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Labl Introduction in practical bacteriology

P Bacteria: Bacteria are microscopic living organisms that have only one cell. The word for just one is
“bacterium.” Millions (if not billions) of different types of bacteria can be found all over the world, including in
your body. They’re on your skin and in your airways and mouth. They’re also in your digestive system |,
reproductive system and urinary tract. Scientists estimate you have 10 times more bacterial cells than human
cells in your body. Bacteria divided into two types pathogenic and nonpathogenic bacteria .

P> bacteriology : A branch of microbiology dealing with the identification, study, and cultivation of
bacteria and with their applications in medicine, agriculture, industry, and biotechnology.

» Pathogenic bacteria : are bacteria that can cause disease. They can reproduce quickly in your body and
give off poisons (toxins) that can cause infection. For examples : Escherichia coli , Staphylococcus aureus ,
streptococcus pyogens .

+ General Guidelines about Medical Bacteriology Lab

Lab Safety
All materials and clothes other than those needed for the laboratory are to be kept away from the
work area.

. A lab coat or other protective clothing must be worn during lab. The lab clothing is not to be worn
outside of the laboratory.
Clean the lab table before and after lab with the disinfectant solution provided.
Wash hands before leaving lab.

. Any item contaminated with bacteria or body fluids must be disposed of properly. Disposable items
are to be placed in the BIOHAZARD container. Reusable items are to be placed in the designated
area for autoclaving prior to cleaning. Sharps are to be disposed of in the appropriate container.
Reusable items should have all tape and marks removed by the student before being autoclaved.
Because organisms used in this class are potentially pathogenic, aseptic technique must be observed
at all times. NO eating, drinking, application of cosmetics or smoking is allowed. Mouth pipetting is
not allowed.
Cuts and scratches must be covered with Band-Aids. Disposable gloves will be provided on request.
Long hair should be tied back while in lab.

. All accidents, cuts, and any damaged glassware or equipment should be reported to the lab
instructor immediately.

. Sterilization techniques will involve the use of Bacticinerators that are fire and burn hazards.

. Bacticinerators reach an internal temperature of 8500C or 15000F. Keep all combustibles (capable
of catching fire) away from the Bacticinerators. Do not leave inoculating loops or needles propped in
the Bacticinerator.

13. Microscopes and other instruments are to be cared for as directed by the instructor.

14. It is the responsibility of the student to know the location and use of all safety equipment in the lab
(eyewash, fire extinguisher, etc).

15. Cultures may not be removed from the lab. Visitors are not allowed in the lab.
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16. Doors and windows are to be kept closed at all times.
17. For the best lab experience, read labs before coming to class. Make notes as necessary. Wait for a

laboratory Background by the instructor before starting work.

Overview of iedically important bacteria

-
Extracellular & Facultative Obligate fntracellular
Rickettsia Chlamydia Mycoplasma*

! | l ' !

Gram-positive Gram-negative Mycobacteria Spirochetes

Z N P e /

Cocci Bacilli Cocci and Bacilli

coccobacilli v ’ %
1 Enterobacteriaceae Borrelia

staphylococdi l Pseudomonads Treponema
streptococci Haemophilus Legionella

“nterococci
Bordetella Vibrio

Leptospira

Francisella
Aerobes Strict . Campylobacter

Anaerobes Brucelia
Pasteurella

Helicobacter
_isteria 1
3acillus Clostridia Neisseria

Cor)mgg@ﬁ:teriaA ctinomycetes Microbiology
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Identification of the organism causing an infectious
process is frequently essential for effective antimicrobial and supportive therapy.

Specimens collection .

Direct microscopic visualization of the organism.

Cultivation and identification of the organism.

Detection of microbial antigens [immunohematology]

Detection of an inflammatory or host immune response to the microorganism [immunohematology]

Detection of microbial DNA or RNA [molecular biology] and All laboratory studies must first be

directed by the patient’s clinical information (that is, their history and physical examination), and

then evaluated, taking into consideration the sensitivity and specificity of the test.

Symptomatic Patient:
(localized or systemic)
/ \ Specimen collection

Characteristic signs

and symptoms
l Urine
Presumptive Swab
clinical diagnosis

Anaerobic
Tissue biopsy sample

L
Test selection by clinicians

ll l
Microscopic Culture Serologic Tests Genetic

E=——= Selective and l l

nonselective
media
: Agglutination, Hybridization
complement fixation, of DNA, RNA

ELISA
Biochemical | &
Quantitation tests X

Definitive diagnosis

'

Antimicrobial susceptibility testing
(or known susceptibility)

v

Treatment

!

Asymptomatic patient
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1. Specimens collection :

Sphenold Face p

LN\

@ Grasp the swab like a pencil toward
the end of the shaft.

A—

\

&% NOTE\Samples should be collected before
the start of any treatment .

9 Nostril

I © Place the swab at the bottom of

the nostril. Travel along the floor
of the nose, which corresponds to
the hard palate.

~— Possible Resistance

3cm

®» A-Nasopharyngeal swab :

Structures: inferior turbinate or a septal spur
‘What do do: Aim medially, inferiorly or both ‘What do do: Pull back slightly, angle down ~30°

6.5cm
Structure: Sphenold face

9-10cm
In Nasopharynx

1\
e Insert a sterile swab into the nose until ;

o Leave swab in place for several
resistance is met at the level of the turbinate.

seconds, rotate the swab in place,
and then slowly remove the swab.

* Rotate the swab against the nasal mucosa.

* Place into swab transport system, and deliver
promptly to the lab. Rayon / Dacron Swab to
collect samples

®» Throat swab

How To Swab For
Strep Throat

1. Tilt patient head back.

2. Tongue depressor presses down
tongue to get a clear view
of mouth and throat.

. Collect patient specimen by
swabbing the posterior pharyn,
tonsils and other inflamed areas.
Avoid touching the tongue, cheeks
and teeth with the swab.

@ Open the collection tube
and insert the swab into
the tube. Follow
instructions for storage or
transport.

» Sputum Have patient rinse mouth

and throat with fresh water, cough
deeply and expectorate into Sputum
Collector. An early morning
specimen is usually more productive.
5-10 cc of specimen is desired. Label
specimen and send to laboratory
immediately. If there is a delay in
transport to the lab, specimen
should be refrigerated.

B. Eye specimens
- Where possible ask the patient to

look upwards and gently pull the

lower lid down or gently part the

~ eyelids. Use a sterile cotton wool swab
and gently role the swab.

- over the conjunctival sac inside the

lower lid or using gauze. Hold the

' swab parallel to the cornea to avoid

injury if the patient moves, Place the s

i S W
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» If there is purulent discharge this should be
sampled.

» Place a sterile swab into the outer ear and gently
rotate to collect the secretions.

» Place swab in transport medium.

» For deeper ear swabbing a speculum may be used

» Use a sterile swab and gently rotate on the area to collect exudate from the wound and place into
transport medium.

» Where there is pus collect as much as possible in a sterile syringe or sterile container (do not use a
swab) and send to the laboratory.

(Midstream or ‘clean catch’

specimen)

Ask the patient to void a small amount of urine into the
toilet first.

Then ask the patient to urinate 10-20 ml directly into the
specimen container.

Instruct the patient that the remaining urine can passed into
the toilet.

Place the lid securely on the specimen container

F. Fecal specimens: Collect feces from patients as soon after

onset of illness as possible, and before the start of treatment. For
liquid stool specimens, no more than 10 ml should be added to
the Cary Blair medium and mixed. Containers for urine &

feces sample collection
Lecturer Hiba AlL Hilal
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lab 2: Staphylococcus aureus :

» Staphylococcus aureus: is a gram-positive
bacteria (stain purple by Gram stain) that are cocci-
shaped and tend to be arranged in clusters that are
described as “grape-like.” that cause a wide variety of
clinical diseases. Infections caused by this pathogen
are common both in community-acquired and
hospital-acquired settings. The treatment remains
challenging due to the emergence of multi-drug
resistant strains such as MRSA (Methicillin-Resistant
Staphylococcus aureus).

