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Infectious Disease: The Reason
for Gram Stain Proficiency

e Causes 17 million deaths worldwide annually
» 3d]eading cause of death in the US
 Leading killers: pneumonia, AIDS and UTI

* New emerging or drug resistant infections

« Nosocomial infections = high mortality rate

« 30% of inpatients have bacterial infections

« 1 of 23 surgical patients in US get Staph infectipn
« Bioterrorism threat — experts say lab is key )

Government Accounting Office, www.NIH.gow007

Linda Zuchowski, MT(ASCP)SM
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Public Health Threat

« Mortality due to infectious disease increased $%%from
1980 — 1992

— More elderly and immunocompromised patients
— Nosocomial infections with drug resistant bacteria
— 1/3 world population has TB. Immigrants in USleighsince 1970
Exponential rise in MRSA infections since 1990
— Hospital-acquired, 60% MRSA in ICU

— Community-acquired 12% of all MRSA infections

— 1% have life threatening, invasive cases(45 cais8tLouis
Children’s Hospital in 2004)

« National Center for Health Statistics data for ufyieg cause of death.

+ CDC MMWR and WHO fact sheet 104. Prevention SgiateSpring 2008.

« National Nosocomial Infections Surveillance, wwwegbvFeb. 2006

« Dr. Stephanie Lutter, Infectious Disease Spediafis Louis Children’s Hospital, 4-2006.

Up to 50,000 Gram stains reported
annually, with >90% culture
correlation.

The Gram stain remains the
cornerstone of microbiology...it
provides a very valuable source
of clinically relevant information

Linda Zuchowski, MT(ASCP)SM
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The Gram stain is the most
abused of all the tests performed
in the microbiology laboratory.

James Snyder, PhD, ABMM, “The Ten Commandments fanaging and
Interpreting Wound Specimens”, Advance for Medlcalh Professionals, Vol.
11, No 1, Jan.11, 1999.

CDC, “The Gram Stain: A New Look at an Old Tool, Meg84.

Our Major Challenge...

» To provide information that is
— Timely
— Clinically relevant
— Cost effective
— Useful for managing patients

James Snyder, PhD., ABMM, Dept of Pathology, Unitofdisville School of
Medicine and Clinical Micro Lab, Univ of Louisville ¢$pital, Louisville, KY

Clinically Relevant Bacteriology

Requirements:
» Decisions
— Specimen management
— Reporting

— Interpretation of results
« Adequate guidelines

— Q-score

— Algorithms

— Genus level reporting

Raymond Bartlett, MD, Medical Microbiology: Qualityo§t and Clinical Relevance,
1
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Objectives

» Understand diagnostic and therapeutic value of
Gram stains

» Recognize limitations of Gram stains
* Develop and improve Gram stain skills

» Report clinically relevant results, accurately and
consistently

* Increase culture correlation, predictive value
« Demonstrate and document competency

Workshop Goal

* ProvideCOMPETENCY:
— KNOWLEDGE of the Gram stain
— SKILL development and enhancement
—ABILITY to perform and improve proficiency
 Contribute to positive patient outcomes

« Benefit entire health care system

Role of Technologists
as part of the Health Care Team

< Share same mutual goal: help patients
< Generate high quality, accurate information

« Communicate effectively with entire health
care team

« Maintain competency

< Share responsibility and commitment to
continuing education

Linda Zuchowski, MT(ASCP)SM
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Gram Stain Definition

- Differential staining method based on somatic
cellular content

« Divides bacteria into 2 main categories:
— Gram-positive
— Gram-negative

 Classifies bacteria to probable genus level based
on morphology and staining characteristics

» “the most important staining technique for
identifying bacteria by light microscopy”

Gram Stain Function

» Assesses quality of clinical specimerisy
demonstrating ratio and relationship of host cells
to bacteria

» Confirms or changediagnosis
— With patient medical history, exam, lab, X-ray; et

— Provides identification of likely etiologic agefor
infections

« Key to proper initiatreatment of patient
« Usually followed up with culture and sensitivity

1

Advantages of the Gram Stain

< Rapid procedure

« Cost efficient

« Accessible

« Effective screening technique
« Reliable

« Semi-quantitative

« Provides culture clues

Linda Zuchowski, MT(ASCP)SM
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Culture Clues

Contamination, colonization or infection
Branching or beaded gram-positive rods
— Anaerobic culture (Actino, Proprioni)

— AFB stain and cultures

— Modified acid fast stain and culture (Nocardia,
Rhodococcus)

Septate hyphae — calcofluor, fungal culture
Positive fecal leukocytes — stool culture

4-29-2009

Value of Gram Stain

Gram stains can be more useful than
cultures when:

— Previous antimicrobial therapy received

— Anaerobes are present

— Colonization, contamination, or super infection
— Bacterial vaginosis diagnosis is to be made

Gram stains can have high predictive value!
Presumptive diagnosis guides initial therapy

1

Presumptive Diagnostic Value
from:

Lower respiratory tract secretions
Transtracheal aspirates

Body fluids

Purulent abscesses, wounds, tissues
Urethral exudates

Nearly all specimens except stool, buffy
coats, and nasopharyngeal

Li

nda Zuchowski, MT(ASCP)SM
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History of the Gram Stain

< Developed by Hans Christian Gram, a
Danish physician, in 1884

« Researched diseased kidney cells in Berlin
morgue

« Discovered basic dyes that differentiate

< Gram stain remains basic principle of
microbiology with few modifications today

1

Theory of the Gram Stain

« Bacterial protoplasm is acidic due to nucleic
acids

« Intact bacteria stain readily with alkaline
dyes such as crystal violet and safranin

« lodine (mordant) forms crystal violet
complex within bacteria cell wall

« Alcohol/acetone decolorizer removes dye
complex depending on cell wall structure

