgste Q | \- e and incubate at 37°C for 24
on/of \‘ tigen is performed by slide
agglutination method. In 19 P98 WHO. borating Center for Reference and
Research on Salmonella Insti g.ﬂt‘ ished the report of Antigenic Formula of

Salmonella serovar 1 as following data Table 3 The

‘ in a document called the

y
AU INENINYINS
AR TUNNINGAY

simplified antigenic

Kauffmann-White Scl@ne(@.
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Table3  Antigenic schema for Salmonella formulas
(Which contain O antigen and H antigen )
FLAGELLA (H)
GROUP SEROVAR SOMATIC (O) ANTIGEN ANTIGEN
phase | phase 11
0:2 (A) S. Paratypni A 12,12 a 1:5)
S. Kiel 1,2,12 g.p -
0:4 (B) | S. Paratyphi B 1,4,(5),12 b 1,2
S. Derby 14.(5),12 f.g (1,2)
S. Typhimurium y12 i 1,2
0:7 (C1) S. Paratyphi C g 1.5
S. Schwar d i
S. Livingst i d 1w
S. Virchow N r 1,2
S. Infanti Ny r 1,5
0:8 (C2-C3) | S. Newpo ‘ . e,h 1,2:[z¢7]
S. Brunei -k y 1.5
] 0:9 (D1) | S. Typhi - 010, d -
i S. Javiana IR ,Z24 1,5
. S. Gallin saiaad 192N N - -
- 0:3,10 (E1) | S. Anatum M523 (15), U S8 8) e.h 1,6
‘ ) S. Weltevreden Foliel 10,(1 r Ze
i S. Lexington J s 1 ,(15.34) Z10 1.5
~ | S.Ratchaburi — 10 735 1.6
O:11 (F) | S. Aberdeen _gdadri =208 N i 1,2
0:13(G) |8 Poon?ﬂ_h z, 1,6

Pathogenesis and clmlcg,l findings of Salm@ella species

AULINBNINYINT

Many pensons may contract sa]monel]osxs many times in hlS or her life and not

S

most persons recover without treatment. However, in some persons the diarrhea may be

so severe that the patient needs to be hospitalized. In these patients, the Salmonella

infection may spread from the intestines to the blood stream, and then to other body sites

and can cause death unless the person is treated promptly with antibiotics. The elderly,

infants, and those with impaired immune systems are more likely to have a severe
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illness(7). Many people ill with salmonellosis recover without treatment and many never
see a doctoctor. However, salmonella infections can be life-threatening especially for the
very young, the elderly, and for persons with impaired immune systems (8). Persons with
diarrhea usually recover completely, although it may be several months before their
bondel habits are entirely normal. A small number of persons who are infected with
salmonella will develop pains in their joints, irritation of the eyes, and painful urination.

This is called Reiter’s syndrome. It car for months or years and can load to chronic

arthritis that is difficult to treat. Most ¢ monellosis are not treated with
antibiotics but fluids are 1€l «dehydration because the diarrhea that
T—
flushes bacteria out of t : i iquid. Pain relievers and fever
reducers may make the peé $ fo table( In fact, antibiotics may prolong
the period during whi perso ._ fect -"Also, antibiotics actually may bring
on salmonellosis symp Riir teri lance in the intestines.
Antibiotics someti ib -_: infants. ically ill and the eiderly to
prevent salmonella-tri cal ,  ba ia. Antibiotics also are needed
when the bacteria causeme '\s‘ﬁ Ar fecti he blood stream. People are far more

likely to contract salmonellesis @ han in taurant, so be sure to handle food

stomach to the intest‘ih}. of thamtestme and through some

special proteins that it rg-akes In response tUe particular conditions in the intestine it

ot o PRI G BT G

our insides, it Mtaken to the liver or spleen For most other bacteria, thlSJourney would

kill t ﬁﬁ‘ﬁ mum mmune system
from dQing its job'effi he Salnionella can grow aoam and be released

back into the intestine. Of course, not all of the Salmonella pass through the intestinal

n-

wall, and many of them are expelled from the intestine in the diarrhea. In regions with
poor sanitation, these bacteria can than survive in the soil or in rivers and infect the next
person. The infection is primarily caused by improper handling and digestion of

uncooked food and a large number of different food animal sources have been identified
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as reservoir of the bacteria and direct person to person contact have also been

implicated(12), (13).

1. Entry
3, Disease '
Gastroenteritis 2. Spread
Diarrhea {infrequent, typhoid favery

4, Exit
{galicladder-carrier s1aie)

Figure 2 L of Salmonella enterica

Among the ost I o o Salmonellae in fection are

. oian : 1] s , " .
gastric acidity, normal intesting obial flora, and local intestinal immunity.
Salmonellae produce 3 maipstypes of diseasegin human, but mixed forms are frequent.

v Aol ik YRBAH G 1k s produce maiy oy

Salmonella typh‘lSalmonella paratyehi A, and Salf&onella schottmaljgri. The ingested

salmorﬂ : 381 ﬂ Qﬂ : SW wﬁq ﬂgmﬂ{ﬂ)ﬁf&]cs and then the
bloodstrq)ar;ﬁ'hey are carried?y ood to many organs, including th~ intetine. The
organisms multiply in intastinal lymphoid tissue and are excreted in stools. After an
incubation period of 10-14 days, fever, malaise, headache, constipation, bradycardia, and
myalgia occur. The fever rises to a high plateau, and the spleen and liver become
enlarged. Rose spots are seen briefly in rare cases. The white blood cell count is normal

or low. In the preantibiotic era, the chief complications of enteric fever were intestinal



hemorrhage and perforation, and the mortality rate was 10-15%. Treatment with
chloramphenicol or ampicillin has reduced the mortality rate to less than 1%. Occasional
Salmonella typhi strains resistant to these drugs have responded to trimethoprim-
sulfamethoxazole. The principal lesions are hyperplasia and necrosis of lymphoid tissue,
hepatitis, focal necrosis of the liver, and inflammation of the gallbladder, periosteum,
lungs, and other organs.