» laboratory diagnosis :
1. Gram staining: Gram-positive cocci in clusters,
cocci may appear singly in pairs or in short chains.

2. Culture media

® Blood Agar: growth occurs abundantly within
18 to 24 hours, yellow or golden yellow colonies
with S.aureus on Blood Agar. large, smooth,
hemolytic colonies. The lysis of the RBCs is due

to alpha toxin are seen.

Mannitol Salt Agar (MSA) is a selective media
commonly used for the isolation ofS.
aureus. After inoculation, MSA plates were
incubated at 35°C for 24 to 48 hours. S. aureus is
mannitol fermenting bacteria and gives yellow or
gold colonies

® Catalase test : The catalase test is
important in distinguishing
streptococci (catalase-negative)
staphylococci which are Catalase

positive. The test is performed by
flooding an agar slant or broth

culture with several drops of 3%
hydrogen  peroxide.  Catalase-
positive cultures bubble at once. The |
test should not be done on blood |
agar because blood itself will
produce bubbles.

Third Grade / First Semester
Pathogenic Bacteria / Practical

Coagulase producing strains of S.
aureus form a clot (solid fibrin gel)
when grown in plasma whereas
coagulase negative do not form a clot
® Principle of Tube coagulase test:
The free coagulase secreted by S.
aureus reacts with coagulase reacting
factor (CRF) present in plasma to
form a complex, thrombin. This
converts fibrinogen to fibrin resulting
in clotting of plasma.

' Tube coagulase test '
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®» Procedure for Tube coagulase test:
1. Take three test tubes and label them as “test”, “negative control” and “positive control”.
2. Fill each test tube with 1 ml of 1:6 dilution of rabbit or human plasma in normal saline.

3. Add 0.1 ml of overnight broth culture to the tube labeled test. Also add 0.1 ml of overnight broth culture of
known S. aureus to the tube labeled positive control and 0.1 ml of sterile broth to the tube labeled negative
control.

4. Incubate all the tubes at 370C and observe up to four hours.

Most important test for S. aureus identification

Test result
Gram staining +
Catalase
Oxidase
Co agulase
DNAase
Mannitol fermintation +
Hemolysis Beta
Growth on N.A Production golden pegment
on agar

No.
1
2
3
4
5
6
7
8

= Catalase test

Gram- |
positive cocci { 1

Positive Negative

&R. g
Staphylococci Streptococci

l

Coagulase Test

1

) Coagulase negative
Coagulase positive

Staphylococcus aureus l
Novobiocin Sensitivity Test
|
Sensitive Resistant

| |

Staphylococcus Staphylococcus
epidermidis saprophyticus

Lecturer Hiba AlL Hilal




University of Diyala Third Grade / First Semester
College of Science Pathogenic Bacteria / Practical
Department of biotechnology

Lab 3: Gram positive cocci (Streptococci spp).

4 Streptococci : are Gram-positive cocci arranged in
chains or pairs. They are part of the normal flora of
humans and animals. Some of them are human
pathogens. The most important of them is
Streptococcus pyogenes causing pyogenic infections,
with a characteristic tendency to spread, as opposed to
staphylococcal lesions, which are typically localized.
It is also responsible for the nonsuppurative lesions,
acute rheumatic fever and glomerulonephritis which
occur as sequelae to infection.

Common characteristics shared by these gram-
positive cocci are:

Gram-positive cocci, arranged in chains or pairs.

Non motile, non spore forming.

Some strains are capsulated, which are important in
pathogenicity.

Catalase-negative.

Majority are facultative anaerobes, few are obligate
anaerobes.

They are fastidious microorganisms grow on enriched
media such as blood agar, have small, pin head,
opaque, circular colonies.

7. Sensitive to drying, heat, and disinfectant.

+ Classification of Streptococci based on :

-reactions on blood agar) (Brown in 1903) The type of hemolytic reaction on blood agar has long been
used to classify the streptococci.

1. Alpha (@) hemolytic streptococci Alpha (a) hemolytic streptococci produce a greenish discolouration
with partial hemolysis around the colonies known as viridans streptococci® or Streptococcus viridians
(from ,,viridis* meaning green). The alpha streptococci are normal commensals in the throat, but may cause
opportunist infections rarely. Pneumococcus (Streptococcus pneumonia) is also an alpha hemolytic
streptococcus.

2.Beta (B) hemolytic streptococci Beta: (B) hemolytic streptococci produce a sharply defined, clear,
colourless zone of hemolysis, 2-4mm wide, within which red cells are completely lysed. Most pathogenic
streptococci belong to this group e.g. Streptococcus pyogenes.

3. Gamma (y) or nonhemolytic streptococci Gamma (y) or nonhemolytic streptococci produce no change in
the medium. They include the fecal streptococci (enterococci, Str faecalis) and related species
(enterococcus group).
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Blood Agar:
Shows three types of hemolysis
a Hemolysis
B Hemolysis
Yy Hemolysis

Beta Hemolysis Alpha Hemolysis

Classification

Based on 02

Aerobes « requirement

Third Grade / First Semester
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Gamma Hemolysis

» Anaerobes

!

Growth on BA
|

!

Peptostreptococci

' '

a hemolysis B hemolysis

| |

Incomplete hemolysis Complete hemolysis
(green color) l

l Lancefield grouping
Strep. viridans Strep. C carbohydrate Ag on cell wall
pneumoniae l

.

y hemolysis

|

a / B / no hemolysis

specific l
Enterococcus fecalis

Group A - U (21 groups)

}

Griffith typing of Group A on MTR proteins into > 100 types
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+ HUMAN STREPTOCOCCAL PATHOGENS
* S. pyogenes
* 8. agalactiae
* S. Viridans streptococci
* S. pneumonia
» Enterococcus faecalis

+ Human streptococcal pathogens (B-hemolytic )

Gram Stain: Gram positive

® Group A streptococci - S. pyogenes: Most
serious streptococcal pathogen, Inhabits throat, o o]
4 also in pairs and singly

=

nasopharynx and occasionally skin.

o

— D A

®

Strebccus pyogenes || B
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» Specimens: Throat swab, pus, blood

» Identification tests:

> Catalase : Negative

2» Bacitracin: sensitive

2 ASO titer /Ab. titer: normal < 200< positive result.

Beta HemolySis

-

Strep CIOCCUS pyOggﬂﬁ Gram staining of Strept;joccus pyogenes

> Sensitivity to Bacitracin and Optochin:-
Each disk of drug is placed on blood agar or nutrient agar and incubate with Streptococcus after incubation,
an inhibition surrounding the growth indicate positive result.

Fig. Optochin Test using optochin disk
A. S.viridians, Resistance to optochin
B. S. pneumoniae, Susceptible to
optochin
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Streptococous sp.
S taphylocooc

growwith on Sheep’s BElood Agar

c-hemrmolkytic

!

Growwth in pressnos Zrowwvth in prase
of Bacitracin Discs of Optochin Discs

re e S

sansitive Sitive resistamt

—

Strepiooocous other B-hermolytic Streptocoocus oiber c-hamolytic
DrOgenaes s tre phooocci Fal T=0F i p Dt P T=) strepbooocci

# Anti-StreptolysinO Test (ASOT):

P Principle] ASOT this test is serological test used in post streptococcal infection complications depending on
the presence of anti streptolysin —O anti body in the blood of patient’s previously infected with S. pyogenes.

» Materials used in the ASO Test

1. ASO antigen: A stabilized buffered suspension of
polystyrene latex particles coated with Streptolysin O and
0.1% sodium azide as a preservative. Shake well prior to
use.
ASO positive control: Human serum-containing more than
200 1U/ml ASO and 0.1% sodium azide as a preservative.

ASO negative control: Human serum containing 0.1%
sodium azide as a preservative.

Sufficient disposable pipettes.

Glass test slide.
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» Sample Collection and Handling:

® Only fresh serum specimens should be used.

®» Plasma must not be used since fibrinogen may cause non-specific agglutination of the latex.