1

Gram-positive Cell Wall

e Thin phospholipid layer
< Thick peptidoglycan layer (murein)
« Surface proteins include teichoic acid

« 3-D latticework, tightly cross linked
structure

« Nearly impermeable to decolorizer if intact
« Retains crystal violet/iodine complex
* End results — PURPLE bacteria 1

Linda Zuchowski, MT(ASCP)SM
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Gram Positive Cell Wall Diagram

22

Gram-negative Cell Wall

Thick phospholipid layer

Thin peptidoglycan layer

Easily damaged by decolorizer

Crystal violet/iodine complex leaches out
« Safranin counter stain visible

End result = PINK or RED bacteria

Gram Negative Cell Wall Diagram

24
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Gram Stain Theory (con't)

 Cell wall composition determines antibiotic

target site

—i.e. Penicillin and vancomycin can enter Gram-
positive cell wall via specific proteins, but
cannot penetrate gram-negative cell wall

« Effective antibiotic therapy depends on cell
wall differentiation (accurate Gram stain)

1

Therapeutic Role of Gram Stain

Provides proof of purulence, inflammation
Provides presumptive etiologic diagnosis
» Guides initial antibiotic therapy

— Based on bacterial morphotype (genus level)

— Antibiogram provides likely susceptibility

— Narrow or broad spectrum, or combination therapy
» Prevents misuse of antibiotics
« Can limit antibiotic resistance
» Can reduce hospitalization, costs

Proof of Infection

« Acute inflammation —evidence of purulence
— PMNs, RBCs, mucous and protein

 Chronic inflammation - purulence
— Mononuclear cells (lymphs, macrophages)

« Cytopenic patients = lack of cellular
response

Linda Zuchowski, MT(ASCP)SM
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Presumptive Etiologic Diagnosis

« If single etiologic agent seen in Gram stain,
classify to probable genus level:
— Refer to antibiogram for drug of choice
— Confirm with culture and susceptibility report

« If polymicrobic “mixed flora” observed
without purulence:
— Topical treatment
— No treatment

Antibiotic Guide

« Antibiotic choice based on evaluation of:
— Gram stain information
— Symptoms
— Medical history
— Susceptibility report
— Antibiogram data
— Resistance, toxicity, side effects, cost

Example of Oral Antibiotic Cost

Drug Cost per day
Doxycycline $0.04
Trimeth/sulfa (Bactrim) 0.07
Clindamycin 0.14
Azithromax 4.10
Amp/sulbactam (Unasyn) 8.87
Cefepime 32.33

Quinupristin/dalfprist(Synercid) 109.78

2006 antibiogram data

30
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The most important public
health concern is antibiotic
resistant organisms,

“killer bacteria”.

e James Hughes, MD., director of the

National Center of Infectious Disease at the
CDC, 1998.

4-29-2009

Definition of Antibiotic Therapy:

e ...A broad term for the use of chemical
compounds to treat disease caused by
microorganisms.

— Agents can kill or inhibit bacteria

— Categorized according to targeted site of action
« Cell wall synthesis (penicillins, vancomycin)
« Protein synthesis (aminoglycosides, macrolides)
< Nucleic acid synthesis (metronidazol, quinolones)
— Determined by Gram reaction, susceptibility

1

The discovery of antibiotics was

one of the top medical

achievements of 20th century!

Vaccinations also among top ten public health

achievements of Z0century.

CDC MMWR, December 1999

Linda Zuchowski, MT(ASCP)SM
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History of Antibiotics

1928 - Alexander Fleming discovered Penicill
¢ 1940 - Penicillin massively used during WWII
1942 — Penicillin resistance detected

1948 — 60% Staph resistance to Penicillin
1980s — MRSA emerged, 20% more Vanco uged
1990s — VREC, PRP, VISA, ESBL

2005 - 60% MRSA, >25% PRP, 25% VREC...

>S5

Statistics from www.NIH.gov., 2-2005, www.cdc.gp007 N

Antibiotic Facts
Antibiotics have added 10 years to lifespan,
a cure for cancer would add only 3 years.

< Resistance directly proportional to time,
drug usage

¢ Bugs can become multi-resistant to drugs
Modern technology enhances resistance

Extended environment affected by one
person

New England Journal of Medicine 1998

Current Antimicrobial Use

« Annual systemic antibiotics = >$1.3 billion
» Estimated U.S. cost of resistance = $5 billion
» More antibiotic usage = more resistance
— 25-40% inpatients receive antibiotics
— Nearly 100% ICU patients (focus of resistance)
— 40-50% Vancomycin used inappropriately per CDC elinés

— 170% increase in nosocomial infections from 198921&sulting
in >100,000 deaths annually in U.S., the majoritg to MRSA.

U.S. Dept of Health and Human Services and www.bitid, CDC, Feb 2006.
Government Accounting Office and Office of Techrhi nent, wvw.HHS.goweb
2005.

36
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Antibiotic Resistance

Universal problem, “crisis level”

» Paradox: destruction of old infectious diseases
created new bacterial pathogens

— “Andromeda strain” = VISA, 80% mortality

VRE can share resistance gene with other species

Due to misuse, overuse, abuse of antibiotics
— Self-treatment
— Non-compliance

— Increase in prophylactic and long term therapy

Reasons for Antibiotic Resistance
Exposure to antibiotics
— Direct (>170 varieties available by prescription).
— Indirect (food industry and environment)
« U.S. farmers use 30x more antibiotics in livestdtdn humans use.

« 70% used to promote growth in animals (WHO resitnits in 1997).
« 80 different antibiotics detected in cow's milk.

