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Surviving Proficiency
Testing Legally

• To avoid mixups, set up specimens one at 
a time.

• Double or triple rehydration times.
• Subculture growth from primary plate 

before characterizing it.
• Gram stain incubated reconstitution 

broths.

• Call provider if specimen does not grow.

• With identification products with profiles and 
data bases, call equivocal reactions negative.

• Consider obtaining Bailey and Scott’s 
Diagnostic Microbiology (Mosby) and 
Koneman’s Color Atlas of Microbiology 
(Lippincott).

• Consider obtaining Mandell’s Principles and 
Practices of Infectious Diseases (Elsevier).



LACTOSE FERMENTER
Spot Indole Test

POSITIVE NEGATIVE

Presumptive E. Coli Klebsiella or 
Enterobacter/Serratia

Easy to kill

LACTOSE FERMENTER

Urease Positive Enterobacter/Serratia

Cephalosporin AST unreliablePresumptive Klebsiella

Cephalosporin Killable

Spot Indole Negative
Rapid Urea Broth

Swarming, Non-Lactose Fermenter

POSITIVE NEGATIVE

Proteus Mirabilis Presumptive Proteus 
Vulgaris

Cephalsporin AST 
Unreliable

Easy to kill

Spot Indole (BAP or CHOC)



Oxidase Negative
Non-Swarming

Non-Lactose Fermenter

Indole Positive
Urea Negative
PDA Negative

Spot Indole
Rapid Urea Broth

Rapid Phenyalanine Deaminase (PDA)

ETCIndole Negative
Urea Positive
PDA Positive

Presumptive
Proteus mirabilis

Presumptive
E. coli

ALPHA or Gamma
Hemolytic Streptococci

(Not from Blood Culture)

POSITIVE NEGATIVE

Enterococcus Streptococcus Viridans gr.
Streptococcus pneumoniae
Streptococcus bovis ETC.

PYR Reaction

Oxidase Positive
Non-Lactose Fermenter

Report as Presumptive 
Pseudomonas

(Aminoglycosides and quinolones only 
reliable therapy for Oxidase Positive 

Infections.)



Staph Aureus Molecular Biology

• Staph aureus sequentially assemble proteins to make 
cell walls.

• Attachment of anti-Staph penicillins and cephalosporins 
to penicillin binding proteins (PBP’s) stops cell wall 
construction.

• MRSA’s have altered PBP’s to which the antibiotics 
cannot attach, conferring resistence.

• The gene that codes for altered PBP’s is called MecA

Staph Aureus Diversity

• Most produce beta lactamase that inactivates penicillin 
and amoxicillin.  A few strains produce hyper amounts of 
beta lactamase in vitro to inactivate oxacillin, but not 
enough to prevent it from being eradicated in the patient.

• In a mixed population of MRSA’s and MSSA’s, the 
MRSA fraction may be present in smaller amounts and 
grow slower than the MSSA’s, escaping detection in 
some instruments.

• Occasional strains of MRSA have mecA genes that are 
not expressed when incubated with oxacillin, but can be 
induced when incubated with cefoxitin and detected as 
being cefoxitin resistant.

Detecting MRSA Isolates

• Do latex test to detect altered PBP’s to 
identify MRSA’s.

• Confirm automated instrument oxacillin 
result with either PBP and/or cefoxitin disk.

• Newer instruments have built in cefoxitin 
disk confirmations that override oxacillin 
result.



Cefoxitin vs PBP Latex

• Compared to the gold standard presence of 
mecA both are 98% sensitive and 98% specific.

• PBP latex gives same day detection of MRSA 
colonies, cefoxitin disk testing requires overnight 
incubation.

• Cefoxitin disk overnight incubation detects slow 
growing MRSA’s plus the rare strains in which 
the mecA gene needs to be induced.

• Do Cefoxitin disk confirmations by using the 
instrument inocula McFarland 0.5 standard to 
inoculate a small Mueller Hinton plate.

• mecA negative MSSA’s producing hyper 
amounts of beta lactamase that cause it to test 
resistant in older instruments will test PBP 
negative and cefoxitin disk sensitive.

• Use 0.5 McFarland instrument inoculum to also 
do the D test for inducible Clindamycin 
resistance on the same MH plate with 
clindamycin and Erythromycin KB disks.

Detection of VRSA

• Some instruments may miss VRSA
• Populations of Staph aureus tend to be heteroresistant
• Use 0.5 McFarland instrument suspension to inoculate 

small Mueller Hinton agar
• Do overnight E test for VRSA



Causative antibiotic prescribing practices

• Inappropriate use of third generations cephalosporins 
(e.g. ceftriaxone for clean surgery prophylaxis)

• Inappropriate use without cultures of flouroquinolones, 
especially levofloxacin

• In a mixed Staph population, these have just barely 
enough activity to kill the more sensitive Staph, but not 
MRSA’s

• This creates environment where MRSA’s survive and 
thrive

Reducing the MRSA prevalence

• Limit use of levofloxacin, moxifloxacin, and gatifloxacin 
and ALWAYS do a culture

• Never use levofloxacin, gatifloxacin, or moxifloxacin for 
empiric therapy of UTI in patients who can take 
trimeth/sulfa

• Ceftriaxone or ceftotaxime plus azithromycin for 
community acquired pneumonia provides comparable 
coverage to quinolones without selecting for MRSA

• Do more cultures, switch to older, cheaper, narrow 
spectrum antibiotics

Which sites to test for MRSA 
Carrier State

• Nares

• Throat
• Rectum

• Wounds, skin lesions



Chromagenic MRSA Agar

• Inoculate chromagenic MRSA plate and BHI/NaCl broth
• Read on days 1 and 2 looking for colored colonies.
• Sub BHI broth to second chromagenic agar if primary 

plate is negative on day 1.
• Gives rapid visual recognition of MRSA for possible 

reading by late shift generalists of cultures set up 
previous evening.

PBP Latex Method

• Inoculate blood agar plate and BHI/NaCl 
broth

• Test Staph aureus colonies with PBP latex
• Can use PBP latex to test Staph aureus 

isolates from clinical specimens not 
inoculated onto chromagenic agar

Gene Ohm Smart Cycler

• 2 hour rapid PCR method
• Current model requires preparing 8 specimen master 

mix with 3 hour expiration
• Smaller model under development
• Requires technologist with good molecular skills
• FDA approval pending for direct wound specimen and 

positive blood culture fluid MRSA testing

Molecular MRSA carrier state detection



Cepheid Gene Expert

• Single specimen cassettes with on board positive and 
negative controls

• 2 hour rapid PCR method
• As easy to perform as a throat rapid Streptococcus 

antigen test
• FDA approval pending for direct wound specimen and 

positive blood culture fluid MRSA testing

“Sticky” MRSA Infection Control Issues

• Contact precautions effective, but costly, hard to enforce 
and hated by patients

• “Guilty until proven innocent” contact precautions very 
effective, used extensively in Europe, but costly and 
requires many extra beds

• “Innocent until proven guilty” precautions less expensive 
and more accepted by patients, but less effective in 
preventing hospital MRSA spread

• Rapid 2 hour molecular testing definitive and make these 
non issues

Who Pays for Molecular Screening?

• Molecular screening fast, accurate, but very expensive
• Considering costs of hospital acquired MRSA infections, 

several large hospitals and hospital groups have found it 
highly cost justified

• Cannot charge DRG and other fixed reimbursement 
patients and uninsured for MRSA molecular screening

• Several states have passed bills mandating reduction in 
MRSA and other nosocomial infections, but have not 
specified culture or molecular methods



Paying for Molecular Screening (cont)

• Insurance company lobbies, in states enacting mandatory MRSA 
screening, have not opposed provisions that they pay for screening.

• States in which mandatory screening has been passed have not 
increased Medicaid funding to pay for any type of screening in DRG 
and uninsured patients consequently, because of cost differences, 
culture chosen by default.

