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Pay attentien!

-1 will write the slides content that the doctors mentioned, with bold black.

-What was mentioned in the slides while doctor skipped them, with small letters.

-What doctor focused on and said 4 »3 g Y, with underlined shape .

-The rest of Dr. Nader speech will be written in a normal shape.

We talked in the previous lecture about 2 genera of Enterobacteriaceae (diarrheagenic (Enteropathogenic) E.coli &

shigella) Now we will talk about A. Salmonella, B. Yersenia;

A. Salbmenelloy

1. Overview

-MacConkey agar plate

- non lactose fermenters (they

- Eosin methylene blue (EMB) give colorless colonies in

agar plate

- They never ferment sucrose

- They form acid and sometimes
gas from glucose and mannose.

- Saimonella can produce (we use

F. Biochemical features
this chemical property to

- Can colonies virtually all animals
(Chicken, reptiles, domestic
animals and humans (pathogen

A. Colonization for animals and humans)

- The reservoir is animal for
salmonella infection with
exception

- The exception is typhoid fever

differentiate it from shigella)

- Shigella can not produce H2S \ - Ability ton produce H2S
(remember, it is non lactose
fermenter)

- They survive freezing in water
for long periods.

- useful in the lab isolation
protocol from feces (we will talk
about that more in the diagnosis)

- Brilliant green (that inhibit other
enteric bacteria)

G. Resistant to certain
chemicals

- sodium tetrathionate \

B. Reservoir (typhoid salmonella) the only
reservoir is humans, because
typhoid fever is strictly human

disease.

\J

Salmonella

- Oral route (transmitted from

C. Route animals and animals products)

- Enterobacteriaceae family
D. General features -Gram negative bacilli

- Motile (peritrichous flagella)

- sodium deoxycholate /

- gram negative so they possess
(lipopolysaccharides) so they
have O antigen

- The are motile so they have H
E. Antigenic structure flagellar antigen
- They have the virulent capsular
antigen Vi antigen

They ferment glucose rather than oxidize it, they are oxidase negative.

2. Naming

a.Naming is complex and controversial but one of the most accepted nomenclature systems

you will see is composed from 3 parts:
1- Genus which is Salmonella.
2- Then the species, there are two species

- Enterica (affects that humans and worm blooded animals (animals that can keep their
temperature higher than their environment), the species of our interest.

- Bongori (affects cold blooded animals)

3- Subspecies (serotype/ serovars), there are more than 2,400 serotypes of salmonella.
We will discuss 5 serotypes (Typhi, paratyphi, enteritidis, typhimurium and cholerasuis).



3. Overview of the three clinical forms of Salmonellosis
You must differentiate between typhoidal salmonella (ST) and non-typhoidal salmonella (NST).

® The disease caused by Salmonella is called Salmonellosis.

= Typhoidal salmonella is caused by Salmonella paratyphi (A,B,C) and Salmonella typhi
(group D), While non typhoidal salmonella caused be any serotypes other than typhi and
paratyphi.

= The three following clinical outcomes of Salmonella infection might overlap.

* They used to divide Salmonella paratyphi to four groups:
Group A, Group B, Group C, Group D (which is now known as Salmonella typhi, it cause
the most sever form of typhoid fever).

= These five serotypes belongs to enterica species.

- Salmonella typhi (Group D)

A. Caused by typhoidal /

1. Typhoid fever (enteric fever) salmonella (subspecies) which are Group A

\ - Salmonella paratyphi Group B

\. Group C

A. It is the most common clinical
form of Salmonella infection.

Clinical outcomes of 2. Salmonella enterocolitis
Salmonella infection (Salmonella gastroenteritis) B. The subspecies associated - Salmonella enteritidis
with salmonella enterocolitis Va
\ “N\__ - Salmonella tiphimurium
\ A. The most common subspecies
\ 3. Salmonella bacteremia with associated with bacteremia with
N\ focal lesions focal lesions - Salmonella cholerasuis

4. Three clinical forms of Salmonellosis in details

.ﬂ’ fnteric fQV 81’ (typﬁOiO[feVQT) (here is a summary, try to join the following 2 paper together (printing

issue)

= Most serious, not most common.