2. Bacteremia With focal This is associated commonly with Salmonella

choleraesuis but may be caused ' a serotype. Following oral infection,

there is early invasion of ; ble focal lesions in lungs, bones,

stools. Low grade ft i n, ut th de usually resolves in 2-3 days.
Inflammatory lesions of't |1 and-large. intesti present. Bacteremia is rare(2-

4%) except in immunodefici : mg 3190d s are usually negative, but stool

While enteric fe\‘egand bacteremiaa)vith focal lesions require antimicrobial

s, GG G

symptoms and §kcretion of the salmonellae may be prolonged by antlmxcrobxal therapy

TR
therapi icillin, or trimethoprim-sulfamefhoxazole. Multiple

drug resistance transmitted genetically by plasmids among enteric bacteria is a problem in
Salmonellae infections. As many as 25% of salmonellae are resistant to ampicillin and
5% are resistant to chloramphenicol; resistance to trimethoprim-sulfamethoxazole is also
increasing. In most carriers, the organisms persist in the gallbladder(particularly if

gallstones are present) and in the biliary tract. Some chronic carriers have been cured by



ampicillin alone, but in most cases cholecysectomy must be combined with drug

treatment(14).

Epidemiology of Salmonella species

Salmonellosis is a major cause of illness in Thailand and other parts of the world,

an estimated 40,000 cases of sal is in the United States each year, in Illinois
about 1,500 to 2,500 cases .0

Thailand about 45,192-

illness are reported each year, and in
9 The feces of persons who have

T——
unsuspected subclinica S important source of contamination
than frank clinical ¢ frobthy olated, “egy when carriers working as food
handlers are “sheddin ay animals, ineluding cattle, rodents, and fowl, are
naturally infected wi ¢ty -of “salmonellac and have the bacteria in their
c oid fever has decreased, but the

ased markedly in the USA. The

tissues(meat), excre
incidence of other
problem is aggravated b al feeds containing antimicrobial
- that favor the proliferatio mellae and their potential transmission
to humans(14).

A. CarriersiiA tidén, some individuals continue to
harbor salmonella heir | _ime (convalescent carriers or
healthy permanent c%iers). ree pe 0 survivo@ of typhoid become permanent
carriers, harboring the opganisms in the gallbladder, biliary tract, or rarely, the intestine or

e 0 18] ANV WENS

B. Sotkces of infection: T‘be sources of mfectlon are food and drink that have

T AIRIRNT AR R MBI
ater — Contamination with feces often results in exploswe epldeICS

2. Milk and other dairy products(ice cream, cheese, custard) — Contamination
with feces is due to inadequate pasteurization or improper handling. Limited outbreaks
are traceable to the source of supply.

3. Shellfish — From contaminated water.



4. Dried or frozen eggs — From infected fowl or contaminated during
processing.

5. Meats and meat products — From infected animals (poultry) or
contaminated with feces by rodents or humans.

6. “Recreation” drugs.

7. Animal dyes — Dyes (eg, carmine) used in drugs, foods, and cosmetics.

8. Household pets — T cats gt

Prevention and Control ellosis _.—‘

Sanitary meas

\tO Q\ - : mation of food and water by
J \\\

rodents or other anima d poultry, meats, and eggs must
7 rk as food handlers and should
observe strict hygienic pr £ TWo'ihj , tone-killed bacterial suspensions
ater, give partial resistance to
small infectious inocula id b M 74 not L's\ arge ones. Oral administration of a
live avirulent mutant strain 6f Styphi has ¢ ignificant protection on areas of high
endemicity. Vaccines against othierisalmone iveless protection and are not

recommended(14). _ ,

Salmonella Schwarzﬂrund

sonoF R ST TSR T s

sporadically frofl infections in humaéxs and from dlfferent animal sQurces. S.
Schwﬁ ﬂl (fu Wl%ﬁ q ﬂg&]mo that poultry
could begthe most common reservoir

Chiu et.al. (1999) studied predictors for extraintestinal infection(EII) of non-
typhoidal Salmonellosis in patients without AIDS. A study of 398 patients with cultured
positive for non-typhoidal Salmonella seen at Chang Gung Memorial Hospital and Chang
Gung Children's Hospital between November 1993 and October 1994 showed that

Salmonella schwarzengrund was the commonest causes of EII amon g those serotypes



usually causing gastroenteritis. Pre-existing underlying disease, particularly
immunosuppressive disease, was the most important risk factor that may have
predisposed adult patients to have EII. Old age (> or = 60 years) and isolation of invasive
serotypes were also frequently associated with EII in adult patients. The characteristics of
paediatric patients with a high probability of having EIl were: < 3 years of age, abnormal
blood test results (a leucocyte count > or = 15,000/mm3 or < 5000/mm3, immature

Wd a C-reactive protein concentration > or =

is information can be an aid to early

leucocytes > or = 10% of total leucoc

50 mg/l); and isolation of inv
diagnosis and treatment o 1 Salmonella (16). The report of

. .. '— '—
reactive arthritis dued to

a patient with asymtomatioc
en hospitalized in the |
in 1985 had been reported by