• Pilot “pay for performance” studies in progress may result in higher 
Medicare or Blue Cross reimbursements for zero tolerance 
molecular MRSA screening.

• Possible future reductions in hospital malpractice premiums for 
hospitals doing molecular MRSA screening and immediate contact 
precautions.

Problems with MRSA’s Running Wild

• Many test sensitive only to vancomycin and linezolid.

• Vancomycin requires IV access port 24/7, daily trips 
to infusion center, blood toxicity testing, and costs 
$100 per day.

• Vancomycin bad news if treating a non serious 
MRSA infection, such as a wound, skin, or ear 
infection, especially children.

MRSA Therapy Problems (cont)

• Against life threatening infections caused by 
vancomycin sensitive MRSA, vancomycin has a 40% 
failure rate against pneumonia (Sakoulas 2004; JCM 
42:2398) and blood infections (Moise Int J Antimicrob 
Agents 2000; Supl 1 S-31-S34).

• Linezolid (Zyvox) costs $120 per day and has slight 
hematologic toxicity risks.

• Linezolid not a treatment option for uninsured 
patients.



Rifampin Combo Therapy
to the Rescue

• Rifampin an old antibiotic still used to treat 
tuberculosis.

• By itself, ineffective against Staph- NEVER use 
alone.

• When combined with other anti-staph antibiotics, 
resultant synergy markedly improves cure rates.

• Very clinically effective combined with 
vancomycin, trimeth/sulfa, minocycline, and 
ciprofloxacin.

Rifampin Pharmacology

• Eliminated via liver, which may necessitate lowering 
dose if liver is impaired.

• Very few contraindications and severe drug 
interactions, but speeds up metabolism of other 
medications eliminate via liver.

• If used with rifampin, increased doses of anti-
coagulants, anti-seizure drugs, narcotics, certain 
cardiac medications, and birth control pills may be 
needed.

• Pharmacist consultation always a good idea when 
suing rifampin.

Treating MRSA Bactermia, Pneumonia, 
Other Lethal Infections

• Vancomycin used alone ineffective, but clinical 
outcomes improved when oral rifampin is added 
to vancomycin (Gang et al Burns 1999; 25:640-
644) and Burnie et al (Clin Inf Dis 2000; 41:684-
689)

• For all types of infections in dialysis patients, 
vancomycin plus rifampin preferred.

• Pharmacology of trimeth/sulfa and tetracyclines 
in dialysis patients unpredictable.



MRSA Wounds, Skin, Ear, Other Non-
Serious Infections

• If sensitive to both, rifampin plus trimeth/sulfa may be 
an alternative to IV vancomycin.

• If T/S resistant or patient sulfa allergic, minocycline 
plus rifampin may be an alternative to IV vancomycin.

• Minocycline contraindicated in pregnancy and 
pediatrics.  Must swallow whole with full glass of 
water.  To avoid inactivation by calcium binding, take 
between meals to avoid milk products and do not 
take calcium salt antacids.

• Both oral therapies above available as generics and 
cost only $15 per day.

MRSA Therapy Rapid Interventions

• If molecular testing shows MRSA carrier state and 
blood or lung cultures or gram stains show Staph, 
immediately institute rifampin plus vancomycin.

• If molecular testing shows MRSA carrier state and 
patient has gram stain evidence of wound or other 
non-serious infection, immediately switch to rifampin 
plus trimeth/sulfa or minocycline.

• If PBP latex identifies Staph aureus colonies to be 
MRSA, proceed as directed above.

• See our report formats.

Fruit of the Loom Microbiology

• Use CLSI interpretive breakpoints for all antibiotics, 
including rifampin, trimeth/sulfa and minocycline 
(tetracycline predictive).

• Use “think about this” soft language that presents 
refampin combination therapy as option to consider, 
but not as a directive or guarantee.

• In all published clincial studies to date, most are 
favorable and no evidence of clinical antagonism.



Physician Rifampin and Minocycline 
Unfamiliarity

• Having never used these, many physicians 
uncomfortable prescribing rifampin or minocycline.

• Solution is to place brief basic pharmacology 
information on report.

• See our sample report format.

Why do some physicians don’t use 
rifampin combination therapy?

• Mistaken belief that vancomycin is only “gold 
standard” magic bullet and its clinical failures 
against VSSA are unavoidable.

• Not offered by lab as an option.

• Fear of developing rifampin resistant Staph and 
other bacteria.
® May happen if rifampin reported by itself in column 

with other antibiotics.
® Less likely if rifampin AST reported only as part of 

synergy statement.

• Good supportive retrospective studies, but no 
double blind prospective studies.

• In a prospective MRSA bacteremia study, MRSA 
bacteremic control groups receiving vancomycin 
only would have 40% risk of failure and death.

• Patients in a study receiving IV vancomycin for 
non-serious MRSA infections would become 
extremely angry after talking to patients 
successfully treated with oral rifampin 
combination therapy.



Rifampin combinations MRSA therapy alternatives 
(serious infections)

Vancomycin plus Gentamicin

• Supportive animal model and in vitro studies, but no 
human retrospective studies

• Possible option in patients with good kidneys but 
impaired livers or where there is epidemic tuberculosis

• Would be hard to manage if patient had poor renal 
function

Vancomycin plus flouroquinolones, carbenpenems

• Supportive in vitro data, but no animal or human studies

Healthy Patient MRSA Wound Therapy

• If susceptible, can use high dose trimeth/sulfa 
single drug therapy.

• If tetracycline susceptible, can use minocycline 
or doxycline monotherapy.

• Cannot use minocycline or doxycycline in 
pediatric patients or pregnant women.

• Consider rifampin combination therapy if patient 
has wound healing problems and/or deep wound 
involvement.

Ceftibiprole

• Newly released cephalosporin that kills MRSA 
by attaching to the PBP’s that do not bind other 
cephalosporins and penicillins

• Has activity against Enterococci and has 
extended spectrum of activity against gram 
negatives resistant to other cephalosporins

• Initial reports of safety and efficacy look good

• Effects on normal flora, other suprises???

• Costs issues???



Unanswered Questions

• If vancomycin was released today, would the FDA require a warning 
not to use it alone to treat life threatening infections?

• Will experts agree on strategy to temporarily decolonize hospital 
MRSA carriers and avoid need for contact precautions?

• Will a strategy be developed to permanently decolonize MRSA 
carriers?

• If rifampin were never used alone, but always in combination with 
another anti-Staph antibiotic, would this increase prevalence of 
rifampin resistant TB?  This is especially of concern in poorer and 
developing countries.

• Your unanswered or unanswerable questions??  Please share with 
us!!

Likely Bacterial Agents of 
Bioterrorism

• Botulism Toxin
• Francisella tularensis (Tularemia)
• Bacillus anthracis (Anthrax)
• Yersinia pestis (Plague)



Bacillus Anthracis (Anthrax)

• Has a cutaneous form, acquired from 
animals.

• Respiratory form is biphasic, hard to 
diagnose.

• Spore forming, non-hemolytic on blood 
agar.

Yersinia pestis (The Plague)

• Usually transmitted by bites of rodent 
fleas.

• Swollen lymph node (Bubo) is classic 
finding.

• Pneumonia form rapidly fatal, 
transmissable.

• Bipolar staining gram negative rod, non-
lactose fermenting gram negative rod.

Bioterrorism Bottom Lines

• Look for blood cultures or lymph nodes 
positive for non-hemolytic spore forming, 
large gram positive bacilli.

• Also look for bipolar staining, non-lactose 
fermenting aerobic gram negative rods.

• Inquire as to whether patient has lung 
infection or swollen lymph nodes.

• Send all cultures and specimens to nearest 
designated reference lab.  Do not attempt to 
identify or otherwise handle these.



