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1- to Know the important steps in specimen collection and transport to the lab.

2. How to process urine Specimens in the lab.
— Urine microbiological and biochemical analysis.
— Organisms culture and identification.
— Antibiotic susceptibility testing.
— Results interoperation.
3.  Know the clinically important etiological Organisms associated with UTI, their identification and susceptibility testing.
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3- the microorganism microorganisms and their culture + stain + groth .. s 195,

4- Antimicrobial Susceptibility Testing (Cmrad) (385304 )



Important aspects of Microbiologic Examination of UTI:

 Urine collection

* Urine analysis
* Interpretation of microbiology

* |aboratory result



1- Urine collection

Types of specimens:

Midstream urine (MSU):

* The urine collected in a wide mouthed container
from patients a mid stream specimen is the most
ideal for processing

* Female patients pass urine with a labia separated
and mid stream sample is collected

g

Adhesive bag

Suprapubic aspiration
(for children)

Clean catch

Catheter sample: (used with elderly)

e Urine specimens for laboratory investigations can
be collected from catheterized patients as shown
(left). The second port is for putting fluids into
the bladder (right).

e Urine from the drainage bag should not be
tested because it may have been standing for
several hours.
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1- Urine collection

Transport media

) ) Dip slide (one side is Cled
Sterile urine media and the other is

container MacConkey agar or
blood agar)




2- Urine processing

SPECIMEN PROCESSING:

B-Culture and C-Antimicrobial D-Results

identification (ID) Susseeespjc’;:]kgllty interpretation

A-Urine analysis

Microbiological

Biochemical



2- Urine processing | urine analysis is subdivided into biochemical and microbiological testing:

A- Urine analysis

Biochemical . . .
- Microbiological
(dipstick)
leukocyte esterase Microscopic Macroscopic
(next slide)
Microbiological Physical (with naked
Nitrate test (next slide) (Microscopic Urine Examination (wer eyes)
MOUNT)) Macroscopic:
. - [ )
Microscopic: Color +(blood)
n A- Cell-counting chamber (WBC,RBC) * Odor _
e Turbidity
B-Parasite (Ovum, Trichomonas, Yeast
Glucose ( ’ ’ ) i l I
C- Casts - B
Bilirubin PSS
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2- Urine processing}

Testing for UTI:

o Midstream clean catch with dipstick analysis:

It is negative in case of gram positive bacteria
* Nitrite possitvie - for gram-negative bacteria which can convert nitrate

v’ to nitrite (sensitivity 92-100%, low specificity);
v’ false negative with bacteria that do not reduce nitrate
v’ gram-positive bacteria
v’ excess dietary Vitamin C

* Leukocyte esterase + - indicates presence of white blood cells,

v’ (sensitivity 75-95%, specificity 94-98%)—
v" Dipstick results may be affected by medications/dyes, ie pyridium, nitrofurantoin,
metronidazole, bilirubin, methylene blue, Vitamin B complex



2 Urine processing B- CULTURE AND IDENTIFICATION:

1- Culture media  2- Urine inoculation and reading of culture 3- Identification of cultured organisms

Culture media :

. \ y
1-Blood Agar 2-MacConkey Agar 3-CLED Agar

Selective culture medium, for

Enriched culture medium, for culturing Differential culture medium, showing both : : :
fastidious™ microorganism and observing the lactose and fermenting colonies. detecthn and |59Iat|on -
hemolytic reaction (Beta,Alpha,Gama). LFC = Pink alr of E. coli and coliform bacteria in

urine.

® ~

Useful for gram positive Useful for gram negative Useful for gram negative

appear same as

a
4

N}




[ 2- Urine processing J

Urine inoculation:
Labartory examination of urin

Quantitative (Colony counts):

1. aurine sample is streaked on surface
of Blood Agar plate and CLED agar /
McConkey agar with a special loop
calibrated to deliver a known volume.

' [Over night incubation }

2. Isolation of colonies, Biochemical tests,
Drug susceptibility test.

‘ ‘ [Over night incubation ]

results

Smi-Quantitative Culture of

Urine Sample

Loop charged with
approximately 1/300 ml
of urine

Inoculate plate
without flaming
loop between
strokes

Possnble results

<30 colonies 30 colonies >300 colonies
<10* organisms/mil 10? organisms/ml >10° organisms/ml
Not significant Doubtful significance Significant




2- Urine processing ] ID of cultured organisms

Quantitative (Colony counts):

We identify the causative agents by using
these methods :