= |t is preferable to test samples on the same day as collected. Serum samples may be stored at 2-8°C for up to

48 hours prior to testing.
®» [f longer storage is necessary, sera should be stored frozen at -20°C.

» Procedure for Antistreptolysin O Test:

. Fresh blood sample collect from vein .
. Centrifuge and separate serum from blood cell .
Mix ASOT antigen solution full drop with serum (1ml) .
. Mix gently with wooden stick
5. Observe the result through 3_5 mints.

» Test Result:

-A test sample is considered to contain ASO
antibodies in excess of 200 1U/ml  when
agglutination  (clumping) is observed when
compared to the result of the negative control.

ASO Positive  ASO Negative ASII Nogame

\ 4 “ ' ' |
Streptolysm o

Antigen is an
Hemolysin Red blood cells Hemolysts

abpedla net

4+ Differentiation between p-hemolytic streptococci:

Streptococcus  Hemolysis Bacitracin Bile solubility 6.5% NaCl Optochin

spp.
S. pyogenes Beta +

S. agalactiae Beta
E. faecalis Gamma

S. viridans Alpha
S.pneumoniae alpha
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LAB 4 Gram positive rods :
+ Listeria monocytogenes :

L4 _: is a Gram-positive, catalase-positive,
non-spore forming, aerobic or anaerobic intracellular rod bacterium
in the genus Listeria and family Listeriaceae. L. monocytogenes can
also exist as coccobacilli or short chains
(resembling Streptococcus and Corynebacteria species)  and  as
saprophytes in the environment. Its motility varies with
temperature. L. monocytogenes is motile at 18-20°C with a tumbling
motility in liquid media but at 37°C, the bacterium is weakly motile
or non-motile.

_L. monocytogenes | s a commonly encountered
bacterial pathogen in food products especially vegetables, meat
and milk products which they ubiquitously inhabit. The
bacterium is a Psychrotolerant organism i.e. it can grow at
very low temperature such as the refrigerator temperature.
Growth at low temperatures allows L. monocytogenes to thrive
in refrigerated stored-food products via which likely human
infection may occur after consumption. It is noteworthy that
low temperatures slow down the growth and multiplication of
some pathogenic bacteria and this underlies the reason for

preserving food products in the refrigerator.
® Laboratory diagnosis :

1. Specimens collection :

2 Blood, cerebrospinal fluid (CSF) and focal lesions are the
primary specimens obtained from infected patients .

* Food samples (meat , dairy products , poultry prducts) .

2. Culture media:

2 Blood agar : are preferably used for the cultivation of L.
monocytogenes in the laboratory. L monocytogenes produces
small, grayish, haemolytic and translucent colonies on BA.

colonies of L. monocytogenes on blood agar.
A is showing Pinpoint to small, semi-transparent colonies
B: is showing same plate examined with transmitted light.
The colonies are surrounded by a narrow haemolytic zone.

Lecturer Hiba ALL Hilal
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2 Selective media : Culture plates

are incubated for A8AK at
temperature  range of  3-
40°C.Selective media
(e.g. Listeria oxford agar base)
also exist for the isolation of L.
monocytogenes from clinical and
environmental samples.

2 Oxoid Brilliance Listeria agar

(OBLA) .

L monocytogenes groWing on Oxoid
_Brilliance Listeria agar (OBLA) plate

Listeria monocytogenes on Oxford Agar.
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3. Gram staining: gram positive rods take blue purple color, regular
short rod with a diameter of approximately 0.5 ym and a length of
0.5-2.0 um.
4. Biochemical test:
2> Catalase test : positive
2 Oxidase test : negative
2 Mannitol fermentation : negative
> Citrate utilization test : negative
2 Urea hydrolysis test : negative
2 Motility test : positive
2 Haemolytic test : Beta hemolysis

Most important biochemical test for

L. monocytogenes identification

Test Result

Gram stain + ve
catalase + ve
Oxidase - ve
Mannitol - ve

fermentation
Hemolysis
Citrate utilization

Urea hydrolysis
Motility test Motility test

Detected multi-drug
resistant isolates
Raw milk

)

¢ Antibiogram profiling
~

UL

lce cream

- - N\
/ Molecular detection of L
f
' - ., — v‘ G— VQ / monacytogenes and

virulence genes
Minced meat
Isolation of Multiplex PCR

Listeria monocytogenes

¢
/ /
Fish fillet m
Genetic relationship
% \\\ e—— with various global
- e— clones
Sequencing and

0l Salt Agar phylogenetic analysis

Crestad with Buferder com
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Lab5: Enterobacteriaceae family (Escherichia coli)

i Enterobacteriaceae family=la large group of

microorganisms that most of them live as a normal
microbiota in the intestine (colon) of human and may
be other parts of the body, and cause several enteric
diseases as well as other diseases that involve the
respiratory, genitourinary, the meninges and the skin.

Gram negative

Non spore-forming rods.

Some are motile, others are capsule producing.
Facultative anaerobes

Ferment glucose with or without gas

Grow on ordinary media

Oxidase negative . \ /)
- . ,_/. \
Enterobacteriaceae: .,
Escherichia col Enterobacter aerogenes

Laclpse fermantation

'-\-\.\_\_\‘ o~ ™\
el | e \
,./"/\\_ _//\\‘ | S | Lactose  Non-lactose
[ Matin | 5 Wiz matia \ - | fermenting  fermenting
- Hy % rrgative \ / R N . o : '
\&‘,L >/ ‘ colonies colonies

I
+ ’-} 4 = =
E. o Kbamlla - Protous vulgaris Salmonsllatyphimurium  Staphylococcus aureus
Eoal | Lostasta | PINK  COLORLESS
Citroeaier MacConkey's Agar
| Barrata

[ Family Entemhacteriaceae}

L

{ Primary Pathogens (capable of causing disease) ] Opportunistic Pathogens (can only cause
disease under certain conditions or in hosts) J

Salmonella |
. :
1 ¢ ']

- = .' :

ol ¥l

5pp. "

.:

5p. y

— Enterobacter
P
\—}
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+ Lactose fermenter Enterobacteraceae

(Escherichia coli): a gram-negative bacillus : Morphology of E. co’i

»E. coliwas discovered by Theodor Escherich in
1885 after isolating it from the feces of newborns. '

»E. coli is the normal flora of the human body.

» The niche of E. coli depends upon the availability of
the nutrients within the intestine of host organisms.

> Most commonly found in the colon of the large
intestine. Most of them are harmless and opportunistic.

»>E. coli helps with the absorption of vitamin K and
other vitamins in the colon.

»E. coli constitute about 0.1% to 1% of GI tract
bacteria, It is a facultative anaerobe.

o
»E. coli is also found in human feces. When excreted |
from the intestinal tract, the bacteria are able to &* ) '4

»E. coliis found outside the body in fecally contaminated environments such as water or mud or
sediments.

»E. coli can also be found in environments at a higher temperature, such as on the edge of hot springs.
» Humans are most likely to be infected with E. coli O157: H7 found in cattle.

4 E. coli (Escherichia coli) infections

1) Intestinal infections: (caused by some
strains) (e.g. Traveler's diarrhea, dysentery,
hemorrhagic infection).

2) Extraintestinal infections: [ Enterotorigenic .col ]

UTI, Wound infections, Pneumonia, (ETEC

E. coli serotypes

Enteroadhesive £ coli
(EAEC)

Bacteremia, Septicemia. It is the common cause Enteroinvasive £.coli
of G-ve nosocomial infection. [ (EIEC)

Enteropathogenic £.coli Enterohemorrhagic £.coli ]

Laboratory diagnosis : (EPEC) (EHEC)

Samples collection

Clinical specimens include :
Urine

Stool

Wound swabs

Blood samples

. Non clinical samples includes:
®» Water samples
®» Food samples ‘ L
® dairy products B
® fresh and industrial juices.