WHY ARE GRAM STAINS
Medically Necessary

• Instantly tell if patient has serious 
infection.

• Instantly tell if antibiotic is correct.
• Occasionally are only way to diagnose 

infection.
• Help distinguish colonization from 

infection.
• Provide assessment of specimen quality.

General Hints
FOR GOOD GRAM STAINS

A. Allow slides to air dry.  You can speed up with slide 
warmer, no hotter than 45°C.

B. Fix slides with absolute methanol.  Less destruction 
of neutrophils, removes background debris and no 
scorched fingers, hands, etc.

C. Don’t apply reagents directly on smear.  Apply to 
edge and allow to flow over smear.

D. Wash off reagents with gentle streams of distilled 
water from wash bottle (controlled pH).

E. Etch location of smear with diamond  pencil after 
air drying step.  Helps locate smear and focus 
microscope.



Reporting Gram Stains

• A system of 1+, 2+, 3+, 4+ may confuse “non-
bug people”.

• The term “coccobacillus” also confuses doctors 
and nurses.  Instead describe organism in terms 
of what pathogen it most closely resembles.

• The term “rare” is often misinterpreted.  Instead, 
say “very few” or “very small amounts”.

• Quantitate other elements by terms “few”, 
“moderate” and “many”.

Colonies on Solid Media

A. Make a THIN suspension in drop of 
water on slide.

B. Allow to air dry to keep below 45°C.
C. Etch location of smear with diamond 

pencil.
D. Stain, decolorize and rinse GENTLY.

Clinical Specimens on Swabs

A. Do not stain what is left after media 
inoculation…not representative of specimen, 
only what is left.

B. Dip slide in alcohol, flame, cool and use sterile 
surface to do gram stain first.

C. Roll swab FIRMLY onto slide, using one half of 
swab surface.

D. Return to Culturette, squeeze ampule to force 
partition bound specimen onto swab, and then 
inoculate media.



Clear, Thin, or Watery
Body Fluids

A. Centrifuge at 1500 G to pellet bacteria.
B. Aspirate sediment and place on flamed 

slide.
C. Air dry, mark location with diamond 

pencil.
D. Stain, decolorize and rinse gently.

Hospital Bottom Line
• Affects ability to give raises, add staff

• Affects equipment budget

• Because microbiology is perceived as a 
“cost center,” may take the biggest cut 
when hospital is financially hurting



Improving Hospital Bottom Line

• Broad spectrum (blood, urinary tract 
infection, pneumonia) microbiology lab 
active intervention to improve patient care 
and reduce hospital stays

• Using more sensitive blood culture 
techniques to optimize septicemia 
prospective payment reimbursements.

What is a Clinical Specimen?

Is it an Inanimate Object?

Is it a Real, Live Person with a 
Problem?

Specimen is Inanimate Object 
Specimen Factory Mindset

• Patient is abstract idea to which lip service is paid.
• Conceptually, it’s as if there is a machine making them.
• Lab is like black box fed by conveyor belt…specimens 

go in one end, money and paperwork come out the other 
end.

• No thought is given to what results mean, how they are 
used, or when and if they are used.

• Lab supplies and labor are everything and are 
considered in a vacuum, as if the laboratory is on its own 
island.



Specimen is a Real, Live 
Person with a Problem

• Patient is a gift to family, friends, the world.
• Lab extracts as much information as possible 

from specimen to assist physician.
• Lab constantly thinks about results, how used, 

what they mean, and communicates rapidly.
• Conserving resources is important, but never at 

the expense of missing diagnoses.
• Quality of laboratory medicine markedly affects 

quality of patient care.

Important Homework

• Ask CEO/CFO how much money can be 
saved if ONE prospective payment patient 
(Medicare, Blue Cross, most others) ONE 
day in hospital.

• Answer usually in hundreds of dollars.
• Ask utilization review how many hospital 

days are paid for a UTI.

Traditional

TODAY Doctor orders culture. Gram Stain???

Day 1 Doctor makes rounds 8 AM-10 AM.
Lab sends out preliminary at 11 AM.

Day 2 Doctor sees preliminary report from Day 1.

Day 3 Doctor finally sees sensitivity data, starts
correct antibiotic.



So Who Gets Hurt?

• Patients with negative cultures?   No!
• Patients on correct antibiotics?    No!
• Patients with life threatening infection?

Usually not.
• Patients with significant, but not life 

threatening infection?  YES, OFTEN!

Rapid Communication
TODAY: Doctor orders culture.  Gram Stain done.  If “hot”

Gram Stain, investigate therapy.  Notify physician if there 
is a problem.

Day 1: Do presumptive identifications.  Set up definitive 
speciation, MIC’s.  Investigate antibiotic therapy on 
positives.  Notify physician if presumptive identification is 
discrepant from current antibiotics.  Record antibiotics in 
use.

Day 2: Read antibiotic sensitivities, identifications.  Notify 
physician of atypical resistances.

Why Bother With Rapid 
Communication?

A. Logical empiric therapy may fail because 
infections with resistant bugs clinically 
resemble infections with sensitive ones.

B. Microbiology occasionally provides 
surprises, especially with elderly 
patients.

C. Outcomes of any infectious disease 
process improves the sooner appropriate 
antibiotics are started.



D. Important microbiology reports may be 
lost in paperwork shuffle or overlooked 
by a busy clinician.

E. Under prospective payment, length of 
stay is crucial to hospital’s survival.  
Saving one patient one day in hospital 
is worth hundreds and will more than 
pay one technologist’s salary for a 
day.

Critical Culture Findings

• Positive Blood Culture
• Positive CSF
• Positive Internal Body Fluid
• Positive Internal Organ
• DIRECT PHYSICIAN CONTACT IS 

EXPECTED

Effective Lab-To-Clinician 
Communication

A. Emphasize intent to be helpful.
Communicate concern for patient, 
confidence in doctor.

B. Do not argue with doctor or express 
disappointment.

C. Terminate conversation by asking if 
additional lab assistance is needed with 
this patient.



Significant, But Not Critical 
Culture Findings

• Positive Urine Culture.
• Gram Stain Suggestive of Pneumonia.
• Positive Stool, Wound, Throat Cultures.
• Others.
• Direct physician contact not well received, 

especially if the antibiotics are correct.

Significant, But Not Critical Culture 
Findings (Cont.)

• Contact nurse to obtain up to date 
antibiotic therapy.

• Nurse may give lab valuable clinical 
information.

• Positive culture result may result in better 
care plan.

• Communicate with physician via office 
staff or note taped to front of patient’s 
chart.

Why Investigate Positive Urine 
Cultures?

• Most common cause of potentially fatal 
bacteremia.

• Can lead to severe complications.
• Clinical presentation often not diagnostic.
• Patient is uncomfortable.
• Patient is occupying hospital bed, cost 

$$$.



Medically Morally
Responsible Approach

Monday, 2 PM – 66 year old gentlemen presents at ER with high fever, 
pneumonia.  Since most community acquired pneumonia is 
pneumococcal, physician admits patient and starts high dose 
Penicillin, a very logical empiric choice.

Monday, 3 PM – Tech notices purulent sputum, does start Gram Stain 
and notes many polys and gram negative rods.  Calls nursing floor, 
notes mismatch between therapy and Gram Stain.  Notifies 
physician.

Monday, 4 PM – Physician switches to Kefzol plus Gentamicin.  7 to 10 
DAYS LATER – Patient discharged on oral drugs.  Has many more 
birthdays, Christmases, anniversaries, etc.

Typical
“Specimen Factory”

Approach

Monday, 2 PM – 66 year old “Old Goat” presents at ER with gram 
negative pneumonia.  Physician starts high dose Penicillin for 
community acquired pneumonia.

Monday, 3 PM – Tech notices sputum is purulant, but only sets up 
culture because, “If the doctor had wanted a Gram Stain, he would 
have ordered it.”