. Biochemical tests
e  Type of hemolysis

. Serological tests




3-The Microorganism Only in Male’s slides

Organism Gram Stain Culture (colony) Oxidase
L i -

E.coli Negative bacilli = actose fermentative
(pink) Indole +

Lactose fermentative

Klebsiella .
(mucoid)
Lactose non- _
Proteus Negative bacilli / fermentative Urease +
(colorless)
Lactose non-
Pseudomonas Negative bacilli / fermentative +
(greenish)
o® Bile
_ N = . catalase coagulase | novabiocin :
S.saprophyticus | Cocci in clusters White (blood culture) Esculin

O

+ - R N/A

*** Gray (blood culture)

Enterococcus Cocci in chains OO ) N/A N/A +




3-The Microorganism

Bacteria

GRAM NEGATIVE
Escherichia coli

Klebsiella

Proteus

Other Enterobacteriaceae
(Enterobacter, Citrobacter....)

Pseudomonas aeruginosa

Etiological Agents of UTI:

Parasite

GRAM POSITIVE

Enterococcus
Staphylococcus
saprophyticus
Streptococcus agalactiae
(group B)

Staphylococcus aureusl
(Associated with
staphylococcemia)

Other
Candida albicans

Schistosoma haematobium

Tricomonas vaginalis



3-The Microorganism

Etiological Agents of UTI:

Causes of UTI's Outpatients Inpatients

(%) (%)

Escherichia coli 53-72 18-57

Coagulase negative 2-8 2-13

Staphylococcus

Klebsiella 6-12 6-15

Proteus 4-6 4-8

Morganella 3-4 5-6

Enterococcus 2-12 7-16

Staphylococcus 2 2-4

aureus

Staphylococcus 0-2 0.4

saprophyticus

Pseudomonas 0-4 1-11

Candida 3-8 2-26



3-The Microorganism

Complicated aetiology of UTI:

Escherichia coli 21-54
Klebsiella pneumoniae 1.9-17
Enterobacter species 1.9-9.6
Citrobacter species 4.7-6.1
Proteus mirabilis 0.9-9.6
Providencia species 18
Pseudomonas aeruginosa 2-19

Enterococci species 6.1 -23



{B—The Microorganism }

Staphylococci
Catalase +

Coagulase™ +

Staph. Aureus
Hematogenous
infection only

Coagulase -

Streptococci
Catalase -

Streptococcus (group B)
Enterococci

Staph. Saprophyticus
Staph. Epidermidis
Sexually active women
Childbearing age

*Coagulase test done only for staph.

Etiological Agents of UTI:

Enterobacteriaceae Non-Enterobacteriaceae

Nitrate +

Escherichia coli

Klebseilla Lactose fermentator & Capsulated
Proteus

Enterobacter

Citrobacter



3-The Microorganism

RODS

LACTOSE FERMENTATION (+)

TN

Urease(~) Urease(~)
Citrate(~) Citrate(+)
Escherichia Enterobacter
coli aerogenes

Urease(+)
Citrate(+)
Klebsiella
pneumonia

LACTOSE FERMENTATION

Oxidase(+)
SIM (=)

(+)

Oxidase(~)
SIM (+)

Pseudomonas Proteus

aeruginosa

vulgaris

GRAM-NEGATIVE

T TTT—

NO growth on Good growth
MacConkey agar on Blood,

good growth on Chocolate and
{:h-nclnlata agar McConkey agars

COCCl OR COCCOBACILLI

//'\\

MNiesseria sicca Haemophilus
NO growth on influenzae
Haemophilus Growth on
Ilsolation Agar Haemophilus

Isolation Agar

RODS

LACTOSE FERMENTATIOMN (+) LACTOSE ERMENTATION

(=)

I RN

Urease(—) Urease(-) Oxidase(+) DOxidasa{—)
Citrate{-=) Citrate(+) s5IM (=) SIM (+)
E=scherichia Enterobacter Pzeudomonas Proteus
coli aercogenes asruginosa wvulgaris
Urease{+)
Citrated{+)
Hilebsiella

pneumonia



3-The Microorganism }

Escherichia Coli

b Ry F ;'v“' =P GV
Morphology VRIS et 5

MacConkey agar
showing growth of
Lactose fermenter

Pink colonies

Culture \ &= &

Microscopic appearance Gram negative bacilli

s LFC
Indole
Identification  Reactions Test:
Positive u

*CLED= Cystine lactose electrolyte deficient agar.

CLED* agar showing growth of
Lactose fermenter yellow
colonies

**\/ideo



3-The Microorganism }

Klebseilla spp.