YRR A A dal K=
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1. selective & deferential media

1. Colonies are circular, moist, smooth, and of entire margin.
2. Colonies appear flat and pink.

3. They are lactose fermenting colonies.

E. coli colonies typically appear with a dark-centered, metallic green
sheen due to their strong fermentation of lactose and subsequent
production of acid. This specific appearance is caused by a
combination of factors: the acid lowers the pH, causing the dyes to be
absorbed and precipitate, which creates a dark center and metallic
sheen effect when light reflects off the surface

1. Colonies are big, circular,
gray, and moist.
2. Non-hemolytic colonies
(gamma-hemolysis) (A) or
Beta B) hemolytic
(B) colonies are formed.

Gram staining of E. coli results in gram-

negative, pink, rod-shaped bacteria. This is because
E. coli has a thin peptidoglycan layer and an outer
membrane, which allows it to lose the crystal violet
primary stain during the decolorization step and take up
the pink counterstain, safranin.

E. coliin Gram stain showing
gram negative bacilli
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Biochemical test

Result

Catalase
Oxidase

TSI
Indole
Methyl red
Voges — Porskaur

Citrate utilization
Urease

Nitrate reduction

+

+
+

Ve
ve

ve
ve
ve

ve

A/A+ gas production

1. IMVIC test : (indol, methyl red , voges- Proskaur ,Simon
citrate test)

Results of an IMVIC series done on Escherichia coli after 24-
hour incubation at 37°CIiTUBE'A shows a positive indole test
in tryptone broth. The positive result is indicated by the red
layer at the top of the tube after the addition of Kovéacs

reagent. shows a positive methyl red test as indicated
by the red color after the addition of methyl red reagent
TUbe € shows a negative Voges-Proskauer test as indicated
by the lack of color change after the addition of Barritt's A
and Barritt's B reagents. shows a negative citrate
result as indicated by the lack of growth and color change in
the tube.

TSI tube
control
Not inoculate

TSI :

Acid slant/ acid but

No H2S production

Gas formation shown by most
strains
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Biochemical test of E. coli

Yellow/Yellow

(A/A)

H,S —Negative

Gas formation-Positive /.

motile

non- turbid throughout

sharp edge - : ‘,"\‘ )
et

S. aureus E. coli

% Motility test in SIM media
o D g iy . L\"Lﬂt\-# "':; r.."-' g

Enterobacteriaceae

Escherichia
Shigella

Salmonella A
Edwardsiella “
Citrobacter \ a‘
Yersinia -
Klebsiella {
Enterobacter

Serratia

Proteus

Morganella

Providencia
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Lab6: Salmonella and Sheqilla:

= Salmonella spp. The  genus
Salmonella  belongs to family
Enterobacteraceae Gram negative
bacilli , they possess interesting
phenotypic/genotypic characteristics,
history and peculiar nomenclature
compared to other bacteria within and
outside the family.

Salmonella under electronic
microscope

Growth |

Salmonella under light
microscope

+ General characteristics:
1-Grams negative, bacilli or coccobacilli.

Survival
(extreme values)

Parameters

2- Flagellated Motile

3- Facultative anaerobic.

4-Grow on MacConkey's agar, non lactose
fermenter.

5-Ferment glucose, produce acid and gas
6-Catalase FV€ & oxidase —ve.

7-Most strains produces hydrogen sulfide (H2S).

optimum

Extreme

Temperature
)

-23 (butter) 35-37 5-50

pH

/ 7-75 3.8-9.5

Clinically
important
serotypes

S.typh &
S. paratyphi
Usually from

carriers

Enteric fever(typhoid)
only in human but not
part of normal flora

I_l

S.choleraesuis

Following oral
infection

Bacteremia &

extraintestinal

disease

Lecturer Hiba ALL Hilal

S. typhimurium
S. enteritidis

Contaminated
egg or meat

Salmonellosis

(Food poisoning)
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+ pathogenicity of Salmonella spp.:

® Enteric fever, one of the foremost bacterial

infections worldwide, is a common infection

in regions with poor economic development

and with a limited public health

infrastructure.

Typhoid fever

The World Health Organization (WHO)

describes Salmonella as one of the four most

important causes of diarrhea worldwide.

4+ Salmonella Sources, Reservoirs,
Transmission

® The sources of Salmonella infection include:

Poultry and poultry products, which are

considered the primary source

of Salmonella infection in humans.

»
»

and

®» Meat contamination occurs generally as a
result of improper handling of the infected
organs, such as the gut and liver, during
carcass processing

+ Genus shigella : Gram-negative, facultative
anaerobes belong to Enterobacteraceae family .

1. Slender gram-negative, Non motile rods

2. Facultative anaerobes

3. All shigellae ferment glucose with the (exception of
Shigella sonnei) without gas production.

4. Grow on MacConkey's agar, non lactose fermenter

5. The natural habitat of shigellae is limited to the intestinal
tracts of humans and other primates, where they produce
bacillary dysentery.

SHIGELLA — FACULTATIVE ANAEROBE

% NON-LACTOSE FERMENTER
* UREASE % OXIDASE-NEGATIVE
* NO HYDROGEN SULFIDE GAS "\

MACCONKEY AGAR

K NO FLAGELLUM

¥ NO SPORES

Third Grade / First Semester
Pathogenic Bacteria / Practical

Biofilm mediated transmission of Salmonella typhi

Bacterial
components

1, Flagella

2. Outer membme
protein C

3, extracellulor
polymeric substance

(EPS)
Curhi

0 antigen

Environmental
factors

< 1.Bile
2. Bile mediated
oxidative stress
3, Gallstone

Induce biofilm
formation

\
Aid 10 biofilm
, [ formation

and biofim
for k ,lul

arm

AI—,”’
'3‘.) o\

) Y"":’;‘g

Shigella under electronic
microscope
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= Laboratory diagnosis

1. Specimens

A -Salmonella specimens: according to disease.

* Gastroenteritis » Stool
2 Bacteremia > Blood (during high fever)

* Enteric fever * Blood (+ve in the 1 st week of disease)
* Stool (+ve from 2nd week on; -ve earlier in disease)
* Serum (+ve 2nd & 3rd week)

B. Shigella specimens 5  Freshstool, mUCUS or rectal swabs for culture

2. Culture media / (Differential & selective) Media:

A MacConkey's agar: non-lactose fermentor . at 37C for 24-48h

Salmonella

On MacConkey agar

B. S.S. agar (salmonella ,shigella agar): This

medium both selective & differential medium

L4 Selective because of bile salt & brilliant green
inhibit G+ve and G-ve other than
Enterobacteriaceae

B Differential : because it contain lactose,
Salmonella & Shigella non lactose fermenter,
colorless colonies

® Salmonella produce H2S (black colonies)

B Other G-ve appear red colonies.

Lecturer Hiba ALL Hilal
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Shigella on XLD. Salmonella on XLD.

Salmonelfa Shigella

3- Gram staining : both salmonella & shigella are gram negative rods .

Salmonella Shigella } ) q

¥‘7

.

@ --s

.

A. TSI agar (triple sugar iron): results are read as follow:

» Shigella alk / acid —gas —-H2S

_: Bacteria ferment only glucose

with acid produced the butt will be yellow (acidic), the slant

(surface) (alkaline) red (the bacteria are not capable of utilizing Salmonella Shigella
the other two sugars will switch to peptones present in the

medium and splitting it to amino acids and then to ammonia as

end product). If H2S produced by bacteria it will bind iron with

black color of the butt which can mask the yellow butt.

Slant/ butt - or + gas , - or + H2S
PISalfeRellaTAIKIAGIAIRIGas, +H2S The black color in the
tube indicates the production of H2S.
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B. IMVIC test:

Bacteria Indole Methyl red Vogues Citrate
proskour utilization
Salmonella -ve +ve -ve +ve

Shigella + +ve - ve

8 T R

Salmonella

IMVIC TEST Shigella IMViC
TEST

5. Serologic methods:

* If(H) Ab titer>1:160 _5,  Past immunization or past infection.

The Widal Test is a serological test used to diagnose typhoid fever, a bacterial infection caused by
Salmonella typhi.

The test detects the presence of antibodies in the blood that are produced in response to the bacteria
that cause typhoid fever.