« 14 different antibiotics detected in streams, gabwater in 30 states.
» Overprescription
— 50% of the 100 million antibiotic prescriptions
each year are unnecessary, per CDC.
— Patient demand >90% esp. for pediatricians.
www.NIH.gov., Feb 2006

38

Antibiotic resistance (con’t)

« Resistance in community, natural or induced:

— 0.5% general population carry VREC as per study pt

Health Midwest Laboratory in Kansas City, MO,
testing 4000 stool screens, 1996-1997.

— MRSA colonizes up to 30% of healthy people (skin
nasal, armpit, groin, genital).

www.mayoclinic.com Feb 2006

39

Linda Zuchowski, MT(ASCP)SM



Gram Stains: Diagnostic Interpretation and Reséigorting 4-29-2009

VREC Survival Rate

« Vancomycin-resistant Enterococcus survives:
— 1 hour on hands, skin
— 24 hours on fomites (phones, tourniquets, medical
equipment, etc.)
— 7 days on countertops
« Ripple effect: other patients colonized
< 30 second handwash with disinfectant requireg

Noskin et al., Recovery of VRE on Fingertips and Emvinental Surfaces, Infection Control and
Epidemiology, Vol 16, Oct 1995. 1

Survival of Enterococcus and Staph

« All Staph isolates survived at least 1 day on:

— Fabrics, plastics (privacy drapes, splash aptabs,
coats, scrubs, sheets, towels)

« Some Staph and Enterococcus survived longer
than 90 days on polyester and plastic.
« Fabrics are vectors for gpc transmission.

Neely A., et al., “Survival of Enterococcus and $tap Hospital Fabrics and Plastic, Journal of]
Clinical Microbiology, Feb 2000.

1

Contamination of Lab with VRE

¢ 10% micro lab surfaces colonized with VRE
— Phone, keyboard, labcoat, floor, shoes, chaics, gt

— Lab workers become colonized, spread to other
hospital areas, home and community (same strajn)

— Cross-contamination can occur with specimens
— Medical personnel visiting lab can become vectqr

 Follow CDC guidelines for prevention

Collins, et al., “Contamination of Clinical Micro Lakith VRE: Implications for Hospital
Workers”, Journal of Clinical Microbiology, Oct 2001 1

Linda Zuchowski, MT(ASCP)SM



Gram Stains: Diagnostic Interpretation and Reséigorting 4-29-2009

Antibiotic Guidelines

e CDC campaign “CAUSE” for Careful
Antibiotic Use
— PPE barrier protection

— 30 second hand washing prevents 1/3 nosocomial
infections

— Strict disinfection of lab surfaces
— Surveillance programs, restrictions

* Avoid misuse, overuse and abuse of antibiotics

1

Lab Responsibilities

< Prevent colonization and spread
< Report Gram stain results quickly

« Report to bacteria to probable genus level to
guide initial antimicrobial therapy

« Communicate with medical staff, interpret
requisition information

 Follow CDC guidelines, stay informed

< “Microbiology help is crucial”

CDC network satellite broadcast on antimicrobial #segust 1998.

Consensus statement: Strategies to Prevent and Cibreriémergence and Spread of Antimicrbbial-
resistant Microorganisms in Hospitals, JAMA, Vol 22an. 1996.

Empiric Therapy

 For sepsis, the drug of choice is based on
— Gram stain (critical for initiating early DOC)
— Initial source of infection
— Immune status
— antibiogram
« If blood culture Gram stain demonstrates:
— Staph vanc may be initiated due to 50% MRSA
— Pseudomonasonsider aminoglycosides, quinolones
— Yeast, rely on antifungal therapy !

Linda Zuchowski, MT(ASCP)SM
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Empiric Therapy Study

Inadequate Diagnostics

“... More often, physicians must use incomplete pr
imperfect information to diagnose an infection and
thus prescribe an antimicrobial just-in-case, or
prescribe a broad-spectrum antimicrobial when &
specific antibiotic might be better. These situagtio
contribute to selective pressure and accelerate
antimicrobial resistance.”

www.NIH.gov 2008

47

Empiric Therapy in Practice

< Vancomycin suggested initially for any
Gram positive Gram stain.

« Maxipeme, Zosyn or Ciprofloxacin

suggested for Gram-negative rods seen on
Gram stain, until culture is reported.

David Smith, MD, Infectious Disease Specialist, Reske Medical Center, KCMO 1998

Linda Zuchowski, MT(ASCP)SM
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Predictive Value of Gram Stain

< How likely does a patient have an infection?
— Prevalence of pathogen
— Pathogen versus virulence
— Medical history

— Evidence of purulence and single etiologic
agent on Gram stain

A Gram stain can have a predictive value of
100%.

Value of Gram Stain
in Diagnosis of Pneumonia
» Overall sensitivity and specificity fdneumococcal
pneumonia: 75% and 97%

» Overall sensitivity and specificity fad. influenzae
pneumonia: 82% and 99%

» Gram stain gave presumptive diagnosis for 80%oofdg
quality specimens.

» Monotherapy prescribed for >95% of patients who had
predominant morphotype on Gram stain!!

Roson, B, et al., Clin Infect Disease 31:869-74,200 50

Reporting Bacteria to Probable
Genus Level

» Specific therapy can be initiated if morphological
characterization is provided due to high predictiakie
of Gram stain.

— Gram-positive cocci in pairs and chains suggestivaf
Streptococchas 100% sensitivity and 98% specificity.

— Gram-positive cocci in clusters suggestive &taphylococci
has 98% sensitivity and 100% specificity.

Aggar, Maki, et al., Efficacy of direct Gram tiatir
cultures positive for Gram-positive cocci, JouraiClinical Microbiology, 1978.

in blood

Linda Zuchowski, MT(ASCP)SM
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Predictive Value Study

Predictive Value Study (con’t)

Linda Zuchowski, MT(ASCP)SM
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Gram Stain Accuracy for ldentifying
Pneumococci in Sputum

Sensitivity 50-96%
Specificity 12-100%

« Gram stain plays valuable role in diagnosing comityt
acquired pneumococcal pneumonia.