(Klebsiella pneumoniae)

I a3
‘h‘g\ "‘ é" " ?“\
Sigm . &

£ :
WS
Morphology Microscopic appearance Gram negative bacilli
'ﬂ MacConkey agar showing CLED agar showing growth
growth of Lactose of Lactose fermenter
Fermenter Mucoid Pink Mucoid yellow colonies
Culture colonies | EC f :
LFC a1
*Indole Reactions
Identification Test: Negative

tryptophan into the indole.



3-The Microorganism

Proteus spp.

Microscopic appearance Gram negative bacilli
Blood culture plate
Culture showing warm of
Proteus
Identification

CLED {cystine-lactose-

£z

electrolyte-deficient}
Proteus is * Urease
positive.

Inhibits The Proteus
Urease splits urea into
ammonia and alkalinizes

Swarming
the urine

with production of
— crystals.

APE 20 E test
*Urease test, is a rapid diagnostic test for diagnosis of Helicobacter pylori. The basis of the test’is the ability of H: pylorito
secrete the urease enzyme, which catalyzes the conversion of urea to ammonia and carbon dioxide.



3-The Microorganism ]

Pseudomonas spp

3 o e E . . . .
Morphology RTEAR O Microscopic appearance Gram negative bacilli

&

Nutrient Agar showing
growth of Pseudomonas
pigmentation

growth of Non-Lactose
Fermenter
Mucoid Pink colonies

LFC

Culture

— —
8 ( m .Ar\r\f\hr\/‘ O \ll

- (e SYNTVNNNEN |
|dentification G 5554,
= .‘opilzoe Bocodemonn Beriyinesa :-n&f.‘:.‘
*Oxidase positive test APE 20 E test

*The oxidase test is used to identify bacteria that produce cytochrome c oxidase, an enzyme of the bacterial electron transport
chain. (note: All bacteria that are oxidase positive are aerobic).



[ 3-The Microorganism ]

Three API 20E strips : ORI KIS Slees

Staphylococcus aureus Staphylococcus epidermidis
Golden colonies (yellowish) white colonies

-

e o e mo o son P g i fone o

il GAUPds el um S e we Yamy e

l"ufi W | ..‘ | B

da.mm.ulmmtu—-i s S s sonbmin e am Paue  ana

0

76 Three API 20E strips: (a) immediately after inoculation, (b) after 24 hours incubation, (c) that in
(b) after the addition of reagents to certain wells. The organism here is Escherichia coli. Here the first
carbohydrate well (glucose) is also used for the nitrate reduction test.

a.Immediately after inoculation

b.After 24 hours incubation

c.That in (b) after addition of reagents to certain wells.

The organisms here is Escherichia coli. Here the first carbohydrate
well (glucose).

is also used for the nitrate reduction test.

Staphylococcus spp.



3-The Microorganism

Tests explanation

NOVOBIOCIN TEST

Staphylococcus Staphylococcus
saprophyticus epidermidis
(resistant- (sensitive-
Novobiocin) Novobiocin )

COAGULASE TEST

CTOASGCGCUR . ASE
EST

LIS

h

INE{- S TITSE

Coagulase is a protein enzyme made by several
microorganisms that enables the conversion of
fibrinogen to fibrin. In the laboratory, it is used
to distinguish protein enzyme produced
between different types of Staphylococcus
isolates. Importantly, S. aureus is generally
coagulase-positive, meaning that coagulase
negativity usually excludes S. aureus. **extra

*Coagulase test is used to differentiate Staphylococcus aureus (positive) from Coagulase Negative Staphylococcus (CONS).
Coagulase is an enzyme produced by S. aureus that converts (soluble) fibrinogen in plasma to (insoluble) fibrin.




3-The Microorganism

Streptococcus
(group B)

staphylococci

Coagulase-
positive (Staph.
aureus)
very dangerous

Coagulase

negative (Staph.
saprophyticus)

Coagulase

negative (Staph.
epidermidis)

Gram Positive Coccl

enterococci

Staphylococcus

catalase

S. aureus

coagulase &

Gram Positive

bacilli
Corvnebacterium

Clostridium
Listeria
Bacillus

cocci

—

S

coagulase -

S. epidermidis S. saprophyticus

Novobiocin Novobiocin
sensitive resistant

Steptococcus
catalase

a-hemolytic
(green)

PP -hemolytic

(clear) v - hemolytic

pyogenes agalactiae Enterococcus pneurmoniae Viridans

Group A, Group B, E. raecalis, optochin mutans, sanguis

bacitracin bacitracin E. faecium sensitive, optochin

resistant bile resistant,
soluble, not bile soluble,
capsules > Nno capsule
quellung +

sensitive



3-The Microorganism ]