Tuesday, 8 AM – Doctor notes patient is doing poorly, guesses that 
Penicillin needs more time to work and doesn’t call lab.

Tuesday, 11 AM – Preliminary report of “Gram Negative Rod Isoalted”
is put on chart.

Tuesday, 7 PM – PATIENT DIES!!!

Wednesday – Physician sees preliminary report and 
says, “No wonder the Penicillin didn’t work.  That’s 
too bad.”

Friday, After Funeral – Relatives say, “He was an old 
man.  He died of pneumonia.”

NEXT WEEK – Lab passes CAP inspection and thinks 
it is great.

CHRISTMAS – Children say, “We really miss grandpa.”



Cost Effective Medically 
Responsible Approach

Monday – 68 year old grandmother has fever, UTI and is 
admitted.  She is started on Ampicillin, as most 
community acquired UTI is due to E. coli.

Tuesday AM – Organism is Lactose Fermenter, Indole 
Negative, Rapid Urea Positive.  Lab calls floor since 
most Klebsiella are Ampicillin resistant.  Doctor is 
notified via office staff.

Tuesday PM – Physician switches to Bactrim.

Wednesday – After sensitivity or organism is confirmed, 
patient is discharged on Bactrim.

Length of Stay – 1-2 days.

Penny Wise, Pound Foolish
Irresponsible Approach

Tuesday AM – Lab sends out report “Gram Negative Rod Isolated”.

Tuesday PM – Patient tells nurse she is feeling worse.  Nurse sees 
prelim report, presumes gram negative is E. coli, and tells patient to 
give antibiotic time to work.

Tuesday, Evening – Klebsiella invades kidney, resulting in 
phelonephritis, septic shock.

A Week or Two Later – Patient finally recovers from complications of 
gram negative bacteremia.  If she is lucky.

Length of Stay – 7-14 days x $400 per day = $$$

However, lab labor and supplies budget
looks great, and all is well

Contents of
Critical Values Procedure

A. Table classifying culture and microscopy 
findings into “critical” and “important.”

B. Communication protocols – who to call 
and when.

C. Table of “which antibiotics” are likely to 
be effective against “which bacterial 
morphotypes.”



D. For those cultures meeting criteria, 
Scheme, indicating which antibiotics 
are likely to be effective and 
ineffective.

E. Telephone use a table that is keyed to 
Rapid I.D. Report Form to place in 
physician’s office.  Suggest making up 
as pads.

Additional Points

A. Only one third of cultures are positive.  
Two thirds of positives are on 
appropriate antibiotic.

B. Can batch the “callers” by floor or unit.

C. Raid note pad speeds up communication 
to physicians’ office staffs.

High Volume or Busy Lab
ACTIVE INTERVENTION

• Lab aide/clerical person calls floor on positive cultures to 
obtain up-to-date antibiotic orders.

• A technologist compares antibiotics in use with projected 
sensitivities from presumptive identification or with 
instrument identification, and sensitivity testing results.

• Active intervention performed by technologist, infection 
control practitioner, clinical pharmacist, pathology 
resident, rotating medical student/intern/resident, etc.

• Rapid transcription notes taped to front of chart, relieves 
lab of time needed to track down the right physicians.



High Volume, Automated Lab 
Intervention

• Technologists give lab aide/clerical person lists of 
positive cultures.

• From floor to computer link to pharmacy, clerical person 
obtains current antibiotic therapies and writes them on 
the automated instrument worksheet or on computer 
record.

• As soon as sensitivity data is generated by instrument, it 
is compared immediately with antibiotic therapy.

• If offending organism is resistant to current therapy, or if 
there are no antibiotics in use, active intervention is done 
by designated laboratory person, infection control, 
clinical pharmacist, pathology resident, medical student, 
etc.

Clinical Impact of
RAPID IN VITRO

SUSCEPTIBILITY TESTING

• Studied impact of providing susceptibility and 
identification information one day sooner using an 
instrument method.

• 673 patients:  prospective, randomized, and 
controlled into two groups.

• Patients with rapid tests had fewer deaths (8.8% vs 
15.3%).

• Rapid testing group had fewer lab studies, fewer 
imaging procedures, fewer days of intubation, and 
fewer days in ICUs.

• Patient costs for hospitalization significantly lower in 
rapid test group.

Doem, et al.  J Clin Microbiol 32:1757-1762 (July 1 994)

Improved Antimicrobial
Interventions Have Benefits

• Studied impact of pharmacist active intervention, using 
computer linked to lab sensitivity testing instrument.

• Did rigorous statistical analyses, using DRG and disease 
severity matched control and study groups.

• Intervention done on study group when sensitivity data 
downloaded in pharmacy.

• Compared to the control group, with no intervention, 
study group had 1.4% lower mortality.  1 to 2 day shorter 
stay, and $1,466 decreased costs per patient.

Barenfanger.  J Clin Micro 2001;39:2823-2828.



Fringe Benefits of
Rapid Communication

A. Improved physician – lab relations.
B. Improved technologist morale.
C. Rapid communication of outpatient results increases 

outpatient test volume.
D. Decreased phone calls on negative cultures.  Possibly 

fewer duplicate culture specimens.
E. With documentation, meets standards for an 

acceptable quality assurance and/or drug utilization 
review activity.  Photocopy notes, document antibiotic 
therapy changes.  Instant wonderful 
statistics/paperwork.

Ways to meet financial demands or 
managed care and mergers

A. Fire a large number of people.

B. By actively intervening to shorten 
hospital stays, reduce complications, and 
reduce procedures, give extra value and 
“more bang for the bucks”.

Key Question
To Ask Yourself

If the patient was your relative or close 
friend, would you want information 

that could help the person you loved, 
to stay bottled up in your microbiology 

laboratory?



WHEN AND WHY
Blood Cultures are Ordered

• Done whenever there is suspicion that 
bloodstream has been invaded.

• Bacteremia or Sepsis implies breakdown 
of normal host defenses.

• Bacteria gain easy access to all vital 
organs.

• Serious complications and/or death likely.

Common Medical Indications for
BLOOD CULTURE

• Fever
• Pneumonia
• Severe Urinary Tract Infection
• Suspected severe intra-abdominal 

infection.



• Suspected Heart Valve Infection

• Suspected Meningitis

• Markedly Elevated (>12,000) or 
Depressed (<3,000) White Blood Cell 
Count

• Unexplained High or Low Blood 
Pressure

Knowing Patient is Bacteremic 
is Important Because:

• Patient is 3-5 times more likely to die if 
antibiotic is wrong.

• Doctor knows what complications to 
expect.

• Doctor can find source of infection.
• Doctor can institute life saving, non-

antibiotic support measures.

Increased Prospective Payment 
Reimbursements

• Patients with septicemia more severely ill and 
require more resources.

• Medicare, most other insurers reimburse $$$ 
more if patient has positive blood cultures.

• Many elderly patients have low grade septicemia 
symptoms.

• Cannot code these as sepsis without positive 
blood culture.



Examples

• DRG 871 & 872 (Sepsis) $6,481-$10,536

• DRG 864 (Fever unknown origin) $4,774

• DRG 690 (Urinary tract infection) $4,388

• DRG 795 (Pneumonia) $4,230

Afebrile sepsis with false negative blood culture costs THOUSANDS!

Quickie Financial Impact Study

• Count the number of DRG 871’s and 872’s 
(sepsis) and multiply by the reimbursement 
amounts for a given period of time in your 
hospital.

• Approximately half of the patients properly 
coded as septic could not have been done so 
without a positive blood culture.

• Impress your lab manager, CEO, CFO’s with the 
big bucks generated by Microbiology and be a 
financial hero!!

Critical Point

• In order for hospital to receive additional sepsis 
reimbursement, physician must document in 
discharge summary.