« Variables include:
— Quality of specimen
— Interpretation (examine fields free of squamoduiste

Rein, et al., “Accuracy of Gram Stain in IdentifyiRmeumococci in
Sputum”, JAMA, June 1978.

Limitations of Gram Stain

« Unreliable staining technique for:
— Organisms with atypical or damaged cell walls
— Intracellular bacteria
— Antibiotic effect
* Problems encountered:
— Artifacts
— Contamination problems
— Requires quality specimens and expertise

Requirements for a Quality
Gram Stain
« Quality specimens — directly affect the clinical
value of the Gram stain
— Reject specimens that can be recollected
— Use disclaimers when necessary
« Technologist expertise
— Document competency annually
— Key to clinically relevant interpretation, repogi
« Adequate quality assurance protocol

Linda Zuchowski, MT(ASCP)SM
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Collect High Quality Specimens
Provide adequate protocol/instructions —
communicate
Prevent contamination
Avoid delays
Collect adequate volume
Reject swabs for body fluids or for fungus
Reject poor quality specimens (legal
requirement per CLIA 88, CAP)

J. Michael Miller, PhD, ABMM, Avoiding Specimen Magement Pitfalls, Advance for Medical

Lab Professionals, October 2000. 1

4-29-2009

Sputum Collection and Preparatic

Goal: lower respiratory tract secretions
Requires clear communication with patient
First morning specimen, supervised collectio
Remove dentures, brush teeth and tongue
Rinse mouth and throat with water

Deep cough or nasotracheal aspirate

Utilize purulent portion of specimen

n

>

Patient Factors Associated with
Poor Quality Sputum

¢ 1991-92 study of 2000 sputum specimens

» 25% specimens poor quality regardless of
collection technique due to:

— Lack of potential respiratory pathogens

— Absence of typical pneumonia

— Cytopenia (chemotherapy, immunosuppression)
— CHF and other medical problems

Fluornoy et al., “Patient Factors Associated witoPSputa”, Clinical Lab Science, Aug 1995
1

Linda Zuchowski, MT(ASCP)SM
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4-29-2009

Body Fluid Preparation

« Do not accept swabs

Avoid delays between collection and set-up
Sterilize slide (alcohol or flame)

Centrifuge and use sediment for smear
« Urine, clean voided, do not centrifuge per

urine Gram stain protocol

—

Proper Wound Specimen Collectiol

Clean all wound sites with sterile saline to reducs
surface contamination.

Swabs— low volume, possible contamination,

non-invasive, collect in duplicate, keep moist.
Aspirates— collect from tissue adjacent to open

wound, optimal for anaerobe recovery.
Needle biopsy- “gold standard”, higher

sensitivity and specificity than other methods

Smear Preparation for
Direct Microscopy

» Examine gross specimen to decide method
« Thin monolayer best for thick specimens

» Centrifuge or cytospin thin body fluids
— Etch or draw circle on glass slide to locate speci

— Sterilize slide with alcohol first if necessary
— Use drop of sediment

¢ Roll swabs on slide (don’t scrub)
» Touch-prep tissues for imprint on slide

» Make 2 smears if necessary, include QC slide s

Henry Isenberg, Clinical Microbiology Proceduresndbook, 2004.

Linda Zuchowski, MT(ASCP)SM
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Heat versus Methanol Fixation

 Flood slide with FRESH methanol (<2 weeks o

 Let evaporate, proceed with stain procedure
— Prevents RBC lysis and cellular distortion
— Cleaner background, less artifact
— Bacteria more resistant to decolorization
— Less gram-variability

< “Methanol is superior in every instance to heat
fixation”.

Mangels J. et al., Methanol Fixation: An Alternatio Heat Fixation of Smears before Staining,

Diagnostic Micro. Infectious Disease, 1984.
CDC, The Gram Stain: A New Look at an Old Tool, M&Ba

4-29-2009

fixation

Methanol

65

Contamination Problems

« Keep glass slides clean
Wipe oil lens to prevent carryover

« Use care if making stain reagents with
distilled water

Media (thio broth) can be contaminated

Linda Zuchowski, MT(ASCP)SM
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Gram Stain Reagents and Procedure

» Crystal violet (basic dye) 30-60 sec
— Rinse carefully so iodine complex can form

* lodine (mordant) 30-60 sec
— Mix slightly by agitation

« Decolorizer (acetone/alcohol) 1-5 sec

— Usually 50/50 concentration
— High acetone conc. = rapid decolorization

¢ Safranin (counter stain) 30-60 sec
 Blot (unless thin smear) and air dry

Procedures vary per manufacturer 1

Gram Stain Enhancer

« Fast green stain can be applied before
counter stain
— Produces greenish, gray background
— Enhances Gram-negative rods

« Somewhat helpful for blood culture smears

Staining Tips

» Rinse crystal violet carefully with water <=5 sec

« Allow iodine to form complex with crystal violefputo one
minute, gently agitate slide

« Use unstable iodine (not premixed, stabilizedneli
» Use 50/50 acetone/alcohol for beginners

¢ Counter stain longer for anaerobes, Hemophil@smif),
Legionella (10 min). However, >2 minutes can leagtstal
violet/iodine complex from cell walls)

e Try basic fuchsin for faintly staining gnrs (Fustampy)
» Keep reagents fresh, prevent evaporation t

Linda Zuchowski, MT(ASCP)SM
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Burke’s Modified Gram Stain

« 3-8 drops 5% sodium bicarbonate added to
crystal violet stain while on the slide

* Prevents overdecolorization of
— Pneumococci
— Bacillus

< Mordant retains crystal violet better,
enhances Gram-positive colorization

Benjamin Snyder, “Pitfalls in the Gram Stain witfPeposed Rapid Technic”, Laboratory
Medicine, July 1970 1

Automated Gram Stainers

Allows standardization of procedure
Program cycle times for reagents
Processes batches of smears quickly
Reduces reagent costs, manpower

Good, consistent quality of Gram stains
Exceptions: thick or poorly prepared slides

Stone et al., “The Gramstainer: A Two Year Evaloratj Laboratory Medicine, April 1985 N

Quality Assurance

» Perform controls weekly or with each new batch
of reagents, or with each new reagent lot number.
— Commercially available slides
— Use ATCC strains dE.coliandStaph aureus
— Use gum scrapings with mixture of bacteria

» Compare Gram stain results with culture results
for excellent internal QA monitor.