= Caused by Salmonella typhi and paratyphi.

= Reservoir is infected humans and subclinical carriers.

* Transmission by contaminated food and water and from mother to fetus.

= Colonization in biliary tract and gallbladder if there are stones.

= |Immunity by cell-mediated immunity (facultative intracellular).

= Acid sensitivity: 1) needs higher inoculum. 2) anti acids users are at high risk.

= Lumen of intestinesM ceIIspayer’s patches (multiplication in lamina propria
monocytes) Intestinal L.N mesenteric L.N Thoracic ductbloodreticular-
endothelial cells in spleen, liver and bone marrow.

= Inflamed mucosa and epithelium causing ulcers healing without scare.

= Culture, blood +, stool +




Enteric fever (typhoid
fever)

1. It is the most sever and
important outcome of
salmonella infection (it is
not the most common).

a. salmonella paratyphi
(A,B,C “C"”)
2. ltis caused by

typhoid salmonella b. Salmonella typhi (D)

a. Another infected human

3. The reservoir

b. Subclinical carriers
(convalescent carriers)

a. Biliary tract

4. The location of bacterial
colonization in people

a. Typhoid fever is sever
systemic disease,
characterized by

febrile illness

b. It still a major cause of
morbidity and mortality
worldwide

c. More than 15 million new
cases with typhoid fever each
year with half a million death

5. Epidemiology

d. Incidence differ significantly

developing vs developed

counties 0.2-4 cases to up to

500/10”5 population.

a. Food ,water contaminated

with human faeces.

b. vertical transmission (trans-
placental) from the infected

6. Transmission
pregnant mother to a

susceptible fetus.

Cell mediated immunity is
important, because salmonella

= is facultative intracellular.
7. Immunity

Humans are the natural
reservoir. The feces of persons
who have unsuspected
subclinical disease or carriers
are a more important source of
contamination than frank
clinical cases that are promptly
isolated, such as when carriers
working as food handlers are
“shedding” organisms.

b. Gallbladder (especially if
there is gallbladder stones)



1. We need high (inoculum/
dose) of salmonella because

large amount of this organism
will die after reaching the acid

environment (the dose is so
many folds in comparison to
shigella.

2. The anti acids drug users are

at high risk

First: They invade the microfold
cells and reach the payer’s
patches.

Second: they multiply in the
mononuclear cells in lamina
propria and transported to the
other intestinal lymph nodes

Third: transported to mesentric
lymph node

Fourth: transported to the
thoracic duct

Fifth: transported to the blood

Sixth: Circulating organism
reach reticule-endothelial cells
in liver ,spleen and bone
marrow and circulating endo
-toxin cause prolonged fever.

\alean
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1. Postinfection fever

associated with headache (the

first sign to begin), Temp.

increase in a stepwise fashion
become unremitting and high (a

high platuea). NSAIDS and

other antipyretic drugs will not

work in this situation

2. Abdominal pain and diarrhea

beginning fluctuating with
constipation (later)

1. One week

3. Malaysia, anorexia and

myalgia
H?S‘V !ﬂlbr &— 1. Fever continues

2. Respiratory symptoms

(cough, epistaxis) and fatigue.

3. abdominal symptoms more
sever.

4. Faint rose spots and rash on
the abdomen and chest and
back (the trunk) macula.

a. Disease might resolve
spontaneously

b. In the pre-antibiotic era, the
chief complications of enteric
fever were intestinal
hemorrhage and perforation,
and the mortality rate was 10-
15%. But nowadays with the
presence of antibiotics it's less
than 1%.