• If DRG coder does not receive chart until after 
discharge and physician hasn’t acknowledged 
septicemia, coder must ask doctor to rewrite 
discharge summary.

• GIANT HASSLE!!!!



Easy Fix

• When blood culture turns positive for significant 
pathogen immediately photocopy and give to 
coder.

• Coder then goes to floor, checks chart for proper 
documentation.

• If necessary, coder works with physician to 
improve documentation prior to discharge.

• Keep financial stats, score points with CEO/CFO 
for quantitative good deeds.

Buggy Bingos

• Microbiology – coder interaction obtains 
more money for hospital.

Double Buggy Bingos

• Microbiology-coder-doctor interaction both 
improves outcome and optimizes 
reimbursement.

Medical Value of a
Negative Blood Culture

• Means that bloodstream has not been invaded 
and prognosis is good.

• If patient has abdominal complaint, means that 
patient may be able to be managed medically, 
instead of surgically.

• Supports decision to switch from IV or IM 
antibiotics to oral antibiotics.

• Supports decision to allow patient to be 
discharged.



Gram Neg. Aerobic Rods
(E. coli, Klebsiella, Pseudomonas, etc.)
• USUAL SOURCES: Urinary tract, bowel, lung.

• POSSIBLE COMPLICATIONS: Shock, 
bleeding, fever, DEATH.

• POSSIBLE SUPPORT MEASURES:

Remove Foley Catheter.

Find and correct intraabdominal problems.
Watch for and control bleeding.
Watch for and manage shock.

Note:  A false negative Blood Culture here is a DIS ASTER!!

Staph. aureus

USUAL SOURCES: Serious wound or 
abscess.

COMPLICATIONS: Exoenzymes destroy 
vital organ tissues and organ function 
(Purple, People Eater).

SUPPORT MEASURES: Drain or excise 
abscess or wound.

Strep. pneumoniae

USUAL SOURCES: Usually lung, 
community or hospital acquired 
pneumonia.

COMPLICATIONS:  Meningitis, Pericarditis.
SUPPORT MEASURES:  Improve lung 

function.



1991 Blood Culturing 
Consensus

A. Collect at least 2 Blood Culture sets.
B. Draw at least 20 mL of blood on adults, 30 mL 

is better.
C. Draw independent of whether and when 

patient spikes a fever.
D. Systems which lyse blood cells (isolator and 

Bactec Resin Bottles) give better recovery or 
Staphylococcus aureus.

*Symposium at ASM convention in Dallas.

Timing of
Blood Culture Collections

A. For the small fraction that are critically septic, collect 2 or 3, one 
right after the other.

B. Vast majority of bacteremic patients have it intermittently, on and 
off.  For this reason, it is best to space collections at least an hour 
apart, drawing 2 or 3.

C. Recent data from Thomson shows peak of fever not best time.  
Peak bug population in blood occurs 30 min. to 2.5 hrs. BEFORE 
fever spike.

D. Note that some elderly patients and other compromised patients 
have poor or absent fever response.  Drawing Blood Cultures 
should not be contingent on spiking fever.

COMMON MISTAKES
In Blood Culture Collection

• Not allowing iodine to remain on skin 30 to 60 
seconds.

• Changing needles after drawing specimen.

• “Disinfecting” blood culture bottle top with same 
swab(s) previously used to disinfect 
venipuncture site and/or palpation finger.  Use 
separate alcohol swab for blood culture bottles.



Effective Phlebotomist Inservice

• Ask a physician to prerecord talk on 
medical importance of blood cultures.

• Ask physician to talk about problems 
caused by blood culture contamination.

• Demonstrate proper technique.
• Record who draws each blood culture.
• Use procedure trays.

Quantitation of Bacteremia
Newborn

1-49 Bact/mL 54%
50-1000 Bact/mL 14%
>1000 Bact/mL 32%

Adult
<1 Bact/mL 58%
1-49 Bact/mL 33%
>50 Bact/mL 9%

*Data from Matsen, 1983

Importance of
VOLUME OF BLOOD CULTURED

CONVENTIONAL BOTTLE:  36% increase in 
number of significant isolates when 20 mL is 
drawn instead of 10 mL.

REFERENCE:  Illstruip and Washington; Diag. 
Microbiol. Infect. Dis. 1:107(1983)

BACTEC:  23% increase in number of significant 
positives when 30 mL is drawn, versus 20 mL

REFERENCE:  Koontz, et al.; Diag. Microbiol. 
Infect. Dis. 14:111(1981).



AEROBIC vs ANAEROBIC
Incubation

• Aerobic (vented) incubation increases recovery of 
Enterobacteriaciae, non-fermentera, Haemophilus, Staphylococci, 
yeast, and fungi.

• Anaerobic (unvented) incubation increases recovery of anaerobes 
(rarely encountered) and oxygen intolerant Streptococci 
pneumoniae (rarely encountered).

• Routinely employing two aerobic bottles, making anaerobic blood 
cultures a special request, is best approach.

• Bacteroides and Clostridia are occasionally recovered in aerobic
bottles.

Ref:  Morris et al., JCH 31:2110-2113 (1993) and Mu rray et al., JCH 
30:1452(1982).

Blood Culture Draw Volumes
Age

Less than 10
Draw Volume Instructions

Less than 10 Draw 1 mL of blood for 
each age of life

Aerobic Adult Bottle

Over 10, good veins 30 mL Two Aerobic Adult 
Bottles (10 mL)

One Unvented Bottle 
(10 mL)

Over 10, poor veins 20-30 mL obtainable Two Aerobic A dult 
Bottles (10 mL each) 
Remainder in unvented 
bottle

Over 10, poor veins

Over 10, poor veins

10-20 mL obtainable

Less than 10 mL 
obtainable

Divide evenly between 
two aerobic bottles

Aerobic Adult bottle

Financial Justification for Third Bottle

• Increases recovery 20%
• False negative blood cultures cost $2,000 

to $8,000
• One extra positive pays for many extra 

bottles
• Midwest hospital figures – 4:1 payoff ratio



SIGNIFICANT POSITIVES
Contact Physician Directly

• Bacteremia has high mortality, a fact often 
not appreciated by nurses and office 
personnel.

• Physician may increase dosage and/or 
add second drug for synergy.

• Physician may address source of infection, 
alert nurses to possible complications, 
and/or institute other support measures.

Handling Possible
SKIN CONTAMINANTS

• Include coagulase negative staphylococci, 
diptheroids, Streptococcus viridans.

• Can be “weeds” or can cause 
opportunistic infections in patients with 
impaired immune defenses or foreign 
devices (e.g., IV’s, artificial heart valve, 
orthopedic devices).

• “Rules of Thumb”.

Handling Possible
SKIN CONTAMINANTS Cont.

• Report number of bottles positive for the same organism out 
of number drawn that day (e.g. 3 out of 6 etc.)

• If multiple bottles positive for the same possible contaminant, 
inquire about risk factors for skin flora bacteremia (e.g. IV, 
intravascular line, hemodialysis port, artificial joint, etc.

• Inform physician of skin flora bacteremia risk factor, if present, 
but do sensitivity testing only if requested.

• PYR testing of all coagulase negative Staph blood culture 
isolates.  Test for Staph lugdinensis if PYR positive.  
Associated with unsuspected endocarditis, osteomyelitis, 
other serious infections.



Positive or Suspicious Bottles

• Gram Stain all suspicious bottles.

• Take advantage of fact most 
bacteremias are due to a single 
organism.

Gram Stain Possibilities Subculture to

Gram Positive 
Cocci
(singly and in 
clumps)

Staph. Aureus

Staph. Epid.