Linda Zuchowski, MT(ASCP)SM
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Staining Problems
due to Specimen
Age — organisms over 24 hours old can look
Gram-negative as cell walls weaken

Antibiotic therapy — disrupts cell wall
synthesis causing Gram negative appearang
Oxidation — anaerobic Gram-positive
organisms decolorize easilglpstridia)
Autolytic enzymes — destroy cell wall and
appear Gram-negativ& (pneumonige

4-29-2009

Technical Difficulties

Technique

— Excessive heat fixing

— Improper rinsing

— Unevenly made smear

— over decolorizing

Concentration of reagents

Check QC measures

Do not add oil until slides completely dry,

al

Correcting a Poor Quality Smear

e Check reagent quality

« Clean oily film from slides with alcohol

* Repeat QC

» Refer to stain procedure

« Dip in xylene to remove immersion oil, decolori

nd restain

* Make new smear, fix with methanol, stain
carefully

Li

nda Zuchowski, MT(ASCP)SM
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Safety Reminder

« Slides can contain viable organisms
— Spores
— Oocysts

* Handle and discard as biohazardous materia

Brightfield Microscope Tips

< Preventive maintenance — keep clean!
— No oil on 40x lens

— Use quality commercial lens paper

Use good optics, ergonomic models
Rely on QC slide for proper adjustments

Keep light condenser unit close to slide for
oil power, adjust light for low and oil power

1

Microscope Tips (con't)

« Consider 22-25mm objectives for wide field
of view

— Great for scanning on low power

— Adjust calibrations
 Find more detailed info:

— Local scope dealer (demonstrations)

— Instructional materials (software, videotapes)
 Valuable lab tool — worth investment

Linda Zuchowski, MT(ASCP)SM
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Low Power Interpretation

< Scan slide with 10x objective to evaluate
specimen and stain quality

« Select suspicious area, squam-free if possible,
 Avoid thick areas and artifacts
< Enumerate host cells (epithelials, PMNs, RBCE)
« Calculate Q-score on sputum, wounds

Q-score Function
« Universally accepted formula for evaluating
specimen suitability since 1960’s
« Compares ratio of PMNs to squamous cells
« Determines if sputum specimen is from LRT

Yields cost efficient, clinically relevant
bacteriology
— Avoids useless cultures of contaminated sputum

— Guides proper extent of work-up on ALL cultures p¢
algorithms

PB Murray, “Microscopic and Bacteriologic AnalysiSExpectorated Sputum”, Mayo Clinfcal
Procedures, June 1975.

Q-score Calculation

¢ PMNs:
— Few (0-10/Ipf =+2
— Mod (10-25/Ipf)= +3
— Many (>25/Ifp) = +4
* SQUAMSs:
— Few (0-10/Ipf) =-1
— Mod (10-25/Ipf) = -2
— Many (>25/Ipf) =-3

Linda Zuchowski, MT(ASCP)SM
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Q-score Interpretation

 If Q-score = 0, specimen is rejected.
 If Q-score = 1,2 or 3, specimen is cultured.

» Q-score determines the number of potential
pathogens to be worked up with appropriate
susceptibility testing.

« “Limit work up to 2-3 potential pathogens if
predominant on Gram stain of sputum or

endotracheal suction.”
Dr. Susan Sharp, 2003 Cumitech 7B ASM Press

High Power Interpretation Tips

» Keep light condenser close to slide when using oil
power lens (100x). Wipe lens.
» Examine purulent areas, look carefully for tiny
gnrs.
Enumerate bacteria
« Recognize co-characteristics of bacteria
morphology and Gram reaction:
— StaphylococcusgersusNeisseria
— Acinetobacter versus Neisseria

Background Material

< Amorphous debris — necrosis, heavy protein
— Always search for organisms

« Black particulate — smoke inhalation, crack

« Crystals — stain precipitation

* Mucous - irritation of glandular surface

« Purulence — acute inflammation, exudate

Linda Zuchowski, MT(ASCP)SM
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Background Materials

« Keratohyalin granules (blue precipitation on
squamous cells) — translucent protein substance
in skin

< Pigment cells in vitreous eye specimens can be
phagocytized and resemble bacteria.

e Curschmann spirals — bronchospasm, asthmal
chronic obstructive pulmonary disease

Connie Mahon et al., Textbook of Diagnostic Micrdbgy, 2@ Ed., 1997. Copyright permission
granted by WB Sanders Company. 1

Artifacts or UFOs

< UnFamiliar Objects — annoying but
sometimes significant artifacts on smears
« Implications
— Technical
— Diagnostic
— medico legal
« Prevention is best, but critical to recognize

1

Artifacts

Talc crystals

Stain reagent precipitation
Overheating of slide while fixing
Cilia from columnar epithelial cells
Amorphous debris

Necrotic material, protein globules

Ghost cells (colorless AFB, encapsulated rods
fungal elements)

1

Linda Zuchowski, MT(ASCP)SM



Gram Stains: Diagnostic Interpretation and Reséigorting 4-29-2009

Differentiating Artifacts from
Microbes

Refractibility

e Symmetry

* Size

e Evenness of cell periphery

* Location on slide

e Source (be cautious with joint fluids)
« Reference slide comparison

Antibiotic Effect

¢ Sub-inhibitory concentrations of antibiotics can
produce abnormal, pleomorphic bacteria
morphology.