The Widal Test can be used to confirm a suspected diagnosis of typhoid fever based on a patient's
symptoms and other laboratory tests.

This test is based on the agglutination, where the antibodies in the blood clump together with the
bacterial antigens in a visible reaction that can be detected in a laboratory.

Serum agglutinins rise sharply during the second and third weeks of salmonella infection. At least two
serum specimens, obtained at intervals of 7-10 days, are needed to prove a rise in antibody titer. Serial
(twofold) dilutions of unknown serum are tested against antigens from representative salmonellae. The
results are interpreted as follows:

If (O) Ab titer = 1:160 = Active Infection.
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« If (Vi) Ab titer > 1:80 =» Carrier.

WIDAL TEST

Anti-

S.typhi © Sayphi H

Anti-

Sparatyphi A Sparatyphi B

By semisolid agar

2 Salmonella (motile)
> Shigella (non motile)
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Lab 7 Gram positive Bacilli (genus clostridia) :

+ Clostridium is G+ve, obligate anaerobic spore-forming bacilli.

Clostridium is an anaerobic pathogenic bacterium that is primarily found
in soil and animal intestinal tracts. Four main species responsible for
disease in humans:
Clostridium perfrigens;
Gram +ve, non-motile, obligate anaerobe, spore-forming, capsulated in
tissues or young cultures, rounded end bacilli.
Spores are oval, central or subterminal, not bulging.
The strains that produce more spores produce less toxins, and vice versa.
Grow best on media containing carbohydrates such as; glucose agar, or
glucose blood agar.
Spores of type A ( of types A-F) resist boiling for few minutes, while
strains of food poisoning resist boiling for 1-3 hours. Other strains can
resist boiling for several hours.

Produce narrow zone of complete hemolysis (theta toxin), while a-
toxin produce a wide zone of hemolysis.
Direct smear from deeper parts of the wound may show 3 types of
Clostridia;
C. perfringens; thick Gram +ve bacilli
C. septicum; citron bodies, boat-shape, pleomorphic, with irregular
staining.
C. novyi; Large bacilli, with oval sub terminal spores.

Morphology of

Clostridium perfringens .

\

(p
|\
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Third Grade / First Semester
Pathogenic Bacteria / Practical




University of Diyala Third Grade / First Semester
College of Science Pathogenic Bacteria / Practical
Department of biotechnology

tetanus toxin Glycine
revents

:)elease of o and GABA

glycine < NG axon terminal

and GABA, —Ya =

which ‘.'x\ 5

prevents Yl acetylcholine

relaxation | - - <= = 5

of muscles - 2% (5 o= L vesicle

‘Drum St|ck’ or cytoplasm of muscle cell £ocapiox

‘Tennis Racket’ appearance

Mechanism of Tetanus Toxin

~ Glostridium tetani

OplSthOl’lUS microbeonline

Clostridium botulinum; v &l
Rod-shaped, single or in pairs or in chains Spores
are oval, subterminal, bulging Spores formed best
in sugar-free medium.

Motile with 4-8 peritrichous flagella Form large
irregular, glistening colonies with fimbriated
border.

Meat is digested in cooked meat medium with
putrid odour.

Spores are destroyed at 1800C, and in dry heat for

C. difficile which overgrows during antibiotic
therapy, also may lead to pseudomembrane colitis.
Clostridium spp. could be divided into;
1. Saccharolytic organisms; C. perfringens, ferments
carbohydrates, produces acid and gas

2. Proteolytic organisms; C. tetani, digest proteins
with blackening and bad smell production.

3. Mixed saccharolytic & proteolytic; certain groups
of C. botulinum.
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+ Pathogenicity :

» (C. perfringens: secretes a variety of exotoxins, enterotoxins, and

hydrolytic enzymes that facilitate the disease process.

A. Exotoxins: C. perfringens secretes at least 12 exotoxins. The most
important of these required for virulence in tissue, is alpha toxin.
Alpha toxin is a lecithinase that degrades lecithin in mammalian cell
membranes, causing lysis of endothelial cells, as well as RBC, WBC
and platelets.

. Enterotoxin: a small protein, acts in the lower portion of the small
intestine, and causes loss of fluid and intracellular proteins.

. Degradative enzymes: it is produces of hydrolytic enzymes,
including proteases, DNases, hyaluronidase, and collagenases,
which liquefy tissue and promote the spread of infection.
Myonecrosis (gas gangrene): Clostridial spores are introduced into
tissue, for example, by contamination with infected soil, or by
endogenous transfer from the intestinal tract. Severe and open
wounds are a prime predisposing condition. Alpha toxin and other
exotoxins are secreted and extensive cell killing follow (ensues).
Production of enzymes that break down ground substance facilitates
the spread of infection.

Figures (A&B) show gas gangrene
caused by C. perfringens

Clostridium botulinum Clostridium tetani

causes flaccid paralysis.
affected the neurons of PNS

causes spastic paralysis
Tetanus exotoxin, called
(A&B)

The A fragment blocks neurotransmitter

tetanospasmin

The botulinum toxin constitute a set of

proteins whose neurotoxicity arises from
proteolytic cleavage of specific synaptic
vesicle peptides, causing subsequent failure
of neurotransmission. botulinum toxins
affect peripheral cholinergic synapses by
blocking the neuromuscular junction and
inhibiting release of the neurotransmitter,
acetylcholine, preventing contraction and
causing flaccid paralysis.

release at inhibitory synapses, and thus causes
severe, prolonged muscle spasms. The A
fragment has been shown to be a protease; it
cleaves a small synaptic vesicle protein
(synaptobrevin) and prevent the flow of
inhibitory neurotransmitters. tetanus toxin,
which causes contraction (spasms)

Table 1 main differences between Clostridium tetani & Clostridium botulinum
Pathogenicity
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L+ Laboratory diagnosis :
1. Specimen; Wound, food, stool.

2. Culture media : (cultre media should incubate in anaerobic
conditions

» Blood agar, most clostridia produce flat, gray, spreading colonies
somewhat resembling those of Bacillus sp. They are also usually
hemolytic. Clostridium perfringens produces raised, entire colonies
with double zone hemolysis, the complete zone round the colony is due
to theta toxin, and the wider zone around it is due to alpha toxin.

» Robertson’s medium (cooked meat medium); Cooked Meat
Medium provides a favorable environment for the growth of anaerobes,
since the muscle protein in the heart tissue granules is a source of
amino acids and other nutrients. The muscle tissue also provides
reducing substances, particularly glutathione, which permits the growth
of strict anaerobes. The sulfhydryl groups, which exert the reducing
effect, are more available in denatured protein; therefore, the meat
particles are cooked for use in the medium. Cooked Meat Medium is
still widely used for the cultivation and maintenance of clostridia and
for determining proteolytic activity of anaerobes. On Robertson's
cooked meat medium — blackening of meat will be observed with the
production of  H2S and NH3 (in the case of C. tetani).

= Brewer Thioglycollate IMEiUmM ™ contains highly nutritious

proteose peptone and beef infusion which support the growth of
fastidious bacteria. Sodium thioglycollate helps to create anaerobic
conditions. Methylene blue indicates oxygen content of the medium by
exhibiting a bluish-green color of the medium in the presence of
oxygen. Brewer's anaerobic jar is used for growing bacteria under
anaerobic condition.

Growth Pattern in Thioglycollate Medium

Third Grade / First Semester
Pathogenic Bacteria / Practical

A&B colonies of C. tetani on blood
agar

. i
2 ) . ,
2 !

Cooked Meat Medium Tubes
(Growth & gas produced are
evident). Gas produced lifted the
cooked meat particles to the surface

E. coli Miaococcusluteus  Clostridium sp orogenes
Facultative
Anaerobic Microaerophile Strict anaerobic

3. Gram staining : G+ve rods with
spore site according to spp
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4-  Biochemical tests; stormy  fermentation
In anaerobically-grown Litmus Milk cultures, enzymes of C.
perfringens will attack the proteins and carbohydrates of the
milk producing a "stormy fermentation" with acid production
(the indicator, litmus turns pink), clotting of milk proteins, and
gas formation.