Anaerobic cocci

Anaerobic Agar

Blood Agar

Chromagar 
MRSA

Tube Coag

Do Sensitivity 
next day from 
plate

Gram Stains

Gram Stain Possibilities Subculture to
Regular shaped, Gram 
Negative Rods 
(Enterobacteriaciae)

E. Coli

Klebsiella

Proteus

Pseudomonas

Anaerobe

Blood Agar

MacConkey Agar

Chocolate Agar

Anaerobic Neomycin



Growth Possibilities Subculture to

Tiny Gram
Neg. Bacilli

Haemophilus

Brucella

Anaerobic Gram 
Neg. Rod

Choc Agar (CO2)

Anaerobic Agar

Direct Latex

Direct Latex Technique
(Mallow, et al., ICAAC 1987 ABST. #206

• Centrifuge blood culture fluid at low speed 
to sediment RBC’s.

• Heat at 100°C for 10 minutes in 3 volumes 
of EDTA to destroy interfering factors.

• Clarify by centrifugation and test 
supernatant for antigen of bacteria seen 
on blood culture fluid gram stain.

Growth Possibilities Subculture to

Gram Positive Cocci 
(pairs or in chains)

Strep. Pneumoniae

Strep. Bovis

Beta Strep

Strep. Viridans

Anaerobic Strep

Others

Direct Latex

BAP w/Optochin & 
Bacitracin Disks

Bile Esculin Slant

Anaerobic Agar



• Bile esculin positive, PYR positive Enterococcus
GU tract, endocarditis requires gentamicin plus 
ampicillin or vancomycin.

• Bile esculin positive, PYR negative possible
Strep. Bovis.  Endocarditis, CA of colon.  No 
resistance to penicillin, cephalosporin.

• Bile esculin negative – Other penicillin and 
cephalosporin sensitive streptococcus.

Gram Pos. Cocci
(in chains or pairs)

After Hours Communication of 
Positives

• Gram-negative rods are rarely contaminants, and 
there is high mortality due to shock and bleeding.

• Laboratory contacts attending nurse, who 
immediately contacts the physician, regardless of 
time of day or night.

• Gram-positive cocci and other bacteria are 
occasionally contaminants.  Most antibiotics kill gram-
positive cocci.

• Laboratory contacts nurse, who calls physician only if 
patient appears septic (e.g., fever and/or shock) and 
is not on an antibiotic.  Physician not contacted after 
hours if patient is stable and on an antibiotic.

Blood Culture Methods

• Septi Chek
• Isolator
• Instrument methods
• Conventional bottles



Conventional Bottles

• Insensitive, miss positives, 
reimbursements

• Too slow
• Too labor intensive – must subculture
• No cost savings compared to instrument 

or other methods

Septi-Chek

• More sensitive than conventional bottles.

• Inversion of the bottles, with the media 
paddle attached subcultures.

• Differential and selective media on paddle 
helps give presumptive identification.

Isolator

Advantages:
• Extremely fast, usually yields isolated 

colonies next day or second day.
• Lysis of white blood cells increases yield 

of Staphylococcus aureus.



Isolator

Disadvantages
• Need to purchase special centrifuge.
• Unforgiving of errors in sterile technique.
• Adult only system…problems with 

pediatric isolator.
• Initial processing time increased.

Automated Blood Culture Instruments

• Constant agitation

• Constant monitoring

• Interface with lab computer

• Labor efficient way to handle negatives

• Cost competitive with manual methods

Instruments Currently Available

• Bactec

• Bact/Alert

• Versa-Trek



Comparison Studies

• Bactec resin vs Bact/Alert Std
• Bactec resin vs Bact/Alert FAN
• Bact/Alert FAN vs Bact/Alert FAN
• Bactec resin vs Versa Trek

• Resin not visible on gram stain.
• Resin provides solid surface to which 

bacteria can attach and thrive.
• Lyses white blood cells containing 

staphylococci.
• Breaks up bacterial aggregates, speeding 

up growth.

Resin Bottle Advantages

Resin Performance in Clinical Studies

• BACTEC/F resin media has demonstrated 
the ability to recover more significant 
isolates than any competitive blood culture 
system.
– ~3.0% vs BacT/Alert FAN
– ~23.6% vs BacT/Alert Standard
– ~18.5% vs BacT/Alert Standard
– ~9.5% vs BacT/Alert Std & Fan
– ~14.5% vs BacT/Alert PediBacT



Patients on Antibiotics

• Four blood culture studies reported the 
number of patients on antibiotics when 
blood cultures were obtained
– 36% (J Clin Micro 35:2634-2638, 1997)

– 32.9% (J Clin Micro 35:53-58, 1997)

– 28.6% (Clin Infec Dis 24:584-602, 1997)

– 63% (J Clin Micro 33:2856-2858, 1995)

BACTEC RESIN vs 
BACT/ALERT STANDARD

Smith et al. JCM 33:1905-1908 (1995)

• 10,000 bottle study
• Bact/Alert std missed 33% of Staph 

aureus.  Staph aureus detected by 
Bactec resin

• Bact/Alert standard missed 25% of 
cases of Pseudomonas

• Large sepsis reimbursement losses

Clinical Comparion of BACTEC Resin 
Media and BacT/Alert FAN Media

• Comparative  Yield of 
Clinically Important 
Bacteria and Yeast from 
Patients Receiving 
Antibiotic Therapy
– BACTEC recovered approx. 

8% more isolates from 
patients receiving 
antimicrobial therapy.

– More of the isolates were 
those that were among the 
top 10 isolates that typically 
occur in blood cultures.

Greater recovery of 
gram neg bacilli

BacT/Alert had higher 
recovery of:

S. Aureus S. pneumoniae

E. faecalis C. albicans

E. faecium C. neoformans

E. Coli C. glabrata

E. cloacae

Other enterics

P. aeruginosa

Other Gram-bacili

H. capsulatum

Jorgenson, et al. JCM, Vol 35, No. 1, p. 53-58, Jan 1997



FAN BOTTLE vs. 
BACT/ALERT STANDARD
McDonald et al. JCM 34:2180-87 (1996)

• Analyzed 1,047 positive blood cultures
• Bact/Alert standard missed 126 cases of 

septicemia
• Chart review showed that 65% of the 

cases missed by standard bottle clinically 
significant.  Lost reimbursements.

Fan Bottle Helpful Hint

• Tilt slide slightly
• Put blood culture fluid at top of the tilt
• Charcoal particles should run down toward 

bottom of tilt
• Bacteria should stay near the top

Versa Trek

• More sensitive than Bact/Alert standard bottle

• Liquid only media

• Inactivation of antibiotics by dilution is main selling point

• No split aliquot head to head clinical studies vs Bactec 
resin or Bact/Alert FAN



Versa Trek vs Bactec Resin
Carrero, et al; ASM 2008 Abstract #C-174

• Seeded bottle study testing trough, mid level, and peak 
levels of cefoxitin, vancomycin and piperacillin in VT and 
Bactec resin bottles

• Tested MSSA, MRSA, E. coli, Klebsiella, Enterococcus, 
Pseudomonas

• Bactec resin recovered 100% of organisms at all 
antibiotic levels tested

• VT missed 55% of the challenge organisms and had 
longer times to recovery

Impact of Resin Bottle on 
Reimbursements

Whittier, 2003 ASM Convention, Abstract C-101

• Three metropolitan NYC hospitals 
consolidate lab services to core lab.

• Used Bact/Alert std bottle and ESP 
preconsolidation.

• Switched to Bactec resin post 
consolidation.

• With same number of blood cultures 
drawn, 40% increased sensitivity and 
$1,700,000 extra reimbursements.

Maximum Sensitivity and 
Reimbursements

$$$$$ Two Bactec aerobic resin bottles
or two FAN bottles plus anaerobic
bottle.

$$$$ Two standard Bactec or Bact/Alert
aerobic bottles plus anaerobic
bottle.



$$$ Bactec aerobic resin or FAN bottle
plus anaerobe bottle.

$$ Standard Bact/Alert or Bactec
bottle plus anaerobic bottle.