2. Second week

3. Third and fourth week

a, After ingestion and passage
of salmonella to the stomach,
the organism faces the high
acidity inside (salmonella is
acids sensitive) and this has
two reflexes :

b. Once the salmonella
attached to the mucosa of
small intestine they invade the
payer’s patches (specifically the
microfold cells)

It is facultative intracellular
bacteria. These steps beside
are called transient
bacteraemia.

c. then you have inflamed
mucosa and lymphatic and
salmonella in the blood
(Necrosis and sloughing of
overlaying epithelium producing
ulcer that may bleed. Ulcers
heal without scarring.)

a. Incubation 7-14 days. Onset
is insidious postingestion of
contaminated food or drink.

8. Pathogenesis

9. Clinical manifestations

b. Signs and symptoms after
incubation period.

Enteric fever (typhoid
fever)



B. Enterocolitis (gastroenteritis)

{
DA
( % a. Signs and symptoms appear
early with in 2 days after ingestion
of contaminated food or drink. (Sa.(mane“a)

1. nausea, headache, vomiting,
and profuse diarhea (no bloody
diarrhea)

2. with few leukocytes in the
__stools.

3. Bacteremia is rare however
immunocompromised patients are
at higher risk of developing
bacteremia especially (cancer
patients)

\ _b. Initial symptoms: 5. Clinical manifestations

4. Low-grade fever is common.

5. Inflammatory lesions of the
small and large intestine are
present.

C. Symptoms remain for less than
a week before spontaneous
resolution (2-3) days.

1. The most common clinical
manifestation

a. Salmonella typhimurium

5 The oet Gomman / b.Salmonella enteritidis
subspecies c. can be caused by any of the

/ more than 1400 group | serotypes
of salmonellae. (Rather than those

cause typhoidal infections)

Enterocolitis
Infected animals, eggs, poultry
3. Reservoir and diary products

1. Blood negative in general (with
bacteremia cases it is positive)

2. Stool positive because it is
gastroenteritis (may remain
positive for several weeks after
clinical recovery).

4. Diagnosis with culture

C. Bacteremia with Focal Lesions.

+* More than 10% of bacteremia with focal lesions seeding bones (osteomyelitis) and
joints (arthritis).

+* It has been noticed that bacteremia is either dependent on:
1. Serotype of salmonella.
2. Some features related to the exposed patient himself like being
immunocompromised (cancer) then the probability of bacteremia is much higher.
3. Other diseases specifically the sickle cell anemia patients, they have more

probability of developing bacteremia from salmonella infection.

a. All salmonella can cause
bacteremia, Typhi, Paratyphi,
Cholerasuis, (Typhimurium,
Enteritidis in case of
immunocompromised patients)

1. The causative agents / b. But the most common

subspecies is salmonella
cholerasuis.

e

Bacteremia with Focal 2. Diagnosis 7~
Lesions “N\__ 2. Stool culture is negative

1. Blood culture is positive

a. Local suppurative infection that
seeding one of the organs which
3. Clinical presentation are:

1. Usually bones in form of
osteomyelitis

"N\__ 2. The joints in form of arthritis

5. How to diagnose Salmonella infections



» The primary diagnostic method is culture from the blood and that is typical with typhoid

fever as well as bacteremia with focal lesions.

» As an approach of Salmonella culturing protocol consists of 3 steps:

1. Enrichment culture.

2. Differential and selective medium culture.

3. Final identification.

a. Typhoid fever

b. Bacteremia with focal lesions

- positive

1. Blood culture attention)

C. Enterocolitis in case of
immunocompromised (pay

- Negative

a. Enterocolitis in general

a. Typhoid fever (the stools yield
positive results from the second
or third week on).