5- Serology test; Nagler's reaction for the detection of
lecithinase activity; A test for the identification of alpha toxin of
Clostridium perfringens; the addition of antitoxin to cultures on
egg yolk agar prevents visible opacity, due to lecithinase action
which is normally observed around colonies. An egg-yolk plate
is divided into two halves. Over one half is spread with a specific
antitoxin. The culture to be tested, together with a positive
control is streaked across the plate, going from the untreated area
of the plate to the area that is covered with antitoxin. The culture
is then incubated anaerobically. Following incubation,
lecithinase activity, caused by the action of the Clostridium
perfringens a-toxin is seen as a precipitate in the medium on the
side of the plate that did not receive the antitoxin, but not on the
side that was treated.

Lecithinase activity of C. perfringens in Egg Yolk Agar

Third Grade / First Semester
Pathogenic Bacteria / Practical

Unincculated tube Inocuiated with C. perfringens

Litmus milk test with ‘stormy clot reaction’

O oardrirFerys

C Bofirfirziiiay
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[ Clostridium
C. Difficile C. Tetani ‘3“
-

« Coumis e TETANUS

- Assoc. W/ ANTIBIOTIC USE
- SpASTIC PARALYSIS

- OpPISTHOTONOS

ERVTHEMATOUS
MUCOSA & PLAQUES.

C. Perfringens C. Botulinum
e SOFT TISSUE INFECTIONS « BotuLism

MvosiTis @

MvYONECROSIS

“" n
GAS GANGRENE DESCENDING

(= FLACCID
a ﬂ PARALYSIS

- Foop pouso~% RESPIRATORY
FAILURE

Medical science mastery, simplified. ditk

B

Fiopp
Bab

HIGH BLOOD
PRESSURE

. /\ [
; |" =N @
» ‘

LOCKJAW SWEATING DIFFICULTY
SWALLOWING

Clinical symptoms of tetanus
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Lab8 : Genus Pseudomonas :

4 Genus Pseudomonas: Pseudomonas spp. Are gram negative rods

aerobic widely distributed and play relevant ecological roles, with
biotechnological applications; several species are commensal or
pathogenic to humans, animals and plants. The
genus Pseudomonas contains more than 140 species, most of which are
saprophytic. More than 25 species are associated with humans. Most
pseudomonads known to cause disease in humans are associated with
opportunistic infections. These include P aeruginosa, P fluorescens
and others. The nonfastidious growth requirements
of Pseudomonas allow a wide distribution in nature. They may be part
of normal human flora but are predominantly isolated as a result of
nosocomial opportunistic infection. It is a ubiquitous free-living
bacterium and is found in most moist environments. Although it
seldom causes disease in healthy individuals, it is a major threat to
hospitalized patients, particularly those with serious underlying
diseases such as cancer and burns. The high mortality associated with
these infections is due to a combination of weakened host defenses,
bacterial resistance to antibiotics, and the production of extracellular

bacterial enzymes and toxins.
Pseudomonas aeruginosa can resist

high concentrations of salt, dyes, weak antiseptics, and many
commonly used antibiotics. Most pseudomonads known to cause
disease in  humans are associated with  opportunistic
infections. Pseudomonas aeruginosa and Pseudomonas

maltophila are mostly responsible for disease conditions.

This opportunistic pathogen may infect virtually any tissue. Infection is
facilitated by the presence of an underlying disease. It is a major threat to
hospitalized patients, particularly those with serious underlying diseases
such as cancer and burns (burning causes breakdown of nonspecific host
defenses).

® Sites of infection by P. aeruginosa

1
2
3.
4

Central nervous system infections
Localized infections of the ear and sinus
Skin and musculoskeletal tissues, burn wounds, surgical wounds

Respiratory tract: chronic infections in cystic fibrosis patients,
acute pneumonia in other patients.

Lecturer Hiba ALL Hilal
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PSEUDOMONAS AERUGINOSA
¥ GRAM-NEGATIVE BACTERIVM % MULTI-DRUG RESISTANCE
% ABUNDANT in the ENVIRONMENT |

* OPPORTUNISTIGALLY INFECT ekl
HIGH-RISK INDIVIDUALS

-
5. Bacteremia

6. Endocarditis

7. Urinary tract infections



https://www.sciencedirect.com/topics/medicine-and-dentistry/opportunistic-infection
https://microbeonline.com/most-common-cause-of-bacteremia-and-fungemia/
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®» Laboratory diagnosis of P. aeruginosa :
1. Samples —> urine, pus, blood, ear swabs, tissue biopsies, body
fluids, etc.

_nutrient agar ———— produce greenish-blue pigment

called pyoeyanin

Differential media :

MacConkey agar ——— > non lactose fermenter

Simon citrate agar ———> utilize citrate as a source of energy and

turned media color — from green to blue .
_Colonies of Pseudomonas spp. appear

as intense blue-green, providing rapid and reliable visual identification—

even in mixed cultures. i
- Pseudomonas agar: The presence of blue-green or brown pigmentation B l\;acConkey agar

may be considered as presumptive evidence

of P. aeruginosa, Alteromonas spp. may form brown or pink colonies on

the medium.

£ Cetrimide isolation agar: colonies are typically shiny, opaque, and

greenish-yellow, while the medium around them turns light blue due to the
production of pigments like pyocyanin and pyoverdine.

Colonies of P. aeruginosa
on Pseudomonas agar

Chrome agar

citrate
positive

ginosa on Cetrimid Incubation of P. aeruginosa ATCC® 27853 Simmon citrate agar

Source: Wikipedia for 48 hours on Cetrimide agar.

Source: Biomerieux
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3. Gram stain: Pseudomonas aeruginosais a Gram-negative rod
measuring 0.5 to 0.8 um by 1.5 to 3.0 um.

» Pseudomonas  aeruginosa is often preliminarily  identified by
its typical odor in vitro. The smell is described as grape-like, tortilla-
like, or “Philadelphus coronarius-like” (production
of aminoacetophenone).

> Catalase-positive

» Rapid  oxidase-positive
luteola and P. oryzihabitans)
» Motile by means of one or more polar flagella.

within 10 seconds (exception P.

» It is not an active fermenter of carbohydrates and produces acid,
but no gas, in glucose and is lactose-negative. Alkaline slant/alkaline
deep (K/K) reaction in_ TSI or KIA agar.

» Few strains of P. aeruginosa secret a variety
of pigments, including pyocyanin (blue-green), pyoverdine (yellow-
green and fluorescent), pyomelanin (brown to black),
and pyorubin (red-brown).

» Can grow in temperatures up to 42°C.The combination of
pyocyanin production and the ability to grow at 42°C is sufficient to
distinguish P.aeruginosa from other Pseudomonas spp.
(e.g., P.fluorescens, P.putida, P.stutzeri, P.putrefaciens).

» HEMOIYSIS test S On blood agar, Pseudomonas aeruginosa typically
appears as large, gray-white colonies with a distinctive metallic

sheenand irregular margins. These colonies are often p-
hemolytic (causing a clearing of the red blood cells) and can
produce diffusible pigments (like pyocyanin, which is blue-green), which
may be more visible on other media. A "'grape-like'" or fruity odor is
also a characteristic feature due to the production of aminoacetophenone.
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Pseudomonas aeruginosa growing
on sheep blood agar at 37 °C
after 24 h (A, C, E, F) and 48 h
B, D, G, H, I, J).P.
aeruginosa strains are frequently
haemolytic (B, D, G, J; reflected
+ transmitted light). This species
gives rise to a variety of colony
types. Most of the colonies are
glanzing, but varying grades of
roughness may occur. Figure |
shows an image of colonies with a
“beaten-copper“ surface and
slightly irregular edge.



https://microbeonline.com/triple-sugar-iron-agar-tsi-principle-procedure-and-interpretation/
https://microbeonline.com/kliglers-iron-agar-kia-principle-procedure-and-results/
https://microbeonline.com/pathogenic-microbes-characteristics-pigments-production/
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Biochemical Test of Pseudomonas aeruginosa

urea

citrate

]

after zing

>  [Antibiotic™"resistant  Pseudomonas

aeruginosa is intrinsically resistant to a variety
of antimicrobials and can develop resistance
during anti-pseudomonal chemotherapy both of
which compromise treatment of infections
caused by this organism. Resistance to multiple
classes of antimicrobials (multidrug resistance)
in particular is increasingly common inP.
aeruginosa. Some types of multidrug-resistant
(MDR) .