50 cents Conventional bottles

Lethality of
BACTERIAL BLOOD INFECTIONS

Patient Group Mortality

Young Adults 25%

Elderly, Febrile 35%

Elderly, Afebrile 64%

SURVIVAL of patients depends on the QUALITY 
of your Blood Culturing System.

Cost Effective Microbiology 
Conclusions

Lab, labor and supplies = small change

Extra hospital days = Big bucks
(HUNDREDS), patient
inconvenience

Missed DRG diagnoses = Big bucks 
(THOUSANDS) and poor 
patient care



Urine Cultures
Ancient History

100,000 Bacteria/mL = Infection
104 – 106 Bacteria/mL = Suspicious
<10,000 Bacteria/mL = Negative Culture

Note that these quantitative decision values came from 
work by Kass, done in 1955, intended by him to be used 
ONLY in evaluating the early morning, first voided 
specimen of the day, as bladder is efficient overnight 
incubator.

UNFORTUNATELY, many microbiologists never read the 
Kass paper and ran amuck with these criteria, applying 
to all urines received.

STAMM
New Engl J Med 307:463 (1982)

A. Colony counts as low as 100/mL significant in:

¨ Patients with frequency

¨ Patients drinking high volume of fluids
¨ Patients with partially treated U.T.I.
¨ Patients with Dysuria or Urethral Syndrome

B. Pyuria, by chamber count, best differentiation 
between significant low colony count and 
poorly collected specimen.



Le Testing Results
(1413 Urines)

Colony Count/mL Number Symptomatic (%)
100-1000 14 14(100%)
1000-10,000 27 19(70%)
10,000-100,000 48 33(70%)

¨ Combined inpatient/outpatient data.  Almost all 
outpatients symptomatic.

¨ Treatable infections missed if cutoff is 106=18%

¨ Treatable infections missed if cutoff is 104=9%

Wegner and Schrantz ASM Abstract C-363.  Las Vegas, 1 985

Less Common, but Significant
UTI PATHOGENS

• Gardnerella…Patients very symptomatic, often 
trimeth/sulfa failures.  Comprise 3% of positives.  
Usually high colony count.  Pure culture has tiny, 
misty, pinpoint colonies.

• Corynebacterium urealyticum (Gr. D-2 
Diptheroids)…Cause alkaline encrusted Cystitis.  
Rapidly Urease Positive; antibiotic resistant 
Diptheroids.

• Other Diptheroids…Urease Negative; sensitive 
to Gram Positive antibiotics.

• Lactobacillus…Significant if pure culture 
and patient is symptomatic.

• Haemophilus…Usually causes UTI in 
children, but can affect all ages.

NOTE: Inoculate Chocolate Agar Plate with 
0.01 mL Urine Loop to grow these and other 
low colony count positives.



Urine Culture Inoculation 
Protocol

• Inoculate Blood MacConkey agar biplate 
with 0.001 mL loop each side.

• Inoculate chocolate agar late with 0.01 mL 
loop.

• Chocolate agar plate detects low colony 
count positives and fastidious urine 
pathogens.

Urine Culture Reading
• Work up pathogens comprising at least 80% 

of the growth, at 100 bacteria per mL or more 
(I.e. relatively pure culture).

• If less than 20,000 bacteria per mL, report 
“good hydration may explain low colony count 
if patient is symptomatic”.

• Discard chocolate agar plate if growth on 
Blood/Mac biplate.

• Hold chocolate agar plate 3 days before 
calling it negative.

Berquist, et al.
Relevance of Urinary Sampling Methods in 

Patients with Indwelling Foley Catheters; British 
Journal of Urology;52:92-95 (1980)

• Shows discrepancies between catheter 
flora and bladder aspirates.

• Recommends caution in interpreting 
culture results from catheter urine from 
patients with chronically indwelling 
catheters.



Recommendations

• Consider not culturing asymptomatic 
patients.

• To monitor chronically catheterized, 
asymptomatic patients, culture urine 1 day 
after regularly scheduled catheter change.

• For symptomatic patients, change 
catheter.  Collect urine from clean 
catheter.

Handling Mixed Urine Cultures

A. Gram Positive mixture or Gram Positive/Gram 
Negative mixture – usually urethral flora:
<10,000 per mL – regard as negative
>10,000 per mL – request new specimen

B. No gram Positive or Gram Negative mixture:  Cath 
in place 4 days or less or clean void – ID & 
Sensitivity on dominant or most resistant.

Cath in place 5 days or longer – presumptive ID of 
dominant and Sensitivity on request.

Coagulase Negative Staphylococci
Use novobiocin to differentiate Staphylococcus 

saprophyticus

Staphylococcus epidermidis
• From catheter in place 4 days or less or 

clean void:  do sensitivity and include 
trimeth/sulfa.

• From catheter in place 5 days or longer:  
no sensitivity.  Suggest repeat 12-24 hrs 
after next catheter change.



Enterococcus Urine Culture Isolates
• Sensitive means “maybe”.  Resistant means “forget 

it”.
• Ampicillin and nitrofurantoin are antibiotics of choice.  

Levofloxacin, which often tests resistant, is marginally 
effective if it tests sensitive.

• Trimeth/sulfa often tests sensitive in vitro, but is 
clinically ineffective.

• Because patient may have or may develop kidney 
infection, report results of gentamicin synergy testing 
on each urine sensitivity report.

• Occasionally seen as irrelevant colonizer of “oldy 
moldy foleys”.

• In older males, Enterococcus UTI often secondary to 
prostatitis.

E. Coli
Sensitive to All, or Almost All, 

Antibiotics Tested
Consistent with patient having a simple

bladder infection

Multiply Resistant
E. coli, Klebsiella, Proteus, 

Pseudomonas, Enterococcus, etc.

If patient is not catherized, consistent with urinary tract 
structural problems (stones, tumors, strictures, etc.)

Conventional Urine Handling

Day 0 Dr. orders UA, is abnormal, but
nothing happens.

Day 1 Dr. sees abnormal UA, orders culture.

Day 2 Culture is positive, preliminary report

on chart after Dr. has made morning

rounds.

Day 3 Dr. orders wrong antibiotic.

Day 4 Dr. finally sees Sensitivity, changes to
correct antibiotic.

Cost to System…3-4 days x $400 = $1600



Urinalysis with Culture Extension

Day 1 A. Collect via sterile, midstream

technique and do Chemstrip 9 analysis.
B. No culture if Chemstrip is negative.
C. Automatic, immediate culture if urine

shows pyuria, proteinuria, or positive
nitrate.

D. Presumptive Ids, projected sensitivities,
rapid communication of positive culture
results.

Cost to System…1 day = $400 (Saves $800-$1200)

Instrument and Manual
URINE SCREENS

A. Rapidly tell which urine specimens do 
not need to be cultured.

B. Good Idea????

We Do Not Recommend
These Because

A. Most of the work in doing urine cultures is clerical time.  
Only takes 1-2 minutes to inoculate agar late and a 
few seconds to read negative culture.
Takes more time to screen urines, then go back and 
setup positives than it would to inoculate all urine 
specimens.

B. Screening often does not save money.  Reagents 
and/or instrument costs/test often more than cost of 
agar saved.

C. Very little value to patient care management decisions.
D. Too insensitive to detect low colony count positive 

cultures that are clinically significant.



MEDICAL MANAGEMENT OF
Patients w/Pneumonia

• All patients with pneumonia should receive “shotgun” or 
“cover the waterfront” combination antibiotic therapy.  
IGNORING SPUTUM CULTURE RESULT.

• Maintain “worst resistant case scenario” coverage if 
Gram Stain is unremarkable.  Most are this way.

• Goal of sputum culture is to determine if it is safe to treat 
with only 1 antibiotic targeted at 1 specific organism.