Staph. epidermidis

Rarely causes UTI

Staph. aureus

% ’12» “ .-

Microscopic A s = | Gram positive
appearance T, cocci in clusters
culture Blood culture
plate showing
growth of golden
yellow colonies
tests Coagulase test =

Positive

Catalase +ve

Catalase test =
Positive

Microscopic Gram positive cocci

appearance in clusters

culture Blood culture plate
showing growth of
white colonies

tests Coagulase test

Negative

Catalase test =
Positive

Novobiocin test
Sensitive




3-The Microorganism

Streptococcus agalactiae (group B)

Seen in pregnant
and neonate

Microscopic
appearance

Staphylococcus saprophyticus

Gram positive
cocci in clusters

culture Blood culture
plate showing
growth of white
colonies

tests Coagulase test

=Negative

Catalase test =
positive

Novobiocin Test
Resistant

Microscopic [ = :\ Gram positive cocci in

appearance =t chains

culture Blood culture plate
showing growth of Beta
-haemolitic colonies

tests CAMP test positive

Catalase test = Negative

Streptics:
Mix bacterial colony
with various group-
specific antisera on
a slide




[ 3-The Microorganism ]

Enterococci From the previous slide: * to see it better*
Microscopic Gram positive
appearance cocci in chains
culture Blood culture
plate showing
growth of Beta-
haemolitic
colonies
tests Catalase test =
Negative
positive bile
Esculin

hydrolysis test

|
Both Group D streptococci and enterococci produce a

positive (left) bile Esculin hydrolysis test.




3-The Microorganism

Fungi

Candida albicans

It is a type of yeast that is dimorphic fungus since it
grows both as yeast and filamentous cells.

Fungi and Parasites causing UTI:

Parasite

Schistosoma haematobium

(urlne: eggs 115-170 x 45-65 micrometres)
(primates)

’/l
0



3-The Microorganism

Candida albicans

Morphology g
¢
b
Candida albicans
Culture

on blood agar

Identification

Chlamydospore= test
Positive

*The bacteria elongates after applying the test.

Gram positive cocci in chains

Candida albicans on

Sabouraud's Dextrose
Media (SDA)

‘1” ( .
L

\‘\\ — .

- “f)/\\dn.‘

. \'l (:‘;\ ’: {’-)

t NG
L <} NoT-

< \

Germ tube test
Positive*®



Antimicrobial Susceptibility Testing (AST):

Methods of AST:

o Disk (agar) Diffusion Method:

‘ﬂ:\x\.}g—ﬁ\uiﬁ é\pﬂ*@\é%\)ﬁu‘\:\é;\h%}#\z”&
O olina 315 48 G 36501 a1 e g5 1 58 () a5
o E test: laa (303 LAY 18 4 udliew 3y piS) o 3la 5 6Y)

Diffusion

* |s a well-established method for antimicrobial resistance testing in
microbiology laboratories.

* Consists of a predefined gradient of antibiotic concentrations on a plastic
strip

 Used to determine the Minimum Inhibitory Concentration (MIC) of
= Antibiotics
= Antifungal agents

E test

= Antimycobacterial agents

«ilida concentration « (Sl 3al g antibiotic s ¢ s



The Antibiotic Sensitivity Testing Method:

Only in female’s slides

1- Select well-
isolated colonies

|

\

\

\

\

\

\
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R
A
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¥

g
5

3- Spread the inoculum

4-Apply antibiotics disks

5- Read the result




Staphylococcus aureus

Gentamisin (CN) :12-15
Chloramphenicol (C) : 12 - 18
Penicilin (P : 28 - 29

R (Resistant) ; S (Sensitive)

describe the stain + the growth .... OsSu, Sl YL SN~ jle Bal 7 CllE 5 ) ¢3S0
cw o sSa =)l o But maybe we will ask about the drug of choice

IS PRERREIRY



Antibiotic Susceptibility Test: Only in female’s slides

o Enterobacteriacae: *You can READ it o Pseudomonas spp:
* First line UTI treatment:

— Ampicillin Anti-pseudomonal antibiotics

— TMP/SMX

— Ciprofloxacin M Beta-lactams A Fluoroquinolones

— Gentamicin - Cefepime — Ciprofloxacin (PO) (IV)

_ Amikacin —~ Plperacnlln/tazobactam - Llevoﬂoxacm. (PO) (IV)
. : — Imipenem 3 Aminoglycosides

— Nitrofunatoin

— Meropenem — Gentamicin

— Tobramycin

Green- formulary item, no restrictions
Yellow- formulary but requires ID approval
- non-formulary item