- positive

A. Specimens

2. Stool culture

b. Gastroenteritis (enterocolitis)
the stools yield positive results
during the first week.

a. Bacteremia with focal lesions (it

- negative uses Gl as a passage way just).
establishes the presence of
salmonellae in the biliary tract in

3. Duodenal culture - positive carriers.

- type of specimen is usually stool

Diagnosis

- type of chemicals in the medium

1. Selenite F

1. Enrichment cultures.

2. Differential agar (after moving
the suspected colonies from the

B. Bacteriologic culturing for
9 9 first step)

Isolation of Salmonellae (in

- the final results

S ———
N 2. Tetrathionate broth

1. Inhibit replication of normal
intestinal bacteria

2. Permit multiplication of
salmonellae.

1. MacConkey agar plate _ NOV“\“"” o5t fdmf/n\—ffs

- types of agar plates

> <

order)

3. Selective medium culture (after
moving the suspected colonies
from the differential agar)

“\__ 2. EMB agar plate

1. salmonella-shigella (SS) agar

2. Hektoen enteric agar
-Types of agar

Colorless colonies

4. Final identification (Suspect

3. xylose-lysine decarboxylase
(XLD) agar.

1. Either Biochemical tests (the
ability to produce H2S)

Salmonella positive, shigella
negative

colonies from solid media are
identified by:

U
N

2. And / or serological tests
(agglutination tests with specific
sera).

a. Slide agglutination test

v Serologyslide agglutination test:

b. Tube dilution agglutination test

N\ (widal test)

Here we have the colonies (we suspect that they are salmonella colonies but we
consider them unknown colonies) we mixing them on a slide with a known sera to a
salmonella antigen (H,0,Vi) , if there are antibodies specific to salmonella antigens, then
agglutination takes place (within a few minutes) (positive test).

This test is particularly useful for rapid preliminary identification of cultures. There are
commercial kits available to agglutinate and serogroup salmonellae by their O antigens:

A,B,C1,C2,D,andE.



v Tube dilution agglutination test (the famous name .... Widal test) .... Was used in the

past (doctor said in one of the sections that he will not ask about it)

A.
B.

o

We look for antibodies against salmonella in patient serum itself.

Serial dilutions of unknown sera of suspected patient are tested against antigens
from representative salmonellae (in the lab we have the antigen representative for
the salmonella and we get the serum from the patient) .

The interpretive criteria when single serum specimens are tested vary, but a titer
against the O antigen of greater than 1:320 and against the H (flagellar) antigen of
greater than 1:640 is considered positive.

Serology is not relied upon because of cross-reaction antibodies from previous
either: 1. Immunization for typhoid for example 2. Or infection with other intestinal
pathogens (cannot be relied upon to establish a definitive diagnosis of typhoid fever
and are most often used in resource poor areas of the world where blood cultures
are not readily available).

Serum agglutinins rise sharply during the second and third weeks of S Typhi infection.
At least two serum specimens, obtained at intervals of 7-10 days, are needed to
prove a rise in antibody titer.

False-positive and false-negative results occur.

. High titer of antibody to the Vi antigen occurs in some carriers. Alternatives to the

Widal test include rapid colorimetric and EIA methods.

6. Immunity

A. Types of serotypes thar

D. Persons with S/S confer a certain degree of - Typhi
hemoglobin (sickle cell disease) immunity.
are exceedingly susceptible to \__Paratyphi

Salmonella infections,

particularly osteomyelitis.
Persons with A/S hemoglobin
(sickle cell trait) may be more

1. relapses may occur in 2-3
weeks after recovery despite the
presence of antibodies against

susceptible than normal salmonella antigens.
individuals (those with A/A
hemoglobin are normal B. Ability to reinfection / 2. Reinfection may occur but is
persons). ; i often milder than the first
l Immunity infection.
E b w\ov\dlﬂ o S—\Q\é\e ce,!\ 1. Secretory IgA antibodies may
prevent attachment of
- M;f Yows salmonellae to intestinal
< 2 ¥ [ Y-
@ 0((,' Vi $\°“§ ( michD tngTx ) epithelium. (The cornerstone of
S P \. ' . immunity)
@ ”aCW S e C. Types of immunity that play a
major role 4. Circulating antibodies to O and

Vi are related to resistance to
infection and disease.