* Penicillin can cause:
— Gnrs to elongate and produce filaments
— Pneumococdo form rods or globules
— Staphylococcio enlarge and become irregular
— Gonococcito form globules

< Body fluid antibiotic levels can cause effect.

Lorian et al., “Abnormal Forms of Bacteria ProdudsdAntibiotics”, AJCP, Vol 64, Nov 1975.

Other Unusual Findings

« Intracellular bacterial (urethral gndc)
— Significant since pathogen illicits phagocytosis
— Difficult to interpret with 2-dimensional light
microscopy

« Parasites§trongyloidedarvae in sputum,
Naegleriain CSF,Acanthamoeba eye,
Trichomonas, Giardia, Pneumocystis

* Fungal elements
« Branching or beaded gprs
* Ghost cells

Linda Zuchowski, MT(ASCP)SM
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Bacterial Morphology

< Consider size, shape and groupings
— Size range = 0.4 to 2 microns
— Shapes:

« Cocci (spherical, lancet, kidney bean)

« Bacilli (rods, pleomorphic club shaped, filamergpu
pallisading, sporulated, tapered, short, long thin)

« Curved (spirochete, helical, gull wing, comma)
— Groupings = single, pairs, chains, clusters, packe

1

Gram Positive Cocci

Classification
« Common genus types in Micrococcaceae family
and morphology:
— Staphylococcus gpc in clusters
— Micrococcus- large gpc in tetrads
« Common Streptococcaceae genus types:

— Streptococcuand Ehterococcus- gpc in pairs,
chains

— Pneumococcus diplococci, lancet-shaped,
sometimes encapsulated

Gram Positive
Rod Classification

e Spore-formers:

— Clostridia — large boxcar, with or without sporean
stain Gram-variable or Gram-neg.

— Bacillus — large, chaining rods, spores possible
* Non spore-formers:

— Lactobacillus — long straight or slightly curved

— Corynebacterium (diphtheroids) — small, pleomorpHic

— Branching — Nocardia/Actinomyces/Propionibag:teri

m
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Gram Negative
Diplococci Classification

« Neisseriaceae family, 2 common genus types but
similar morphology:
— Neisserialgonorrhea, meningitidiand other species
— Moraxella(includesBranhamella catarrhali@nd
other species)
« Both exhibit kidney bean or hamburger bun
shaped Gram-negative diplococci

Gram Negative Rod
Classification

« Hemophilus or Gardnerella — tiny, pleomorphic
coccobacilli (genus depends on source)

« Pseudomonas group — long, slender, sausage-lipk
 Enteric group — straight, blunt, some bipolar staip
Fusobacterium — long thin, tapered,

spindle, filamentous (depends on sp)
e Campy, Vibrio, Mobiluncus - curved

Prevalence of GNRs

dAnaerobes B Hemophilus OO Pseudomonas O Enterics

Anaerobes

3% Hemophilus

13%

Pseudomonas
h 20%
Enterics
64%
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Taxonomic Classification of
Enterobacteriaceae

« Ubiquitous in nature
e Commensal flora in Gl tract
¢ 13 common genera
« Primary bacterial intestinal pathogens
— Salmonella
— Shigella
— E.coli 0157
— Yersinia

Commonly Isolated
Enterobacteriaceae

» Escherichia coli
* Klebsiella

« Enterobacter

e Serratia

¢ Proteus

« Providencia

» Morganella

« Citrobacter

Recognizing Normal Flora

« Associate normal resident flora with each
anatomical site

* Recognize organisms significant in opportunistic
infections

« Example — indigenous mouth flora includes:
— Staph coagulase negative
— Strep viridans
— Micrococcus
— Corynebacterium specigdiphtheroids)
— Neisseria species '

Linda Zuchowski, MT(ASCP)SM
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Common Urinary Tract
Pathogens (uncomplicated)

e E. coli

« Kleb pneumonia

¢ Enterococcus

e Pseudo aeruginosa
e Staph aureus

e Candida albicans

< Proteus mirabilis

Potential Pathogens of Intra-
abdominal Sources

» Enterics
¢ Enterococcus
* Anaerobes:
— Clostridia
— Fusobacterium
— Peptostreptococcus
— Bacteroides

Common Blood Pathogens

e Staph aureus

< Staph coagulase negative spp
 Enterics

» Streptococcus

* Enterococcus

* Anaerobes

Linda Zuchowski, MT(ASCP)SM
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Common Pathogens of Bone and
Joint (synovial fluid)
e Staph aureus

» Streptococcus
* enterics

Prevalent Upper Respiratory
Tract Pathogens

e Common URT infections:

— Sinusitis (5-10% complicated)

— Bronchitis

— Otitis media

— Pharynagitis (usually viral, but 15-20%irep A
e« Common URT pathogens

— Strep pneumo

— Hemophilus influenza

— Moraxella (Branhamella) catarrhalis

Prevalent Lower Respiratory
Tract Pathogens

For most common LRT etiologic agents consider:

< Nosocomial versus community acquired infectiops
— General populatiorSstrep pneumo

e Age group

— Children: primarily viral, then Strggneumo, H.flu

« Underlying conditions

— COPD and smokersl. flu

— Alcoholics, pts on previous therapy: enterics

— Hospitalized adultKleb pneumpother entericsStaph
aureus

Linda Zuchowski, MT(ASCP)SM
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Community versus Hospital