Antibiotic Susceptibility Test: Only in female’s slides

o Staph. Aureus: *You can READit o MRSA *You can READ it o Staph. saprophyticus
/—;‘\\\\ =

A _ : —Gentamycein
Ciprofloxacin —
- Cefoxitin
Moxifloxacin -
Fosfomycin
Vancomycin—
Co-Trimoxazole — Ampicilln
www.microbiologyinpictures.com Doxycycline » __Penicillin
(without hydrochloride)
Erythromycin - Clindamycin

Novobiocin Test Resistant

strain A

Staphylococcus aureus

strain B
Staphylococcus aureus
methicillin-resistant
MRSA ©



Bacterial Resistance to UTI Antibiotics: | Results interpretation: Only in female’s slides
*You can READ it

* Nitrofurantoin * high probability of UTI requiring treatment

v' E. coli<5% : L
* If midstream clean catch positive for

v' Oth th 15-20%
Other uropathogens 0 7 e

v Not active against: . : e
5 v microscopic hematuria, with or without positive nitrites

=  Proteus,
v' + UTI symptoms

= some Enterobacter .. : : :
* Presence of pyuria without bacteria on culture (sterile pyuria)

= Klebsiella rule out:
 TMP-SMX (Bactrim) v Tuberculosis
v' 10-22% varies geographically v’ Interstitial cystitis (IC)
* Fluoroquinolones (Cipro) v Chlamydia urethritis
v’ therapy for acute uncomplicated cystitis v Kidney disease (stone, glomerulonephritis)

* Ampicillin

v" 30% of E. coli resistant



*You can READ it *You can READ it Only in female’s slides

ESBL Confirmatory Methods Examples of Bacteria of Clinical
Importance

» MRSA - methicillin/oxacillin-resistant
Staphylococcus aureus
VRE - vancomycin-resistant
enterococc
ESBLs - extended-spectrum beta-
lactamases (which are resistant to
cephalosporins and monobactams)
PRSP - penicillin-resistant
Streptococcus pneumoniae

* Dr.T.V.Rao MD

Kirby-Bauer disc E-test

difusion synergy Kirby-Bauer disc

ORMIC augmentation

> 4-fold increase A2 5 mm




Emerging resistant to Ampicillin and TMP/SMX *You can READ it

Antibiotic MIC Interpretation

Cephalexin

TMP/SMX

Gentamicin

Imipenem <1 S

Organism E coli
Source urine

Only in female’s slides



Only in female’s slides

Extended spectrum B-lactamase (ESBL) | *YoucanREADit

“YoucanREADit  Producing E coli: Extended Spectrum Beta Lactamase
[ESBL]

Enzymes that are produced by Gram negative bacteria

* Confer resistance to Cephalosporins, Penicillins and Monobactam

(Aztreonam) by opening the beta lactam ring inactivating the antibiotic
® Cannot attack cephamycins (cefoxitin, cefotetan) or the carbapenems
(imipenem, meropenem, ertapenem, doripenem)

" Generally susceptible to beta-lactamase inhibitors (tazobactam)

Plasmid mediated TEM, SHV, CTX-M beta lactamases are the
most common

Cephalexin > 46 R Therapy for ESBL producing gram negative rods:
' Carbapenems: Imipenem, Meropenem, Doripenem, Ertapenem

 Piperacillin/Tazobactam — Tazobactam blocks beta lactamase action

Gentamicin <8 S

Ceftazidime > 46 R

ESBL positive E coli



Case 1 Only in Male’s slides

The blood agar plate and CLED plate provided were inoculated with a sample of urine from a patient with a
suspected urinary tract infection. Examine the plates and photographs provided.
e|dentify the colonies on the blood agar plates and photographs.
The photographs show the results of the Gram stain of each colony type.
eLarge colonies are Gram (Negative) .and small colonies are Gram (positive)

el s gola ol AV S CLED plate Blood agar Gram stain



Case 2

These Blood agar and CLED agar plates were inoculated with MSU from a 45 years old
man suspected of having bladder stone and complaining of burning micturation.

Urine examination showed :

Moderate number of WBC and a PH of 8

Only in Male’s slides

A) What is the likely this pathogen?
Proteus mirabilis

B) How would you confirm the identity of this pathogen?
Urease test

C) What is the role of this organism in forming stones?
Urease splits urea into ammonia; and alkalinizes the urine with production of crystals

N
Mention one organism from each of the following which may cause urinary tract infection
A) Bacteria ...

B) Parasites ............c.cooooiiiiin.
\C) Fungi ... )

asill Ja (saba s A sl
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