Gloding and Robertson( 7). itbre \ f foodborne salmonellosis, in

the United States of Am I sulted from -contaminated food items served
at a picnic and a smor ’7 eported by Levy et.al. (1975). One hundred and
twenty-five of 173 people w ; a pl orgasbord prepared by a bar-
restaurant developed diarrh€a, Abdomir other symptoms 23 hours (median

time) later. Eleven were hos 1 cu itures from 18 ill individuals grew

from 5 of 8 restauranemployees wi Anfantis or Salmonella Agona.

attack rates, based on intérziews with 121 edtets, im licatjfiotato salad and chicken
xiélm

dressing as Veﬂlu&@im&l)%]l@lﬂ jen prepared in pans that

shortly before cyﬁtained uncooked, ghicken piecewspected to haygharbored
QTR $F 1T A IV QR es were oune
to contalh Salmonella Typhimurium ard Salmonella Cubana, raising the possibility that
other feed samples may have contained the serotypes responsible for the outbreak. The
main control measure was temporarily closing the food service, which was to have
catered a large church picnic the next day. The outbreak had an economic impact
estimated at $28,733 (18). Another report of Salmonellosis outbreak in human caused

from food of animal origin was reported by Lipson and Meikle (1977). A powdered
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preparation of porcine pancreatin contaminated with Salmonella Schwarzen grund and
Salmonella Eimsbuettel resulted in the infection of at least 31 % of one group of
paediatric patients with cystic fibrosis. The pancreatin contained very small numbers of
Salmonellae, the infecting dose in at least one child being less than 44 organisms. More
stringent bacteriological standards are needed for pharmaceuticals and foods used by

paediatric patients (19).

An epidemiological surve \ 4 '
swine in 1999 in the USA by Har e) i y conducted a survey of antibiotic

5014 rk@e at five different farms. Samples
were taken from the ly :
Salmonella isolates r: red’

resistance of Salmonella in market-age

Laboratory for serotypi mined by disk diffusion using

sistance was observed to

antibiotics and 26 (8.1 %) resist f ==
resistance pattern consisted of -‘E@? oV

ibiotics. The most common three drugs

lin€, penicillin G and streptomycin (37.3 %).
A significant diffe e c was obsery fween seroty ypes-and between somatic serogroups
in their antibiotic residtanc . S ‘ crved between farms and
between seasons in which sampling occurred. As a step l nderstanding the connection

between antibiotic use infaggiculture and meticine and emergence of antibiotic resistant
ﬁi must be continued. In

sctra,prosfinstibfrlondobtbsi o Bk b

animal productmn, where sub-therapgutic adminismtion of antibiotics is extremely
@ WANIPF oA TFR 1A

@lsen et.al. (2001) had reported the first recognized outbreak of fluoroquinolone-
resistant Salmonella infection in the USA., which occurred in two nursing homes and one
hospital in Oregon. By interviewed medical staff and reviewed patients’ charts and death
certificates. In Nursing Home A conducted a case-control study. Patients were defined as
residents of the nursing home from whom fluoroquinolone-resistant Salmonella enterica

serotype Schwarzengrund was isolated between F ebruary 1996 and December 1998.



Controls were residents with similar medical conditions whose cultures did not yield
Salmonella. This study compared isolates using pulsed-field gel electrophoresis and
sequence analysis and reviewed pharmacy records to compare the use of fluoroquinolone
among several nursing homes. Eleven patients with fluoroquinolone-resistant
salmonellosis were identified at two nursing homes. The index patient had been
hospitalized in the Philippines and had probably acquired the infection there.

Transmission was probably direct (from atient to patient) or through contact with

contaminated surfaces. Treatment gtinolones during the six months before a

culture was obtained was asseociated with a risk of Salmonella infection (4 of 5
. T —

patients had taken fluorogui 7 i of 13 controls; odds ratio, 22.0;

95 percent confidence i ). The were not significantly more

likely than the controls : e fluoroquinolones were used

at Nursing Home A tha on. The isolates from the
outbreak had similar horesis and the same gyrA
mutations. The isolate : r to the only previous isolate of
fluoroquinolone-resistantiSa/ onélﬁ'n_:! : s, which came from a patient in
New York who had been tr. cd 1 1 the Philippines. From this
acknowledge describe a prolog_g_ﬁ@' 2OMmi; itbreak of infection with
ﬂuoroquinolone-reqiﬁbnt Salmonella rzengrund. More such

of antimicrobial agents (21).
The prevalence oftSalmonella Enteritidis and other Salmonella Spp. among

s BRI TIN ] o i

Poppe et.al. A fétion-wide survey was conducted t'& estimate the pr&v’alence of
Salmone]| iti Qﬂ}ﬁfmoﬂﬂzmg’}wﬂ ﬂﬁﬂl broiler flocks.
The eﬁﬂﬂaﬁtter and/or water) samples from randomly selected flocks were
found contaminated with Salmonella 76.9%. which the most prevalent serovars were
Salmonella Hadar (33.3%), Salmonella Infantis (8.8%), and Salmonella
Schwarzengrund(7.1%). While the faecal and eggbelt samples from randomly selected
flocks were found contaminated with Salmonella 52.9%. Thirty-five different Salmonella

serovars were which the most prevalent serovars were Salmonella Heidelberg (20 %),
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Salmonella Infantis (6.1 %), Salmonella Hadar (5.8 %), and Salmonella Schwarzengrund
(5.1 %)(5). Another study of Salmonella contamination in environment had been
performed in Germany by Wicke et.al. (1986). Salmonella investigations were carried out
in a total of 54 water samples taken from the sewage system of the town Kiel. There were
able to isolte 6,181 strains of Salmonella from the sewage samples which the most

predominant serovars were Salmonella Typhimurium, Salmonella Panama, Salmonella

Schwarzengrund and Salmonella Had ' .
Salmonella Schwar: cngrun WY, ﬂnvasive Salmonella infection
reported in the USA during =1¢ i mand fourty patients with