P aeruginosa are resistant to nearly all
antibiotics, including carbapenems. P.
aeruginosa carry a mobile genetic element that
makes a carbapenemase enzyme. This enzyme
makes carbapenem antibiotics ineffective.
Mobile genetic elements are easily shared
between bacteria, rapidly spreading resistance
that destroys these important drugs.
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Characteristics Pseudomonas
aeruginosa

Gram Staining Negative
Shape (Cocci/Diplococci/Rods) Rods

Motility (Motile / Non-Motile) Motile (Unipolar)
Catalase Positive (+ve)

Oxidase Positive (+ve)
MR Negative (-ve)

VP Negative (-ve)
Indole Negative (-ve)

Citrate Positive (+ve)
Urease Negative (-ve)

H2S Negative (-ve)
Gas Positive (+ve)- From
Nitrate
Pigment Positive (+ve)
Cetrimide Test Positive (+ve)

DNase -

Lactose Negative (-ve)
Mannitol Positive (+ve)
Hemolysis B

Pseudomonas aruginosa:
[}

Kirby-Bauer Antimicrobial
Susceptibility Test

Amoxicilin (AMC)
Cephalothin (CF)
Chioramphenicol (C)
Clprofioxacin (CIP)
Clindamycin (CC)
Erythromycin (E)
Oxacillin (OX)
Penicillin G (P) s.aureus

other
Streptomycin (S)
Tetracycline (TE) <=14
Tobramycin (TM) <=12

Trimethoprim sulfa(SXT)<=10

Lecturer Hiba ALL Hilal



https://microbiologyinfo.com/gram-staining-principle-procedure-interpretation-examples-and-animation/
https://microbiologyinfo.com/catalase-test-principle-uses-procedure-result-interpretation-with-precautions/
https://microbiologyinfo.com/oxidase-test-principle-uses-procedure-types-result-interpretation-examples-and-limitations/
https://microbiologyinfo.com/methyl-red-mr-test-principle-procedure-and-result-interpretation/
https://microbiologyinfo.com/voges-proskauer-vp-test-principle-reagents-procedure-and-result/
https://microbiologyinfo.com/indole-test-principle-reagents-procedure-result-interpretation-and-limitations/
https://microbiologyinfo.com/citrate-utilization-test-principle-media-procedure-and-result/
https://microbiologyinfo.com/urease-test-principle-media-procedure-and-result/
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Lab 9: Vibrio cholera :

+ Genus vibrio : There are more than 35 species recognized for the
genus vibrio, only 12 of them are responsible for human infection
(gastrointestinal and extra-intestinal infections).

+ Vibrio cholera:

B is the most medically important species which is responsible for the
cholera disease

® | They are Gram-negative curved rods

B aerobic with a wide distribution in the nature (Found in marine and
surface waters)

B Actively motile using polar flagellum.

Vibrio cholerae

B The organisms produce an enterotoxin that lead to cause cholera (@ =i iy i e ot

which is a watery diarrhea that can rapidly led to dehydration and -
even death if it is not treated) :
B Only two serogroups (01 and 0139) cause cholera in human
B Other serogroups (more than 200 ) may cause enteritis and sepsis
B Other species that can cause infection to human :

V. parahaemolyticus, V. vulnificus, V. minicus and V. alginolyticus.

1 Specimens? —————> Stool, rarely vomit.
2. Culture media:

a Transport media :

£ Sea salt medium

£ Alkalin peptone water enrichment broth

b.ISelective media =——— TCBS (Thiosulfate citrate bile
salt sucrose medium).

» Indicator — bromothymol blue .Control is green

Vibrio cholerae on TCBS Agar
( prepared as plates ) .

P After inoculation with suspected bacteria and a 18 to 24 hours’
incubation at 35° to 37°C on TCBS agar, colonies of V. cholerae
will appear as yellow, shiny colonies, 2 to 4 mm in diameter.

» The yellow color is caused by the fermentation of sucrose in
the medium. Sucrose-non-fermenting organisms, such as

V. parahaemolyticus, produce green to blue-green colonies.

3. Staining: Gram negative bacilli or comma shaped.

Lecturer Hiba ALL Hilal

Vibrio parahaemolyticus on TCBS Agar
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e e Gram stain
(magnificencex1000)
colonial
morphology of
non-O1, non-O139
V. cholerae grown
on Trypticase-Soy
agar after 18 h of
aerobic incubation
at35°C

4. Biochemical tests:

» Vibrio cholerae appears as a late lactose fermenter Oxidase
Methyl red

Indole
» Urease —ve Urease -
Simmon's citrate +
Glucose and lactose *A/K, (no gas/no H,S)
»TSI; Aork/A Fermentation on KIA
> Gas _ve, H2S —ve Voges-Proskauer test +
Growth in 1% NaCl +
> IMVIC test result : *A: Acid, K: Alkaline, KIA: Kligler Iron Agar

1 1
| | d

Vibrio
cholerae

» Motile

» Oxidase +ve

Bacteria HZ2S Butt Slant
sSpPpP-

Vibrio Aocid A(:lcl
cholerae

PN lkal ine

» Kligler iron agar: Acid / Alk, no gas, no H2S,
Oxidase test : positive. Peptone water: Indol positive (red
ring). Urea: negative. Simmon citrate: Positive. Semi
solid mannitol: Motile. Mannitol ferment

Lecturer Hiba ALL Hilal
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Dipstick Test

‘i psitive

- JE = N Nutrienagar
Br S T o, | “Oxidase test: Positive = R
Vibrio cholerae =2 ;Ut 'atehf be°°';‘es clear 5 String test: Can be used to separate Vibrio
g . k t i t -
'S"J:'rzgll‘;‘z:'g;'ye: o 2ET 8% 0 cholerae from  Aeromonas  spp.  (organism  are
zone of greening [ emulsified in 0. 5% sodium deoxcholate which lyses
R - the vibrio cells. but not those Aeromonas spp. Within
- 60 sec the cells lyse (loss of turbidity) and DNA
% strings when a loopful is lifted (up to 2 to 3 cm) from

\ the slide . positive V. cholerae string test

Blood agar

References
Required Texts Lippincott’s llustrated Reviews - Microbiology (Thao
Doan, Roger Melvold)

Jawetz, Melnick and Adellberg’s. (2011). Textbook of Medical
Microbiology.26th EdiCon.

Recommended Texts

Websites https://www.microbiologybook.org/book/immunol-sta.htm
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4+ Neisseria spp. :These organisms are named in honor of Dr. Albert Neisser who in 1879
discovered the organism-causing gonorrhea.

4+ Morphology : Gram negative Diplococci Kidney shape with flat opposing edge Oxidase
+ve.

P PATHOGENIC:

N. gonorrhoea (gonococci, G.C) =—————>» Gonorrhoeae.

. meningitidis (meningococci) =2 Meningitis.

Z

w

NON PATHOGENIC : N. Catarrhalis Normal flora of upper respiratory tract

+ General characters :

» Aerobic to facultatively anaerobic Gram-ve
coccli

» Arrange in pairs (diplococci) with adjacent sides
flattened (like coffee beans)

» Neisseria meningitidis is encapsulated whereas

Neisseria gonorrhea is not

Table (10-1) Huma.m infections caused by Neisseria
. species

Neisseria gonorrhoeae Gonorrhea, disseminated gonococcal
infections, ophthalmia neonatorum;
and other gonococcal diseases: anorectal
gonorrhea, gonococcal pharyngitis,
and acute perihepatitis

Neisseria meningitidis Meningitis and meningococcemia; other
meningococcal diseases: meningococcal
pneumonia, septic arthritis, purulent
pericarditis, and endophthalmitis

Other Neisseria species Opportunistic infections

Ve e a el el el e el el el el el el el el ol ol ol ol o o o o N o o o o e o o o ol ol el ol e el eV o e e e e el el el el
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1. Neisseria gonorrhoeae (gonococcus) :

» Very delicate and fastidious, requiring increased
carbon dioxide tension (3% t010%) for
cultivation.

