
The Clinical Microbiology Laboratory 
and the Dx of Infectious Diseases

Michael A. Saubolle PhD  DABMM FAAM FIDSA

Medical Director, Infectious Diseases Division,
Laboratory Sciences of Arizona – Banner Health,

Clinical Associate Professor of Medicine,
University of Arizona, College of Medicine, Phoenix/Tucson 
Email: mike.saubolle@bannerhealth.com; tel: 602-839-3485



Objectives

• Understand changing landscape of clinical and laboratory medicine.
• Understand the Path of Workflow in the Clinical Laboratory (including the pre‐

analytic, analytic and post‐analytic phase components) and their importance to 
patient outcomes.

• Recognition of differences between microbial contamination, colonization and true 
infection, including naming components of the human microbiome at various body 
sites. 

• Understand the parameters for appropriate laboratory use, including definition of 
test sensitivity, specificity and appropriate specimen choice.

• Be able to summarize appropriate approaches to collection, processing and 
interpretation of culture of specimens from various infectious processes (including 
blood, respiratory tract, wound, normally sterile body sites, urinary tract, and GI 
tract).



Changing Landscape – Healthcare Reform

 2010 Patient Protection & Affordable Care Act (ACA)
 Goals of healthcare reform:

• Increasing access to healthcare
• Improving quality of care
• Increasing accountability and efficiency

o Clinical value
o Patient satisfaction
o Decreasing costs

 Value Based Purchasing Model: Reimbursement based on quality 
metrics; shift from a fee‐for‐service reimbursement model to a 
value‐based model

 Accountable Care Organizations (ACOs)
– What does one get for the resources spent?



Changing Landscape of Clinical Microbiology 

• Changing laboratory infrastructure and dwindling personnel 
(centralization; pros and cons)

• Maturation of new technologies (automation & nucleic acid amplification 
tests)

– Increasing number of test menus and decreasing understanding of test application, 
interpretation by clinicians in general

– Algorithms for Dx of infectious diseases & computerized physician order entry (CPOE) 

• Increasing antimicrobial resistance
– Necessitated antimicrobial stewardship

• Healthcare reform
– Cost expectations; clinical value, outcome studies



Historically Normal Laboratory Work  Flow Patterns: good at looking at 
mostly  in-lab processes :
We determine accuracy, TAT, Costs to lab, testing personnel needed, PT, QC, 
QA, etc.



Clinical Relevance vs. Cost of Laboratory Testing and Results

• Screening testing should be limited to clinically relevant 
situations

• The more testing performed the more false‐positives will be 
picked up

• Issues with testing:
– sensitivity/specificity
– false‐positives usually expands inappropriate testing  
– Cost (actual, set by provider, reimbursed by payers such 
as Medicare, Medicaid, private insurance, etc)



Parameters for Appropriate Laboratory Use

• Understanding infectious process
• Understanding in vitro evaluation process (lab)
• Limitations (sensitivity, specificity, errors)
• Significance of results
• Communication (action taken)

– Appropriate clinician interpretation of results is crucial
to correct utilization.



Infectious Diseases
Crucial Points in Diagnosis

Pre-analytic
• PE, history, immune status, time of year
• Appropriate choice of testing to be 

performed
– (which test(s) to order)

• Choice of correct specimens 
– (bypass  normal / colonizing flora; 

timing must be correct).
• Appropriate specimen collection, 

handling, transportation crucial.



Differences in Human Microbiome Composition by Body Site





Clinical Relevance of Laboratory Results
Diagnostic Sensitivity:
• Ability of test to detect a condition

– Frequency of abnormal or positive test results in individuals who have a 
selected disease 

Diagnostic Specificity:
• Ability of test to define a true condition

– Frequency with which a normal or negative test results in individuals free of the 
disease



Clinical Relevance of Laboratory Results

Predictive value of a test is significantly effected by the prevalence of the disease in 
the selected  population

Prevalence of Disease within 
Population (%)

Predictive Value of Positive 
Result (%)

1 16.1                                         
2 27.9                     
5 50.0
10 67.9                   
25 86.4                   
50 95.0 

Test Sensitivity 95%, Test Specificity 95%



g
is to judge policies and 
programs by their ientions 
Postanalytic : Why evaluate appropriate 
utilization of tests and their outcomes

~ Milton Friedman (Nobel 
Prize 1976, US Economist)One of the great mistakes is to judge 

policies and programs by their intentions 
rather than their results

~ 
Milton Friedman (Nobel Prize 1976, US Economist)



New paradigm in clinical microbiology

Lancet. 1973;2:349.