'1%) were hospitalized and 29

Salmonella Schwarze
(5%) died; 13 (45%)©

years. Invasive Sal

aged equal to or greater than 60
calth problem in the United States

and contribute to hospitélizati
The method to study epi
Typing of bacteria sol » identify the potential sources of )
different bacteria st_ams, to_evalt an carries and to differentiate
epidemic from enderntdic [ains. Reducing the numberof-h: -_3‘ ria infections by detectmg

and eradicating the Source apting their path of transmission

to the patients is an important goal and requires the ability

to distinguish individual stain
(24). Improve }’; { propriate infection
control measua illgﬂ ﬁlﬁ ﬂ[ﬂ Mpiﬁﬁ ctions, particularly in
evaluating the é?ﬁcacy of therapy for'infected or celonized patientsaThe ideal typmg
R R G G VA L ki e o,
Bach typing system should have 4 criteria : type ability, reproducibility,

discriminatory power, ease of use.

1) Typeability refers to the ability of the test to provide an unambiguous result

for each isolate examined; nontypable isolates are those that produce a null or

ambiguous result.
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2) Reproducibility refers to the ability of a technique to produce the same result
" when a strain is tested repeatedly.
3) Discriminatory between defines the ability if the test to discriminate between
- unrelated isolates. This discrimination is important because some typing
systems tend to group organisms into a few broad groups, while others divide
collections of isolates into many small clusters, often subdividing groups of

isolates that are tightly linked by epidemiological data.

key issues for many techniques. the
cern differences between strains, the

epted by clinical microbiologists

phenotyping variatio 1t saeiation at specific gene
loci, they have not prtﬂded the requenc@ of alleles(28). Isolates of the
same genotyoes can exh'ﬂbi&gither positive of negative phenotype. Details of each main

typing methoﬁx%&* @awg&]amwgeqtﬂe‘s}ibed briefly in the

Q08NN Ineae

In epidemiological investigations, antibiogram typing is a simplest and
traditional typing method used to distinguish between individual strains. It is readily
available, easy to perform, and relatively inexpensive. However, one drawback of the

method is that markers of antibiotics resistance are often carried by labile or movable
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genetic elements (e.g., plasmids or transposons) whose selection of expression may
depend on environment condition. They may be gained or lost over time(29).
Antibiogram typing worked reasonably well, but only when zone diameters and not the
categorical interpretations of susceptible, intermediate, or resistant were used s strain
markers(26). Thus, antibiogram typing is considered to have poor discriminatory power

and is used by microbiologists only in the first instance for rapid screening of the

similarities between different clinical is S B

Blanc et al. in 199 E @good results of antibiogram typing
in their study were proba ¥ 7 fo ason : 1) the usual qualitative

y were probabiydueto ason - 1) q

M

easurement of inhibition zone

around antibiotic disks,i ibiotics used ( f-e.eruthromycin, clindamycin, co —
trimoxazole, gentamyci iprofloxacin)had b cted because they were mostly
' : ong the bacteria strains isolates
in our hospital ; and ates of a well-defined
epidemiological setti clated strains show great similarity
infrequent and may be offset by the
cly. inatory power of this tech;aique. The
mthod could easily be adapteg_%% log cal setting of the other gospitals bu

changing or adding afitibiotics to increase th potential for discrimination and

vall i nddaboratory setting.
Although gtibiogra [ speciallym routine laboratories, as a first

— line screening method go determine strain gelatedness. It mat allow quick and early

recognition 0@%ﬁly’}%ﬁ%§sﬁﬂa}ﬂﬁr hospital setting.(30)
AWTRITIRI NI INYAY

This method has been used widely for typing Staphylococcus aureus for many
years. However, its limitation are clearly recognized, a substantial number of S.aureus
isolates can not be typed by phages (29, 30). This technique also requires maintenance of

a large number of phage stocks and propagating strains, laborious, and it characterized

isolates on the basis of a phenotypic marker that has poor reproducibility. Whatever
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bacteriophage typing is not a cost-effective method of typing S. aureus for most clinical
laboratories, particularly since other available methods can be used to type a broader

range of other microorganisms(26).

1.3 Capsular typing

‘ . oressed by bacteria can be
analyzed using the procgflurg/asell omsodium dodesy | sulfatepolacrylamide gel
electrophosis (SDS- . Thefmatekia ‘ \ { be detected directly by staining
or indirectly be prepar: , the protein can be also labeled
by radioisotope and detegte torac __ aphy. All strains can be typeable by these
approaches, which typically'idetify variati 10ng independent isolates and provide
good discriminatory potential. Howe ¢ complexity of the patterns resolved,

comparison among nij E___g_é, icance of small differences

4

s, the methods detecting

in the method for exizéc

ping immu !,H lots.

'3 Mﬂ%ﬁ%%%}%ﬁw g3
ﬂ‘?em WM WE}% che powerful

tool for Ropu atlon genetic studies of various bacferla including S.aureus.(31) Isolates are

proteins or the choicegantibo or dev

characterized by the relative electrophoretic mobilities of a large number of water-soluble
cellular enzymes. The enzyme binding patterns generated by starch gel electrophoresis
during MLEE were easy to interpret, but the overall analysis required application of
sophisticated algorithms and computer software not readily available in most laboratories.