—TJere ‘s & Naowne &r




7. Treatment

e How to treat salmonella it is dependent on the clinical form.

e Antimicrobial treatment of Salmonella enteritis in neonates is important. In
enterocolitis, clinical symptoms and excretion of the salmonellae may be prolonged by
antimicrobial therapy. In severe diarrhea, replacement of fluids and electrolytes is
essential.

e 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 cholecystectomy must be combined with drug treatment (drugs
don’t have that success).

- fluids and electrolytes

1. gastroenteritis replacement is the cornerstone.
1. Ciprofloxacin

2. Typhoid fever & Salmonella )

bacteremia with focal lesions - antibiotics are indicated .....drug 2. Cephalosporins

(invasive ones) of choice: 3. Trimethoprime-
sulfamethoxazole
4. Ampicillin

- Ampicillin

3. carriers state

Treatment - Surgical removal of gallbladder

(cholecystectomy)

- Multiple drug resistance
transmitted genetically by
plasmids among enteric bacteria
is a problem in Salmonella

4. Resistance infections.

- Susceptibility testing is an
important adjunct to selecting a
5. Susceptibility test proper antibiotic.




8. Prevention and Control

- poult
1. Food must be cooked -

thoroughly - meat

W

- why we should take care of
them?

3% survivors of typhoid become
healthy permanent carriers,
harboring the organisms in the
gallbladder; biliary tract; or, rarely,
the intestine or urinary tract.

- must be treated by ampicillin
and cholecystectomy

2. Carriers
- never working as food handlers

- should observe strict
ienic precautions.

A. Vaccination is recommended
for travelers to endemic regions,
Prevention and Control areas or small villages where food
choices are limited.

especially if the traveler visits rural

1. Oral life attenuated vaccine

B. Types of vaccine

2. Intramuscular Vi capsular
polysaccharide vaccine

3. Vaccine
C. Vaccines for typhoid fever only

D. Moderately effective but non-
long-lasting immunity for more
than few years. efficacy of 50~
80%.

- Sanitary measures must be

food and water by rodents or
other animals that excrete
salmonellae.

4. Sanitation

taken to prevent contamination of

Do gow Know the Killer
wh SWiIMs in bhe

bloed while
Jinkina
Morec)

- causative agent of plaque (black
death)

A. Yersenia pestis (out of our
context)

1. the bite of an infected flea

Routes of infection
2. inhalation

1. More than 70 serotypes

2. Most clinical infections are

associated with serogroups 0:3, 5. Three important species in

A. Gram negative bacilli from
(Enterobacteriaceae) (gamma
proteobacteria)

B. It tends to be coccobacillary

C. It retains the stain at both ends
(bipolar stained coccobacill

- primary animal pathogen with
occasional transmission for

2. Zoonotic human

- Potential infection with yersinia
with blood transfusion
(contaminated RBCs have been
documented with yersinia)
because it can multiply at
refrigeration temperature when
we storing infected blood when it
is donated from an infected

1. Blood products person.

0:9, and 0:5,27, with a declining this genus that cause humans
number of O:8 infections. diseases
- mesenteric adenitis
3. Associated with 1. Y.enterocolitica
- terminal ileitis

4. Y. enterocolitica is found
worldwide and has been isolated
from a wide variety of wild and
domestic animals and
environmental samples, including
samples of food and water.

B. enteropathogenic Yersinia
species

1.Associated with mesenteric
adenitis only

2. Y. pseudotuberculosis is less
frequently reported as a cause of
human disease than Y.
enterocolitica.

2. Y.pseudotuberculosis

Yersinia

2. Consumption or preparation of
raw meat

3. products milk (pasteurized,
unpasteurized, and chocolate-

flavored)

4. various foods contaminated
with spring water products are
linked with infection.

3. Transmission

4. Some growth and metabolic
characteristics has been
exploited for yersinia (we use
these characteristics in
isolation)

1. Nonmotile
- At 37 ree
2. Grow slowly

1. Motile
- At 25 degree.
2. Grow optimall




e Pathogenesis

1. It enters the host usually by
contaminated food (we talked
about other routes previously)
The usual route of infection is
oral.