 Collaborate with ID and other CCGs as well as pharmacy, etc in 
new programs – partnering with other clinical entities for 
laboratory and resource utilization – the lab provides value‐
added concepts to patient care

 Develop programs (initiation of new procedures) to not only 
verify and validate tests but also validate their expected 
effects on clinician compliance and patient outcomes

 Document and verify outcomes – work with administration to 
measure returns for output



Evidence‐based best practices clinical approach

Infectious
Diseases

Optimal 
Patient Care

Optimal 
Patient Care

Infection Prevention

Clinical 
Pharmacy

Clinical NursingSurgery

Clinical  
Microbiology

Collaborative Effort
Single Silo

Evidence-Based   
Outcome Driven

Based on: CDC Guidelines 
and Website  Accessed 2007



Appropriate Specimen Collection
General Principles

 Consider specimen location and infectious process (contaminated or 
sterile)

 Choose location in which pathogen might be at (stage of disease process)
 Advancing margins on skin or soft tissue
 Bypass contaminated or colonized sites
 Decontaminate sites that might be colonized or contaminated
 Collect adequate specimen size or volume (no swabs except in special 
situations)

 Collect before initiation of antimicrobial therapy
 Transport in correct container
 Transport in adequate environment and appropriate time 



Effect of Antibiotic Therapy on Sputum Cultures in Patients with 
Consolidated Community‐Acquired Pneumonia 
****Collect specimen BEFORE initiation of therapy

Prior Rx                 No Prior Rx
(52 Pts) (24 Pts)         

S. pneumoniae 0 15 (63%)
H. influenzae 0 7 (29%)
S. aureus 1 (2%) 0
Gram‐negative bacilli 15 (29%) 0
No pathogen 36 (69%) 2 (8%)

Lancet. 1973;2:349.

Lancet. 1973;2:349



Specimens Sent for Microbiological Studies

Swab WORST type of sample

A. Picks up extraneous microbes

B. Holds extremely small volume of specimen

C. Hard to get bacteria or fungi away from fibers and onto media

D. Inoculum not uniform across several different agar plates

Slide from: Ellen‐Jo Baron, Stanford



Microbiologic Evaluation 

Traditional 
• Direct microscopic evaluation
• Isolation of etiologic agent as needed

– Under Rx influence
– Slow growing /Unable to grow

• Susceptibility studies when warranted
– Phenotypic
– No standard for many organisms
– New mechanisms of resistance

• ESBLs, KPCs, Ps/Acinetobacter, MRSA and vanco



More Rapid Procedures in Microbiology

• Microscopic (wet mount, Gram/AFB/Calcofluor/Acridine orange, etc)
• Direct or Indirect Antigen detection (direct: EIA, FA, Latex; Indirect: selective 

broth testing)
• Rapid biochemical (leukocyte esterase, oxidase, beta-lactamase, Vitek bio 

card, etc)
• Nucleic Acid Testing (NAT; molecular)
• Mass Spectrophotometric Methods (e.g.MALDI-TOF)
• Next Generation Sequencing Studies



Microbiologic Stains

• Direct set‐up (unspun)
– WBCs, epithelial cells and organisms reported semi quantitatively 

(1+/scant; 2+/light; 3+/moderate; 4+ = heavy)

• Centrifuged (e.g. spinal fluid)
– Reported only as “unable to quantitate”

• AFB the only difference – reported quantitatively even though specimen 
concentrated



 Depending on the type of inoculation method used, the microbiologist will 
determine the actual number of colonies present or an estimate of the bacteria 
present.
◦ When plates are inoculated with a measured amount of specimen as in 

quantitative inoculation, the colonies can be counted and the actual numbers 
of organisms in the specimen reported (103, 104, 105, etc.).

◦ When the plates are inoculated in a semi‐quantitative manner, the numbers of 
organisms growing on the plates are graded to give an estimate of the 
organisms present in the original specimen
1+ = scant
2+ = light
3+ = moderate
4+ = heavy

Growth Quantitation



Blood Cultures

Routine (includes the yeast Candida)
• Number (x 2‐3; 2 bottles/culture), 
• 20 mls/culture of blood
• Prior to Rx; one after another in sepsis; peripheral venous draw; spaced 

about 1 or more hrs if abscess suspected  
• Contamination

– skin disinfection (following contamination rates, $2‐6 thousand/case)
– interpretation: isolate types and number positive cultures
– Do not collect through indwelling catheter (higher contamination rate)

Fungal (Histo, Crypto, Coccy, do not need for other yeasts) 
AFB (Rapid growers: MAC, TB, other NTM in Icpts ‐ non‐IC should not be 

cultured for TB)



Interpreting a “Positive” Blood Culture
True Bacteremia:  

Unlikely Uncertain Likely

24

• S. aureus
• S. pneumoniae
• Enterobacteriaceae
• P. aeruginosa
• C. albicans

• Corynebacterium spp.
• Non‐anthracis Bacillus spp.
• Propionibacterium acnes

Coagulase‐negative 
staphylococci

Source: Kim SD, et al: Infect Control Hosp Epidemiol 2000;21:213‐7

pre‐test probability
patient risk factors
prosthetic devices
clinical evidence

post‐test probability
# positive / # cultures 
compare antibiograms
compare genotypes