This makes this technique inaccessible to most clinical laboratories(27).
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2. Genotyping (DNA-based study)

DNA — based typing of bacterial strains is based on the principle that
epidemiologically related bacterial isolates have genetic feature that distin guishes them
from other epidemiologically unrelated strains. Because bacteria strains probably

originate from a single clone or at | train types, the techniques used to type

le typing procedures should combine

i ﬁml Its and practicality(32).
) e results and practicality(32)

rdifferent strains within a species,

bacteria must be particurlarly, i
typeability, discriminato

Molecular t

generating data useful epiden \.i alipurposes. A frequently observed
fault of typing systems. | ; : t typing systems do not provide
a definitive strain identigieln e : Q.\ ¢ variability of the technique
and the lack of large data ent p erns from a wide variety of
organisms to which u ( t\

ethod to be applied to S.aureus

and it has been used,i.a number of outbreak ins Pidhis technique have been

reported to be superior fo phage typing of bacteria. This hnique offers only moderate
reproducibility and gas IMtions that someystrains, which unrelated to the outbreak may

L gl e Ren—

bacterial epidetfiiology depends upo%the degree t(')n\.vhich four requwments ate satisfied
“ WA INYRINYNA Y
g i acterial strains under study must contain plasmids
ii) Plasmids must be sufficiently diverse so that independent isolates, not
recently derived from a common progenitor, are likely to carry distinctly
different plasmid DNA.
iii) Differences between plasmids must be distinguishable by the fragments

that appear after restriction endonuclease digestion.



iv) Method for plasmid profiling must be rapid, reproducible, inexpensive,
and accessible to clinical laboratories.
v) This technique also has sever drawback as following:
1) Not all pathogenic strains gave plasmids,
2) Plasmids are exchange and lost readily

3) Plasmids are subject to rearrangements

_ id isolation protocols may limit the size of
i yereby preclude the isolation of largeR-

—

In the convention s chromosomal DN A is

ghn&h * ecgmtlon site, and gains a large

alyze the digested profiles by

digested with restriction ¢
numbers of relative s rg8tri n fra *’r- Nts \-= a
constant field agarose gelé€le opm s/ Whic es the restriction fragment by

size. The different profiles of the-bacterial i m the same species can occur

because of the nucleotide sequence;varia .a"" alters the distribution of the restriction
et R

i ey

sites along the chro ome i of fragments that are close

together on an agaras ‘geland ﬁ‘
2.3 Southern blot analysis of chromosomal DNA

AULANENINYINT

ThéDNA restriction fra%;nents separated by electrophoie';sis can be

transf Tﬁ(ﬂ ﬂ ?‘Vm ﬁﬁfln ﬁ HA binds tightly.
This ﬂl ahe bridize cific prooe to 1dentify the restriction

fragments carrying sequences complementary to the specific probe. The variation in the
number and size of such fragments are referred to as restricted fragment length
polymorphisms (RFLPs) and reflected variations in the nucleotide sequences within or
flanking the loci of interest. All strains carrying these sequences of interest can be typed

by this technique(35).
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Ribotyping is based on Southern Blot analysis of the RFLPs associated with
the ribosomal RNA operons, which carry by all bacteria. Therefore all strains are
typeable. The random DNA mutations after the distribution of restriction sites within and
adjacent to the loci being probed. Such changes are relatively infrequent within the
bacterial IDNA operons the most appropriate criterion for interpreting robotype banding

banding patterns remains unresolved(26).

7 aboratories. This technique is
highly sensitive to detegis® ak-related strains, howeyer, it failed to exclude the
nonrelated isolates from glugte e PCR assay appears to be more reliable than

routine susceptibility tesiing $ Accuraté as be hybridization. The PCR assay

is simpler, more rapid tes e -., b \ PBP gene than Southern Blote
hybridization. PCR ass ' * utbreaks where rapid control of
bacteria is required and in'co) ligh i m - ence of clonal bacteria strain are

enotigh. Even PCR - based typing

methods are clearly faster and eas gbut this technique has less discriminatory
g 1

G

power than Pulsedfiéld

2.5 Pulsed — @d Gel T

A TR s s

bacteria. The mi¢thod is attractive because of'its potent1al to type all oroamsms However

NS R s
cut at frequent site 10n"of alternative approach. One of these has been to

prepare chromosomal DNA in agarose blocks, which minimize, shearing, and then to

digest it with rare cutters. The large fragments are pulsed electrically into agarose (36).
The development of PFGE enabled large fragments of DNA (>9000 kb) to be

separated. Varistions of this technique include contour-clamp homogenous electric field

and field inversion gel electrophoresis. PFGE is multidirectional, continually changing



the location of the positive charge. The DNA molecules respond by continuously
reorienting hire directions of migration through the agarose gel. In addition, electrical
pulses of different favor the reorientation of different sized DNA molecules.