2. The long pathway (we saw
something like this previously
but where?!

1. It reaches the small intestines
(the lumen) initial replication in the
small intestine.

2. Crossing microfold cells

3. Invading payer’s patches of the
distal ileum

Enteropathogenic
Yersinia pathogenesis

3. Virulence factors (are many
but some of them will be
mentioned:

4. onward spread to mesenteric
lymph nodes.

5. The liver and spleen can also
be involved after oral infection.

1. pathogenicity island genetic
component (PAl) that encodes for
an iron- scavenging siderophore.
(In the three species)

2. They have type lll secretion
systems that consist of a
membrane- spanning complex
that allows the bacteria to inject
proteins directly into cytoplasm of
the host cells.

4. The characteristic histologic

appearance of
enteropathogenic yersiniae

3. Yersinia outer membrane
proteins, those trigger cytotoxic T
lymphocytes.

4. Toxins

A. Endotoxins (LPS)

B. Heat-stable enterotoxin

but the role of this toxin in
diarrhea associated with infection
is not well defined.

- after invasion of host tissues is
as extracellular micro-abscesses
surrounded by an epithelioid
granulomatous lesion.

o Clinical estali

L)

D)

* Be reminded that Y.enterocolitica and Y.pseudotuberculosis Both of them can result in

mesenteric adenitis which characterized by (abdominal pain and fever) and for this
scenario of abdominal pain and fever, one of the top differential diagnosis is acute

appendicitis, so when we want to remove the inflamed appendix, the actual cause is
yersinia enterocolitica or pseudotuberculosis.

X3

%

The most common form of yersinia infection in the gastrointestinal tract is the Yersenia

gastroenteritis and this takes place mostly in children and it is characterized by fever

diarrhea as well as abdominal pain.
%+ Yersenia is one of the infections that cause post infection sequel like reactive arthritis

and Reiter syndrome that usually takes place after a month of infection.



e How we diagnose Yersenia infection

-The number of yersiniae in stool
may be small and can be
A. Stool increased by “cold enrichment”

1. Specimen B. Blood

C. Material obtained from surgical
exploration

A. In enrichment medium (25 ¢
degree “motile, grow optimally”)

- cefsulodin-Irgasan-novobiocin
(CIN) agar incubated at room
temperature for several days.
2. Culture B. Subculture in yersinia selective (Bull’s eye appearance with red
agar center)

Dlagn03|s C. Subcultures made at intervals
on MacConkey agar may yield

yersiniae.

A. cross-reactions between
yersiniae and other organisms
(vibrios, salmonellae, and
brucellae) may confuse the
results.

B. serum specimens taken 2 or
3. Serology more weeks apart.

C. arise in agglutinating
antibodies can be shown

Notce Yo %V‘o“g E’OQ’
on CIN aset




e Treatment

A. Most cases of diarrhea caused
by enteropathogenic Yersinia are
self-limiting. Data from clinical
trials do not support antimicrobial
treatment for adults or children
with Y. enterocolitica diarrhea.

1. Yersinia enterocolitica

/ B. resistant to penicillin and
cephalosporin

1. Ampicillin

2. Yersinia pseudotuberculosis
is susceptible to

2. Cephalosporin

Treatment 3. Aminoglycosides

3. Systemic infections with
bacteremia or focal infections
outside the gastrointestinal

tract. i i
B. fluoroquinolone therapy is 1. ciprofloxacin

effective for bacteremia in adults / 2. A third-generation
cephalosporin is an alternative

A. generally require antimicrobial
therapy.

e Prevention and control

1. Proper hygiene E

2. Adequate food preparation
and processing (Safe handling
and processing of food). U

/ 3. Consumption of food made \\.\/

from raw meat should be
PREVENTION AND discouraged at present because

it is not possible to eliminate
CONTROL contamination with the

enteropathogenic Yersinia
\ strains found worldwide.

4. No vaccine is effective in
preventing intestinal
colonization of food animals by
enteropathogenic Yersinia.