Clinical and Microbiological Relevance

• Wound specimens:
– Normally sterile sites / tissue, pus
– Topical : ulcers, diabetic foot, mixed colonization (only after 

debridement) - careful attention to organism types and numbers 
– Pay attention to interpretation of results

Diagnosis of Wound Infections
 CBC, Blood cultures X 2-3
 Culture and Gram stain of any drainage from lesion (PUS is good)
 Needle aspiration
 Punch biopsy
 But do not use swabs (even on pus)
◦ DO NOT SWAB infected pressure ulcers or diabetic foot wounds 

Stevens, et al. CID 2005;41:1373



Use of Cultures in Wound Infections

• Can be difficult to interpret
• Superficial swab cultures are of limited value

– Staph aureus
• Sinus tract (outside third usually different 
organism than deeper specimens)

• Tissue biopsy
– Can be very useful, especially in mixed flora, fungal and with 

histopathology)
– Bone biopsy in cases of osteomyelitis



Obtaining Specimens for Culture

 Culture in cellulitis infrequently positive 
(neg. in 75‐80% of cases; including  blood cultures, < 5% are 
positive)

 Gram stain and culture should be obtained from other SSTIs 
(except perhaps diabetic feet and infected pressure ulcers)

 Tissue or pus are superior specimens 
◦ Tissue biopsy or curettage (scraping with a scalpel blade) 
are better sources for culture

◦ Needle aspiration of pus : (do not use swabs)



Soft Tissue Specimen Collection

28
From: Lipsky, et al. Clin Infect Dis 2004; 39:885



Ulceration due Coccidioides spp.

Biopsy advancing 
margin or base 
after debridement

Colonization or 
contamination 
frequent



A patient with a diabetic foot ulcer is 
seen in clinic and the ulcer looks ugly 
but otherwise has no red streaking 
outside the borders. It is best to: 
1. Not culture the ulcer surface?
2. Culture surface of ulcer with swab?
3. Debride carefully and submit 

advancing margin biopsy or deep 
base and bone tissue for culture?

4. Cauterize surface of ulcer prior to 
collection of specimen for culture?



A patient with a diabetic foot ulcer is seen in 
clinic and the ulcer looks ugly but otherwise 
has no red streaking outside the borders. It is 
best to: 
1. Not culture the ulcer surface (correct)
2. Culture surface of ulcer with swab
3. Debride carefully and submit advancing 

margin biopsy or deep bone tissue for 
culture if osteo suspected (possible 
choice)

4. Cauterize surface of ulcer prior to 
collection of specimen for culture



H & E stain from the diabetic ulcer

• Culture of swab of surface of  ulcer grew Bipolaris spicifera (dematiaceous mould)
• Clinician wanted to start Amphotericin B therapy for fungal infection
• Biopsy showed the following: 



Clinical and Microbiological Relevance

Upper Respiratory tract
– Pharyngitis (throat): Strep grp A only     
– Otitis (ear): tympanocentesis
– Sinusitis: 

• Aspirate (not nasal swab or drainage)
• Endoscopically guided NP swab at meatus



Upper Respiratory Tract Pathogens

Respiratory Syncytial Virus
– Wheezing, bronchiolitis
– EIA, DFA, culture, (RT)‐PCR

Other respiratory viruses
– DFA, culture, PCR

Pertussis
– very active in AZ; most common vaccine‐preventable disease in children under 

5; increased in older pop.
– Common in adults, carriers

• DFA, culture on Regan‐Lowe, Bordet‐Gengou,    
• PCR on older vaccinated children and adults, serology

DFA of RSV
RSV



Clinical and Microbiological Relevance

Lower Respiratory Tract
• Sputum: routine culture ‐ screen for WBCs/ squamous epithelial cells 

(expectorated, induced) 
• Most groups use <10‐12 epis, > 25 WBCs per LPF

– Work up only organism(s) associated with WBCs as indicated by Gram‐stain

• Endotracheal aspirate‐ often confusing results due to colonization, 
especially in endotracheal tubes; results in overtreatment of patients

• Protected‐Brush Bronchoscopy or Bronchoalveolar lavage: quantitative 
culture and cytospin‐centrifuged Gram‐stain (intracellular organisms)



Dx of CAP - X-ray



Sputum Screening: Gram stain of sputum contaminated with saliva

(120 X) (1,200X)

Growth of mixed flora on culture



Gram stain of  sputum with polymorphonuclear cells (PMNs) 120 X

120 X

1,200 X



Gram stain of  sputum with PMNs but no pathogenic organisms

• Potential reasons:
• Therapy prior to specimen being collected
• Stealth bug (TB, Legionella, Coccy, Mycoplasma, Viruses)