PFGE demonstrated the best discrimination, although this method is the most
time consuming when compares to the other typing method, taking excess of 48 h to
obtain result. Several publication have already confirmed the value of PEGE in S.aureus
~ typing, reproducibility and discrimiﬁ: : tween unrelated clones(24, 26, 28).
PFGE has been proposed '

mg technique for epidemiological
1s technique appear stable and

reproducible. Chromosomakstability ma ique suitable for the ling — term

Since their di ':““,! obial agents (antibiotics and
related medicinal dru@ have sub
diseases. The use of thesg “ayonder drugs”, gembined with improvements in sanitation,

Ll i aTo s Y S———

to a dramatic di®p in deaths from dleases that were prevnously wnd&‘pread untreatable

et Tl ﬁJ‘WT*W TFYEY e cosea e

sufferin llions of people. By helping to bring many serious infectious diseases

cduced the taat posed by infectious

under control, these drugs have also contributed to the major gains in life expectancy
experienced during the latter part of the previous century. These gains are now seriously
Jeopardized by another recent development: the emergence and spread of microbes that
are resistant to cheap and effective first-choice, or “first-line” drugs. The bacterial

infections which contribute most to human disease are also those in which emerging
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antimicrobial resistance is most evident: diarrhoeal diseases, respiratory tract infections,
meningitis, sexually transmitted infections, and hospital-acquired infections(37). The
development of resistance to drugs commonly used o treat malaria is of particular
concern, as is the emerging resistance to anti-HIV drugs. The consequences are severe.
Infections caused by resistant microbes fail to respond to treatment, resulting in
prolonged illness and greater risk of death(38). Treatment failures also lead to longer

periods of infectivity, which increase mbers of infected people moving in the

i ¢ geners: ” n to the risk of contracting a resistant
strain of infection. When-infe ] '@o first-line antimicrobials treatment

has to be switched to secoud=orthird-line dr ich are nearly always much more

expensive and sometimg 10, ell. For examiple, the drugs needed to treat
multidrug-resistant form greufos s more expensive than the first-
line drugs used to treat nén-iesistant for s < tries, the high cost of such

me diseases can no longer be
treated in areas where #€sistange to ; ! r e drugs i spread. Most alarming of all are
diseases where resistancg evelog g for currently available drugs, thus '

raising the spectre of a pos ibiotic cra. Evenif the pharmaceutical industry were to :
SULS 2 2

collective term for baes ,na, ngi, pa 88) caise infectious diseases, and
antimicrobial agents,gch as peni cin, a@ more than 150 others, gave
been developed to combat g‘e spread and se@rity of many of these diseases. Resistance

to antimicrobﬂ u ﬂuﬁg %Eﬂaﬁ%%ﬂh’q ﬂ %amp]iﬂed or accelerated

by a variety of fdctors, including human practlces The use of an antlmxcroblal for any

mfecﬂ ﬁ:‘tj ﬁﬁ‘ﬂim mﬂ d"l‘;ya Elcrobes to either
adapt nowh as “selective pressure”(3 he microbes which

adapt and survive carry genes for resistance, which can be passes on. Bacteria are
particularly efficient at efficient at enhancing the effects of resistance, not only because of
their ability to multiply very rapidly but also because they can transfer their resistance
genes, which are passed on when the bacteria replicate. In the medical setting, such

resistant microbes will not be killed by an antimicrobial agent during a standard course of
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treatment. Resistant bacteria through “conjugation”, whereby plasmids carrying the genes
Jump from one organism to another. Resistant to a single drug can thus spread rapidly
through a bacteria population. When antimicrobials are used incorrectly — for too short a
time, at too low a dose, at inadequate potency, or for the wring disease — the likelihood
that bacteria and other microbes will adapt and replicate rather than be killed is greatly

enhanced. Since early 1950, farmers have administered low doses of penicillin and

antimicrobials may pl ant a rol€as overuse. For these reasons, improving use
is a priority if the emerg re drofire is e to be controlled. In the past,

atural phenomenon through the

a process that flourished from 1930-

e of misplaced confidence

ST
1970 and has since slowed to a vx;t;al ;
&h dustrialized world. In just the
past few decades, the gvelop e
several concurrent trendss Rese have worked to increase the number of infections and

thus expand bﬂ ungi’fa' wﬁr%@1WEpﬁﬂ@s for their misuse (40,

41). AntimicroBjal resistance is an e\éer-increasing problem in hospj‘t.z}ls, especially in
=

intensi mlﬁfﬁ n oﬁ;ﬂﬁtﬁﬁrmaeﬁe that we are
enterir:gh "post-antibiotic era" Where widespread bacterial resistance will render most

antibiotics ineffective.No-one is sure, but the principle cause appears to be inappropriate

crobes-ﬁs been greatly accelerated by

and profligate use of antibiotics, especially in the hospital environment. Several studies
have shown widespread misuse of antibiotics. Another major problem is spread of

infecting organisms from patient to patient. This is usually done by the nurses, doctors
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and others caring for the patient. The major method of spread is on contaminated

hands(25).

Antibiotics are chemicals that inactivate or damage bacteria. Most are naturally
produced by bacteria and fungi, others are man-made but have the same effect. The term
antibiotic is popularly used to describe this whole range of chemicals. Strictly, it should
only apply to the naturally derived chemical substances: we will use this popular

terminology here. Antibiotics are to animals to kill bacteria that are causing

infections (therapeutic and Bacteria acquire genes for resistance

in three ways(39).

1. In spontaneo acterial DNA. may change spontaneously, as

indicated by the starburs stantituberculosis arises this way.

ation, one bacterium may take up

N

2. Ina form o ,
DNA from another. Penigillinfresistant sonofeh : ts from transformation.
3. Most frighteni \kﬂ% S res tan € acquired from a small circle of DNA

called a plasmid. Plasmids A Bérvestiobacteria

cc. In 1968, 12,500 Guatemalans died in an

of various types -- they generally

must be touching -- and carry nititiple resist:
L7557

epidemic of Shigella, diar by a'imr harbering a plasmid that conferred

resistances to four jaf cs—But-bacterta- N much more clever than just
mutating. That's chaney, arc Biochemical secrets -- resistance

genes -- that enable thém to resist or destroy antibiotics.

e GBI P S ARG

1. Soméjbacteria share plasmids -- small chunks of DNA, like mini-chromosomes

¢ o/
-- thateexij i Qﬂimgﬂﬁmlﬁ!ﬁ’ ;Ejoad divisions in
bacte:i‘piaogi . It's almo If a* | uld Iend'a’c a glrie and teach it to grow

teeth.