Acquired Pneumonia
e Community acquired:
— Strep pneumonia 66%4/3 develop sepsis, 5%
meningitis)
— Hemophilus influenza 1-12%
— Moraxella catarrhalis 10%
— Staphylococcus aureus 3-14%u complication)
— Klebsiella pneumonia 3-14%
» Hospital acquired pneumonia (nosocomial):
— Enterics and non-enterié9% (Pseudomonas, Acineto
— Staphylococcus aureus 17%

1
Carroll Karen, J Clin Micro 40:3115-3120, 2002.,ha®, Susan et al., Cumitech 2003.

Common Causes of Acute
Meningitis by Age Group

* Neonates
— Strep B
— E coli
— Listeria
¢ Children (6 months to 5 year)
— Neisseria meningitidis
— Strep pneumo
— Hemophilus influenza (9 invasive cases in 2004)
* Adults
— Neisseria meningitidis
— Strep pneumo

Examining CSF Smears

» Recommended 20-30 minute examination
» Recognize age-related pathogens

* N. meningitidis is leading cause of bacterial
meningitis in the US, increasing since 1992

Hemophilus and Neisseria can be sparse
Note previous therapy

Make additional smears to confirm, r/o
contamination

Lynn Ferguson, “Meningococcal Meningitis, a Frigtitey Diagnosis”, Advance, Jan 20Q0.
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CSF Gram Stain Tips

e Gram stain has 75-90% sensitivity rate, prior tq
antibiotic therapy

« Cytospin can increase sensitivity 100x (more
sensitive than bacterial antigen test)

« Acridine orange stain helpful for intracellular
bacteria (i.e. many PMNs and NOS)

 After 1 hour, 32% decrease in WBC detection
« Any bacteria seen should be reported STAT.

Karen Carroll, MD., “Bacterial Meningitis”, ARUP Labatory, March 1996 1

A CSF Gram stain is indispensable
in providing presumptive ID of
etiologic agent. This Gram stain “is
one of the most important functions

of microbiology”.

Treatment delays can cause coma and death
within 12-48 hours in meningococcal
meningitis. Results are critical!

Henry Isenberg, Clinical Microbiology Procedures Haook, 1992 110

Possible Bacterial Agents of
Bioterrorism include:

» Bacillus anthracis

* Francisella tularemia

* Yersinia pestis

Brucella abortus

» Clostridia botulinum

Are we prepared? “It's just a matter of time...”

Col. Jim Davis, Bioterrorism: The Healthcare Nighteal 999
Michael Osterhol, The Medical Impact of a BioteisbAttack, Post grad Med, 1999
Kimberly Lindsey, Stephen Morse, CDC Bioterrorism Depvw.CDC.gov
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Clinically Relevant Reporting

* “No information is better than misinformation.”

e Too much information may result in unnecessdry
treatment.

« Culture work-up limited to 3 potential pathogen
e Q-score guides culture work-up
< Gram staircanbe contrary to culture

[

Raymond Bartlett, MD., Medical Microbiology: Quali€ost and Clinical Relevance, 1974
1

Accurate, Consistent Reporting

¢ Use coded observations (few, mod, many)

« Simplify with computer mnemonics, templates
« Follow protocol, algorithms

« Recognize pathogens versus indigenous flora
« Compare with reference slides, color atlas
Quantitate host cells on low power (10x)

< Quantitate bacteria on oil power (100x)

Mixed Flora Interpretation

« 3 or more bacterial isolates = contamination or
non-invasive colonization.

< Predominant organism is included in report,
along with “mixed flora” if present. If no
predominant bug, report “mixed flora”.

« Polymicrobic infections indicated by PMNs
suggest broad spectrum therapy or surgical
intervention.

« “Avoid line listing of each morphotype”

Karen Carroll, MD Director of Medical Micro, Johrobkins Med
Center, Baltimore, MD. 1

Linda Zuchowski, MT(ASCP)SM



Gram Stains: Diagnostic Interpretation and Reséigorting 4-29-2009

Example of “Mixed Flora” Report

Sputum Gram stain report:
Many squamous epithelial cells, few PMNs
Many gram-pos cocci suggestive of Strep
Many gram-pos rods suggestive of diphth
Many gram-neg rods suggestive of Fuso
Many budding yeast (with pseudohyphae)

Final culture report: Many mixed upper resp florq

“Mixed Flora” Report Example

Peritoneal fluid Gram stain report:
Few PMNs
Many “mixed flora”

Final culture report:
Many mixed enteric flora isolated, including
E. coli, Enterococcus, Strep viridans

Note: describe all mixed flora on worksheet

“Mixed Flora” Report

Bronchial washing Gram stain report:
Many PMNs
Many gram-pos cocci suggestive®fpneumo
Few “mixed flora”

Final culture report:
Many Strep pneumonjdew mixed flora

Note: predominant organism reported on GS

Linda Zuchowski, MT(ASCP)SM
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Common Reporting Mistakes

« Host cells not all described (PMldad squams)
< Only gram-positive organisms reported
¢ Overuse of “gram-variable rods” or “coccobacilli

« All gram-negative due to over-decolorization or
other technical errors

« Failure to use the “mixed flora” response

« Not reporting to probable genus level when
possible .

Report Example #1

Sputum Gram stain:
Moderate PMNs, few squamous epithelials
Moderate gram-positive cocci
Moderate gram-negative rods

Too vague!
Report to genus level when possible to guide
initial treatment. 1

Report Example #2

Surgical incision Gram stain:

Few gram-positive cocci suggestive of
Staphylococci

Incomplete report!
Must report host cells for accurate interpretatign
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Report Example #3

CSF Gram stain:
Moderate PMNSs, few RBCs
No organisms seen

Inaccurate results!
Final culture report: Few Hemophilus isolated

Examine CSF smears extensively, especially with
PMNs present! 1

Report Example #4

Burn wound Gram stain:
Few PMNs
Few gram-positive cocci suggestiveStaph

Inaccurate report!