Gastrointestinal Tract
• Use separate appropriate transport 

systems for Dx of  bacterial and 
parasitic infections

• Test only loose, diarrheal stools
• Acute presentation, <=7 days:

– Stool examination for routine 
pathogens:Salmonella, Shigella, 
Campylobacter; in high numbers: 
Yersinia, Vibrio, Aeromonas, E. coli
0157 or Shiga Toxin

• Giardia Ag or FA (if history indicates 
camping, travel to endemic areas, day‐
care center)

• Norovirus (in right setting and if 
clinically warranted)

The Brecher Guidelines 
If it ain’t loose, it’s of no use
Put a lab stick in the stool: 
If the stick stands, the test is banned; if the 
stick falls, test them all

And my favorite so far…
“If you can’t slurp it with a 

straw it ain’t diarrhea”
An anonymous physician from 

Tampa General Hospital



Clinical Microbiology and ID

Gastrointestinal Tract
• Chronic presentation, >7 days, history supports travel or from 

endemic area and with negative routine studies: 
– DFA/EIA for Giardia 
– Full O&P Exam (X 1 initially; additional 2 spaced over several days if 

warranted)

• Clostridium difficile (GDH + Toxin and/or PCR vs Toxin A &B)
– If patient has diarrhea after >=3 days in hospital (other studies should 

not be ordered)
– Consider if patient is on laxatives (do not order Cdiff unless severe and 

protracted)













299

321

307

285

231

254

278

242

291

245

306

211

228229

197

216

171
185189

161

206

260

204199

219
232

203
195

215

195

157153

192

175

203

172

143

111

129
122

115
104

154

104

127

167

0

50

100

150

200

250

300

350

Ju
l-1

1
A

ug
-1

1
Se

p-
11

O
ct

-1
1

N
ov

-1
1

D
ec

-1
1

Ja
n-

12
Fe

b-
12

M
ar

-1
2

A
pr

-1
2

M
ay

-1
2

Ju
n-

12
Ju

l-1
2

A
ug

-1
2

Se
p-

12
O

ct
-1

2
N

ov
-1

2
D

ec
-1

2
Ja

n-
13

Fe
b-

13
M

ar
-1

3
A

pr
-1

3
M

ay
-1

3
Ju

n-
13

Ju
l-1

3
A

ug
-1

3
Se

p-
13

O
ct

-1
3

N
ov

-1
3

D
ec

-1
3

Ja
n-

14
Fe

b-
14

M
ar

-1
4

A
pr

-1
4

M
ay

-1
4

Ju
n-

14
Ju

l-1
4

A
ug

-1
4

Se
p-

14
O

ct
-1

4
N

ov
-1

4
D

ec
-1

4
Ja

n-
15

Fe
b-

15
M

ar
-1

5
A

pr
-1

5

Monthly O andP Volumes- Banner Health System including Arizona 
and Western Region Hospitals

Discern 
Advisor
Launched 



Urinary Tract
• Evaluate only symptomatic patients (unless 

immunocompromised, pregnant)
– No symptoms – no UA or Culture

• Midstream, clean‐catch urine collection (with cleansing of 
urethral meatus)
– E. coli replication in room temp urine = one generation every 20 

minutes
– Transport immediately or place in special transport media (boric acid)

• Quantitative cultures
– Difficult to interpret
– Normally, urine from true UTI (symptomatic) grows >100,000 CFUs/ml 

of single organism (other interpretations abound for special case 
situations (pregnancy, etc) or if single catheter collected urine 
(>10,000)



Typical FindingsClean‐catch Urine in symptomatic UTI

Labs
Urinalysis: presence of nitrite and leukocyte esterase 
Microscopy: WBCs but no casts seen
Bacterial culture: 

• >105 cfu/ml 
• GNR
• Indole‐positive
• Oxidase‐negative



Patient outcome depends on interaction of:
Parameters Influencing Outcomes
• Infectious process (microbiology)
• Patient’s underlying condition (immunologic capability; co‐morbidities)
• Simultaneous processes surrounding patient (environment, manipulation)

50

Patient Pathogen

• Immune system 

• Physiologic integrity

• Co‐morbities    

• Toxins

• Invasiveness

Manipulation 
Therapy



The End

Thought: 
How does this all relate to the practice of better medicine?

Mike Saubolle (Infectious Diseases Lab Medical Director): 
Office: 602-839-3485; Mike.Saubolle@bannerhealth.com
Adarsh Khalsa (Microbiology Technical Specialist): 
Office: 602-839-3018; Adarsh.Khalsa@bannerhealth.com
Cynthia Koeneman (Microbiology Manager): 
Office: 602-839-2698; Cynthia.Koeneman@bannerhealth.com
Microbiology Laboratory: 602-839-3481