2. Gene cassettes are genes that can be spliced in the chromosomes. While the
mechanism is kind of complex, it can be compared to an expedition to a shopping mall,
Davies says. Genes called integrons code for enzymes called integrases that can splice

those cassettes into chromosomes or other genetic material where they become functional.
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In order to survive, bacteria develop sophisticated defence mechanisms to overcome the
damaging effects of antibiotics (1-4) on their metabolism. Some bacteria have an innate
natural resistance against particular antibiotics. Other bacteria acquire resistance after
exposure to an antibiotic. In any event, resistance is one of the key concerns regarding the
use of antibiotics. Acquired resistance may result from a mutation (genetic changes) in

the bacterial chromosome, which will be passed on to the next generation(39), (42). More

ither directly or by a bacterial virus from
# . Genetic material can be transferred
% ﬂ&nosomal fragments (transposons)

les of the bacteria to cope with the

commonly, genetic material is transfe
another bacterium or even an

as extra-chromosomal D

e target site to prevent binding
of the antibiotic to the si *tion Je. enicillin'b ing protein or gyrase, which is
the major resistance mechénis the ] . (b) Bacteria are able to produce
enzymes, such as peniCillinasgs an 1 18 ch inactivate beta-lactam
antibiotics. Resistance a ' cred by enzymes, which modify
the antibiotic by acetylatign, phosphet }@ ‘:. 1 or adenylylation. Macrolide and

1B iple of target modification. Changes in
the outer membrane permeablht,y '. ) préventantibiotics from entering the cell. This

.-ll'
mechanism normallp:ﬁffects vanous an ame time. (¢) Bacteria can

be capable to eliming i antibiotic: 1 yeefiflux pumps. Finally,
sulfonamide and trimethoprim re e 1evecﬂy bypassing the critical steps
in the folic acid pathway'-Bacteria are even rﬁpable to develop various resistance

i AR Y e s

bacteria will sufiyive exposure to the antlblotxc Usually bacteria concurrently acquire at

CN I AP T PRI 1N
modesaa ion aa esSista ly an EJ es€ bacteria may be

present only transiently or persist for long periods, sometimes causing major health
problems. With the increasing prevalence of antimicrobial resistance among pathogens
worldwide, resistance trends for all antibiotics have to be carefully and continuously
monitored in order to safeguard the continued use of antibiotics(42).

The methods to be demonstrated antimicrobial susceptibility test (44).
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(1) Agar diffusion with disk (Oxoid)

(2) Agar diffusion with E-test

(3) MIC-determination using commercially prepared microtitre trays with
dehydrated antibiotics in wells (the Sensititre-system from Trek
Diagnostic Systems) and using agar plates with 2-fold dilutions.

The MIC (Minimal Inhibitory Concentration) of a bacterium to a certain

antimicrobial agent can be determinedan ys the today best quantitative estimate for

susceptibility. MIC is defined.as the low &:ion of antimicrobial agent required
to inhibit growth of the baete mmple: Agar plates, tubes or microtitre
———
trays with two-fold dilu ed with the bacteria and incubated
Next day the MIC is re of antimicrobial agent with no
visible growth. The M f resistance and might give you
important information o the resistance genes involved.
MIC-determination perfo d as the golden standard for
susceptibility testing. ily qualitative methods that
normally should only be terium is resistant or not. Principle:

After an agar plate is inocu with the bacteridy a tablet, disk or paperstrip with

ng incubation the antimicrobial agent

n0S T is a diffusion test, but has
been developed to givgn approxi -value. W@ standardised methods are
essential for all kinds of susceptibility testing, since the methods are highly sensitive to

variations in sﬁruaﬂrs’és Vri]ea‘n?l} %ewiﬁl:mﬂ%ents and acidity of the

growth medium@time and temperaturg ofincubatio&The agar diffu&ii‘gn methods are also
stronglg™in ﬁyﬁﬂﬁ mhmlmlqﬁxﬂegﬁ ﬂrﬁobial agent and
growt}ﬁjgﬁ specific bacteria. The MIC-determination and disk diffusion methods
described in this protocol are in accordance with the international recommendations given
by the National Committee for Clinical Laboratory Standards (NCCLS) (45). The
NCCLS describes how to perform the testing and set international guidelines for
interpretation of the results. Quality control is regularly performed by running specific

control strains as recommended by NCCLS (45). Some organisms are intrinsically



resistant to many (or even all) antimicrobial agents. Some microbiologists call this
"primary resistance". Other organisms acquire resistance, either by mutating or by
sharing the resistance genes of resistant organisms. This should not be confused with the
term "clinical resistance" which refers to the failure of an antimicrobial to eradicate
infection, despite the apparent ability of the agent to kill the 'bug' in vitro. A wide variety

of problems can account for clinical resistance, such as impaired host immunity,
inadequate drug delivery, and forei

,Wl in the site of a wound(42).
Pulsed-field gel electro@
Pulse field ge( )i » r new technique that extends the

ecules can be separated with

very high resolution. i€ prinetple sé field gel electrophoresis is the

application of two elec ent angles for defined time

periods. Separation is ac A molecules to continuously

change direction as they pr ] gel marix. The advantages of this technique

are an increase in the efficiency o of the vital integrity of DNA molecules.
LTI A . :