Final culture report: Mani?seudomonas
aeruginosafew Staphylococcus coag neg

Look carefully for any gnrs! 1

Bacterial Vaginosis

» Most commorvaginal infection, can be asymptomatig
» 13-31% prevalence in pregnancy
» Not official STD, but more common in sexually aeti
population
» Caused by alteration of normal vaginal flora:
— Antimicrobial use
— Douching, spermicide, diaphragm
— Intercourse
— Hormones, pregnancy, childbirth, surgery

Sharon Hillier et al., “Effects of Contraceptive ted on the Vaginal Microbial Flora”, ;
Journal of Infectious Diseases, Feb 2000.
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Bacterial Vaginosis (con't)

< Polymicrobic infection includes:
— Gardnerella vaginalig98-100% of BV cases)
— Bacteroides, Mobiluncysther anaerobes
— Few if anyLactobacillus

« Best detected by ratio dfctobacillus(normal
flora) to Gardnerella(& anaerobes) on GS

< Regular screening important, especially in
pregnancy

« Easily treated with Clindamycin or
Metranidazole 1

Bacterial Vaginosis Sequelae

< Gynecologic
— Post-op and recurrent urinary tract infections
- PID
— Fertility problems
— Cervical dysplasia, high grade lesion

* Obstetrical (cost $1.4 billion annually in U.S.)
— Miscarriage, preterm labor, low birth weight infan
— Chorioamnionitis, postpartum endometritis

Carol Spiegel, Bacterial Vaginosis, Clinical Micro Rav. 1991;4:485-502

Martinez, et al., Association between bacterialivagis and cervical high grade lesion, ISSTDR
Denver, CO July 1999.

Hillier, et al., Pregnancy Complications assoc viBt# and their est. cost, IDOBGYN, 1995;3:149

Protocol for Vaginal Specimens

« Vaginal “screen” includes culture & smear
e Culture detects:

— Neisseria gonorrheae

— Candida albicansother yeasts

— Streptococcus group B
< Gram stain detectSardnerella vaginalis
 Culture forG. vaghas only 40% predictive value
e Gram stain is SUPERIOR to culture for BV

Nugent, Krohn, Hillier, Reliability of diagnosing tirial vaginosis is improved by a standardlzed
method of gram stain interpretation. Journal of Glicro. 1991;29:297-301
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Vaginal Gram Stain example

< Vaginal screen report:
— Lactobacillusmorphotypes.....0/opf
— Gardnerella/Bacteroides....>30/opf
— Mobiluncusmorphotypes.....5-30/opf
Bacterial Vaginosis score = 10 (calculated by LIS)

“Report consistent with diagnosis of BACTERIAL
VAGINOSIS, see interpretative data.”

1

Urine Gram Stain Reports

« Use one drop of uncentrifuged urine for accurage
enumeration

« Do not spread out drop

« Examine at least 20 fields

» 80-90% sensitivity, rapid screening tool
« Report example:

“More than 1 gram negative rod suggestive
of enterics seen per oil field,

i.e.> 100,000 CFU/ML” 1

U

Gram Stain for Gonorrhea examplg

Urethral Gram stain:

Intracellular gram-negative diplococci seen
(possible Neisseria gonorrhea)

Diagnosis should be based on culture results.

Note: disclaimer used on Gram stains for GQ.
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Culture Correlation Problems

Gram stain positive, culture negative due to:

« inadequate smear, unrepresentative of sample
« artifact or contamination

 improper decolorization and interpretation
antibiotic therapy

fastidious or anaerobic growth requirements

« improper growth environment (media, temp, etg)
delay in transit, improper transport = nonvi?ble

Culture correlation failure
emphasizes need for accurate
Gram stain information for
diagnostic evidence!

Proof of pathogen can come from
Gram stain instead of culture.

Maintaining Quality Assurance

Each laboratory professional is required to
meet quality standards and to improve
performance. This includes:

. QC

« proficiency testing

» Competency assessment
» Performance improvement

Linda Zuchowski, MT(ASCP)SM
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Competency Assessment

* Includes knowledge, skills and ability

* Required by CLIA’88, JCAHO, CAP

— Patient protection

— Reimbursement

— Detection of potential problems

Annual documentation in employee files
Directly affects lab success, patient outcomes
Competent personnel is invaluable

Competency Assessment
Requirements per CLIA

 Direct observation

— Routine patient test performance

— Instrument maintenance performance, function chec
« Review records

— Patient test results

— QC records, proficiency testing, preventive maiatee
« Test performanceassessment, internal or externgl
* Problem solvingskills assessment (exams)

Susan Sharp, Elder, et al., Comp Assess in the @liMicro Lab, Clinical Micro Reviews, JulyEOOA

Competency Management

 Daily microbiology report review

— Helps correlate relevant clinical information
between Gram stain and culture

— Categorizes problems to determine corrective actip
— Tracks individual performance (spreadsheet)
— Determines training needs

 Parallel interpretation of 1% slides

* QA specialist reviews department records

Linda Zuchowski, MT(ASCP)SM
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Corrective Action

 Follow up with individual personnel:
— Review specific slide and results
— Refer to reporting guide, procedure manual
— Provide remedial training, set goal
— Encourage culture correlation with Gram stains

— Encourage extra practice with supervision to
boost confidence

— Offer support, positive reinforcement

Summary

Accurate Gram stains can:

« Assess specimen quality

e Support or change diagnosis

< Guide initial antibiotic therapy

< Guide media selection and culture work-up
* Provide mechanism for culture correlation

Gram stains will remain the cornerstone of
clinical microbiology.

1

A competenttechnologist can meet the
challenge of providing clinically
relevant, cost-effective interpretation
of Gram stained specimens. This
competency directly contributes to a
positive patient outcome our ultimate
goal!
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Slide Practical

Microbes in Action;

Clinical Case Studies
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