» Narrow optimal temperature range, between 35°
and 37°C and fails to grow much above or below
these temperatures.

» It may remain viable in dried pus for several
weeks.

<+ Lab. Diagnosis:

Swab sample: A swab sample from the part of the
body likely to be infected (cervix, urethra, penis,
rectum, or throat) can be sent to a lab for testing:

1-Gram stain: A sample from the urethra or a cervix

a
is placed on a slide and stained with Gram stain . The $
cells appear as Gram negative cocci form masses g ‘*’ ¢
with adjacent cells (i.e. in diploid forms), having a ‘e s & @ ';-‘J'J v’ S
coffee bean-shape, or Kidney-shape. These cells are ey e 1297
seen intracellularly (inside polymorphonuclear  * "% " N ‘v H
|€UCOCWIES), or extracel IuIarIy. Gram’s staining slide for urethral discharge

2-Urine test: Gonorrhoea in the cervix or urethra can also be diagnosed with a urine sample
sent to a lab.

3- Oxidase Test: It is a hallmark test for the Positive Negative
Neisseria. The oxidase test determines the ¢ (

presence or absence of cytochrome C. Organisms :
containing cytochrome C as part of their
respiratory chain are Oxidase positive and turn the
reagent purple; organisms lacking cytochrome C
as part of their respiratory chain do not oxidize the
reagent, leaving it colorless within the time limits
of the test, and are oxidase negative.

Ve e e el el el e el el el el el ol el al el al al el al e e e o e o o o oV o ol ol el ol o ol el el oV oV o e e e o el ol el el
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Chocolate Agar

4- Culture media

A. Selective media for Neisseria:
P Thayer Martin Medium (TM) :

. |
( Chocolate agar + Enrichment element
+Antibiotics :

1. Colistin (against G — ve rods)
2. Vancomycin (against G + ve)
3. Nystatin (against fungi)

» Modified Thayer Martin: {same as
TM + Trimethoprim (against G —ve
especially swarming proteus)}

Non — pathogenic = not fastidious => can grow on nutrient media.

gonococci phagocytosed
by polymorphonuclear
leukocytes (PMN's)

BIOCHEMICAL TESTS FOR
Neisseria gonorrhoeae

neg.
contr. GLI ML FRU sUC GGl I'RB SPS POSITIVE OXIDASE TEST

\'
‘ A
é . \
¢

Neisseria gonorrhoeae
cultivation 48 howrs, 37°C, 5% CO,

Ve e e el el el e el el el el el el el el ol ol ol o o ol o aN o o o o o o o o ol el el ol e el el oV oV o e e e o el ol el el
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B. Candle jar 5%C0O2 : The Candle
flame will consume most of the oxygenin
the jar producing an elevated level of
Carbon Dioxide

Candle jar

2. Neisseria meningitidis (Meningococcus): Meningococcus is similar to the gonococcus in
morphology and staining reactions.

Neisseria meningitidis is:

P Gram-negative

P diplococcal bacterium

P fastidious in growth requirements and may be
cultivated on blood agar or chocolate agar on

which it develops relatively large, gray, smooth,
raised colonies.

A e e e el el el el el el el oV oV oV oV X oV e ol el el al el

P No hemolysis is produced on blood agar.

+ Neisseria meningitidis is the Causative agent of & %

and bacterial endocarditis. It is an obligate " 3

human pathogen.
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<+ Diagnosis:

A. Specimen: The gold standard of diagnosis is isolation of N. meningitidis from sterile body
fluid. Blood, CSF specimen is sent to the laboratory immediately for identification of the

organism. It may be isolated from nasopharynx, joint fluid, and from petechiae of the skin.

1. Gram stain: show adjacent coffee bean-shape, Gram negative cells (diplococci) with
flattened surfaces facing each other.

2. Culture: culturing the organism on Thayer-Martin agar.

3. Oxidase test: (all Neisseria show a positive reaction)

4. Sugar fermentation tests: important in differentiation between Neisseria spp.

P Carbohydrates; maltose, sucrose, and glucose test in which N. meningitidis will utilize

the glucose and maltose.

Figure: HISS Medium (CTA +
Serum + Sugar + Indicator (Phenol
Red)

Result of suger fermentation test
4 development

of a yellow color change in the
inoculated area (stab line) of the
medium.

» Negative reaction: a red-pink or
deep red color in the medium.
Growth with a deep red to orange
color in the medium indicates
that the carbohydrate has not
been utilized and that peptone
degradation has occurred.

LLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLALALL
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< 5. Cystine tryptic agar (CTA), also known as cystine trypticase agar: was developed by$

<\‘\‘\\\\\\\\\\\\\\\\N’\N’\N’\\\\\\\\\\‘\\‘\\‘\\‘\\‘\\‘\
S

2 Vera as a semi-solid growth medium used for the identification and maintenance ofé
<  microorganisms for extended periods when stored at appropriate temperatures. It is used forp
§ the detection of bacterial motility and, with added carbohydrates, it contributes tod
&  fermentation reactions and differentiation of fastidious microorganisms such as Neisseria, 2
2 pneumococci, streptococci, and non-spore-forming anaerobes. $
8 2
8 2
P 2
$ ¥ F 1 b g
3 ' 2
8 2
8 2
8 2
S 7 S 2
8 * 2
S = . ¢ ) R 1
S sS Wes a 5 2
2 Cystine Tryptone Agar (M159) $
< 1. Control 2
< 2. Neisseria gonorrhoeae ATCC 19424 2
S 3. Escherichia coli ATCC 25922 2
S 4. Neisseria meningitidis ATCC 13090 2
2 5. Streptococcus pneumoniae ATCC 6303 $
2 Basic Characteristics Properties (Neisseria gonorrhoeae) $
3 Capsule Negative (-ve) 4
< P gal 2
< Catalase Positive (+ve) 2
S Gas Negative (-ve) 2
§ Gram Staining Negative (-ve) $
< H2S Negative (-ve) 2
S Hemolysis Negative (-ve) 2
2 Nitrate Reduction Negative (-ve) 5
< QX|dase Posm\_/e (+ve) 2
S Pigment Negative (-ve) b4
§ Shape Diplococc 5
< Fermentation of 2
S 2
8 DNase Negative (-ve) 2
§ Fructose Negative (-ve) 5
S Glucose Positive (+ve) 2
z Lactose Negative (-ve) 5
$ASST. PROF. ZAINAB AMER HATEM LECTURER: HIBAALI HILAL £
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Maltose Negative (-ve)
Mannose Negative (-ve)
Sucrose Negative (-ve)

+ DIFFERENTIATION OF THE NEISSERIAE
Different Neisseria species can be identified by the sets of sugars from which they will

produce acid. For example, N. gonorrhea makes acid from only glucose, however N.

meningitidis produces acid from both glucose and maltose.

Neisseriae Growth Characteristics Sugar fermentation

Glucose | Maltose | Sucrose | Lactose

Growth on enriched media
at 37°Cin CO2 jar

N. Gonorrhea |- colonies similar to N.
meningitides, but smaller
and grayish white + - - -

- Growth on enriched
media at 37°C in CO2
jar

- colonies smooth - -
glistening, translucent,
soft, or bluish gray

N. meningitidis

6. Srology: determines the group of the isolated organism. If the organism reaches the

circulation, then blood cultures should be drawn and processed accordingly.

\‘

. PCR polymerase chain reaction: tests can be used to identify the organism even after

antibiotics have begun to reduce the infection.

Note about polysaccharide capsule: N. meningitides has a polysaccharide capsule
that surrounds the outer membrane of the bacterium. for the bacteria

e
NN NN
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