The whole cells could be embedded in hich provide a natural and

digestion of all chro

r:g : ( onents. The inserts can be
| .
directly loaded into thie'well of the agarose gel to be run.Pulse field gel electrophoresis

was specially desi ‘»ﬁn - {ﬁ " uently, the great
innovation ofﬁ(ﬁgrys mvﬁlﬁi i ﬁ:lﬁ:i]nosis was its range of
detection and i%l ability to scan for genetic rearragements at large distances from a given
locus Qow @a(ﬁaageﬁimey, We’n]:QeMi&ld’je@iaarkers become
availablg, PFGE analysis is used to determine the physical map of the region involved.
Simultaneous analysis of patient material will quickly reveal if large chromosomal
aberrations play a role in the development of the disease. Pulsed field gel electrophoresis
(PFGE) has been used frequently for Salmonella genotyping and is the standard method
used at the United States Centers for Disease Control and Prevention (21, 46-48). Several

authors have specifically recommended using PFGE for Salmonella genotyping.
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Determining which Salmonella isolates are derived from a common source is important in
the identification of pathways of transmission between reservoirs. Isolates of Sal/monella
that are genetically similar share a recent common ancestor (i.e., common source), and
the reservoirs from which they were sampled can be reasonably inferred to be either a
source or destination for transmission. Therefore, the genetic similarity between isolates

needs to be estimated accurately. Several methods are available for typing Salmionella

operate effectively

1. PFGE
Agarose gel electrophore: afundamental technique in molecular biology
but is generally unable to resolve fragr - ) kilobases in size — this makes

it unsuitable for analysi
usually greater than 1@ kilobase
adaptation of conventional agarose gel electgophoresis that allows extremely large DNA

fragments to ﬂe%ﬁl(@t%e&}v%s@ 1H1aﬂ(‘}§ is an essential technique

for accurately défermining the sizes gf whole genomes/chromosomes prior to sequencing

and isﬂc qﬂ@ﬂi\mysmﬁmﬂﬁﬁﬂ\ cloning and

analysisq; subsequent clones. used and extremely powerful

eld gel electrophoresis) is a

tool for genotyping and epidemiology studies for pathogenic microorganisms (49).

1.1 Principle of PFGE
Two factors influence DNA migration rates through conventional gels

1. Charge differences between DNA fragments
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2. Molecular sieve effect of DNA pores
DNA fragments normally travel through agarose pores as spherical coils,
fragments greater than 20 kb in size form extended coils and therefore are not subjected
to the molecular sieve effect. The charge effect is countered by the proportionally
increased friction applied to the molecules and therefore fragments greater than 20 kb do
not resolve

- PFGE works by periodically alteging the electric field orientation. The large

ﬂ‘lJﬂ’J“fIﬂ'ﬂiWﬂ']ﬂ‘i

@most important factépr in PFGE resolutlon is sw1tchmg time, longer

M NENIELVE Rt e
resolve itching times are opti for the expected size o A being run on

the PFGE gel. Switch time ramping increases the region of the gel in which DNA
separation is linear with respect to size. A number of different apparatus have been
developed in order to generate this switching in electric fields however most commonly
used in modern laboratories are FIGE (Field Inversion Gel Electrophoresis) and CHEF

(Contour-Clamped Homogenous Elect}ophoresis).
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1.2 Preparation of DNA for PFGE
Ideally a genomic DNA preparation that contains a high proportion of
completely or almost completely intact genome copies would be suitable for PFGE.
Conventional means of DNA preparation are unsuitable for PFGE as mechanical shearing
and low-level nuclease activity will result in fragmented DNA with an average size much

smaller than an entire microbial genome (usually less than 200 kb in size). The solution to

this is to prepare genomic DNA from whole€cils in a semisolid matrix (ie. agarose) that
eliminates mechanical shearing. A ve high'Con€Chtration of EDTA is also used at all
times in order to eliminatC all auelease ¢ JTT-I{ re of DNA preparation:

d wi -\-Y MT agarose and set in a mold
diff o the plugs and lyse cells
and digests proteins
e performed in plugs (extensive
5 required to remove proteinase K

5) Plugs arei - onto PFGE and run

L Loy

Forwestri sts, conven Zynits are unsuitable as they cut
frequently on an ‘“,— enome sequence pro :ﬂ gments that are far too
small. Rare cutter restrictior fgenom 'c@NA with far less frequency
than conventional restnc}lon enzymes such as HdeII BamHI etc. Many rare cutter RE’s

have 6-bp (orﬁ\% %ﬁs‘ﬂ ﬂj Wﬂsﬁrﬂﬁln many cases the

frequency of cugting is highly specnes dependent eg. BamHI will cut far less frequently on

R BN TR NN (1) i

species being studied (50).
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2. Large insert cloning vectors - BAC’s and PAC’s

DNA cloning is another technique fundamental to molecular biology that
- requires adaptation in order to be useful in studying DNA at a whole genome scale.
Conventional plasmid derived cloning vectors are only able to reliably maintain inserts

less than 20 kb in size. There are a number of approaches to generating clones with

inserts in an intermediate size range (20 + 80 kB) such as cosmids, etc. The most

commonly used vectors for clon ) ) DNA inserts are BAC’s (Bacterial

Artificial Chromosomes) and PAC | ificial Chromosomes). Both BAC
ﬁ

and PAC vectors are plasmid-derived ve tor ed from conventional vectors by

extremely tightly contro low copy numbers help to

limit the strain on host cg 'y large DNA inserts thus

eliminating the rejection g
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