• Can be safe using one drug ONLY when sputum 
contains infected lung lesion material, i.e., purulant 
sputum w/moderate or more neutrophils and a dominant 
bacteria.  Most sputs are not like this.

Bacterial Pneumonia
EARLY STAGES

• Patchy involvement of parts of the lung.
• Abnormal chest sounds and chest x-ray.
• Material from infection site(s) not present in 

sputum.
• Sputum appearance is unremarkable.
• Gram stain shows few or no polys, mixed oral 

flora.
• Blood cultures are a good idea – may provide 

early diagnosis.



Bacterial Pneumonia
LATER STAGES

• More of the lung becomes infected and patient becomes 
dangerously ill.

• Infected lung material reaches bronchial tree and appears as 
purulent material in sputum.

• Production of purulent sputum is extremely significant risk factor 
for DEATH.  Do Gram Stains STAT on purulent lower 
respiratory tract specimens and AGGRESSIVELY check to 
make certain antibiotics are correct.

• Gram Stain showing moderate or more polys and the 
dominance of a single bacteria associated with these WBC’s is 
suggestive of severe pneumonia.

• Secondary infection w/resistant organism may occur if lungs are 
heavily damaged and/or if patient is in poor health.



Patient improves

• Gram Stain will show moderate or more 
neutrophils, but no bacteria.

• This will be followed by a change to few or 
no neutrophils, with mixed flora.

• Culture results are variable.  Despite the 
fact the patient is “on the mend”, the 
sputum may grow varying quantities of 
Gram Negative Rods and/or yeast.

Colonization vs. Infection

A. Colonization is the “peaceful”, benign 
inhabitation of a body site, which has its 
own normal flora, by a potentially disease 
causing microorganism.

B. The upper respiratory tract, the skin, the 
bowel, the vagina and healing wounds are 
sites that can be harmlessly colonized by 
potential pathogens, including Gram 
Negative Rods and yeast.

C. ISOLATION of a pathogen from a nonsterile 
body site does NOT guarantee that it is 
causing the observed signs of infection.

RESPIRATORY TRACT
Colonization vs. Infection

If a potential pathogen, such as a gram negative 
rod, Staphylococcus aureus, or a yeast is only 
colonizing, GENERALLY:

A. Sputum gram stain shows few or no polys and 
mixed flora.

B. Patient is afebrile, chest x ray is clear, and 
WBC is normal.

C. Sputum is not purulent, and other signs and 
symptoms of pneumonia are absent.



GRAM NEGATIVE ROD
Upper Respiratory Tract Colonization

• While it is inappropriate to direct single drug 
therapy at bugs that are “along for the ride” gram  
negative respiratory colonization is an important 
marker of poor lung defenses; it is a “red flag”.

• Patients with respiratory tract gram negative 
colonization are 10 times more likely to develop 
serious pneumonia due to wide variety of 
pathogens.

GRAM NEGATIVE ROD
Colonization medical Implications

• Colonized patients are at high risk for lethal GRAM 
POSITIVE infections.  Must use antibiotics to cover 
for these.

• Colonized patient may develop serious pneumonia 
due to colonizing gram negative rod or, a MORE 
RESISTANT gram negative rod.

• Lab should try to steer doctor away from using 
antibiotics if there is no pneumonia.  BUT if there is 
pneumonia, lab should encourage use of broad 
spectrum combination therapy.

• If physician wants one of the drugs used in 
combination to cover the colonizer, this is an 
appropriate reason for sensitivity testing.

Important MEDICAL
Microbiology Principle

Performance of an antibiotic sensitivity test is a 
MEDICAL DECISION that tells the physician:

A. This organism is the one solely responsible for 
the observed illness.

B. This is an infection that can be treated with a 
single antibiotic.

C. Use of any antibiotic on this report that tests 
sensitive will benefit the patient.



Dangers of Inappropriate
Sensitivity Testing

If the microbiology laboratory misleads the physician into 
using single drug therapy by doing sensitivity testing 
on a respiratory tract pathogen that is only colonizing:

A. If there is no pneumonia, antibiotic will not benefit 
patient, who may have to spend extra days in the 
hospital.

B. Antibiotic used will select for more resistant flora.
C. If there is pneumonia, physician may DROP coverage 

for the organism that is truly RESPONSIBLE for the 
pneumonia, instead of using an appropriate shotgun, 
combination therapy.

READING
Lower Respiratory Tract Gram Stains

• Scan entire area with 10K objective.  If 
expectorated sputum and specimen is mostly 
saliva, reject it (see protocol).

• Focus on areas in which neutrophils are 
clustered, ignoring bacteria in areas devoid of 
these white cells.

• Switch to oil immersion and determine if there 
are moderate or more neutrophils.

• Determine which organisms are inside of or 
immediately adjacent to the polys, and are 
making them “angry”.

REPORTING
Lower Respiratory Tract Gram Stains

• If there is a dominant organism associated with 
moderate or more neutrophils, be very 
descriptive.

Whimpy “Many gram positive cocci”.
Acceptable “Many gram positive cocci resembling

staphylococci

• When in doubt about a Gram Stain, ask for a 
second opinion.



Continued

• All staphylococcal antibiotics kill streptococci and 
diplococci, but the reverse is not true.  Therefore, if 
there is the slightest suspicion that staphylococci are 
present, report them and suggest staphylococcal 
antibiotics, pending culture results.

• Note that many strains of Streptococcus pneumoniae 
are anaerobes and/or adapt poorly to artificial media, 
resulting in negative culture.  However, a positive 
Gram Stain establishes the diagnosis, regardless of 
whether culture is positive.

• If no organism dominates, report as mixed oral flora, 
not listing or describing each individual morphotype.

Sputum Culture Media

Blood Agar CO2 incubation optional

MacConkey Agar CO2 incubation optional

Chocolate Agar CO2 incubation mandatory

Gram Stain.  Few or no neutrophils, no 
dominant organism associated with the polymorphs.

Haemophilus, Neisseria, all Alpha 
Hemolytic colony morphotypes

Report as normal flora

Yeast Report percent present.
Rapid Urea & Germ Tube.

Gram Negative Rods Indicates poor lung defenses.  
Possible colonizer.  RAPIDLY 
report presence to physician.  
Sensitivity testing ONLY on 
request.

Staphylococcus aureus Possible staphylococcus carrier.   
RAPIDLY reort presence to 
physician.  Sensitivity testing 
ONLY on request.



Gram Stain: Shows dominant organism 
associated with moderate or more neutrophils.  

Culture of Same Specimen: Shows normal 
flora or growth of a different pathogen.

• When culture and the Gram Stain do not agree, always 
believe the Gram Stain.

• In reporting, state that “organism in Gram Stain is the 
likely offending bacteria.”

• If a different pathogen grows in culture, do presumptive 
identification, report rapidly and do sensitivity testing 
ONLY on request.

GRAM STAIN: Dominant organism (ca 70%)
Associated with moderate or more neutrophils.  Same 

organism in culture.

Gram Stain Workup and reporting

Gram negative rods Automatic identification and
sensitivity testing of gram negatives
and Staph aureus

Staph aureus Immediate aggressive checking to
make certain antibiotics correct

Strept pneumoniae

Haemophilus

Branhamella



Additional, When Gram Stain 
Diagnostic

• Notify infection control if Staph aureus or beta 
hemolytic streptococci to initiate droplet precautions.

• Notify DRG coder if Staph aureus, beta hemolytic 
Streptococci, gram negative rod, for possible 
increased reimbursements if patient meets bacterial 
pneumonia clinical criteria and physician documents 
same (DRG89-DRG90).

• If gram stain diagnostic for diptheroid like bacteria 
and culture grows diptheroids, refer to reference lab.  
May be an opportunistic, lung pathogenic 
Corynebacterium species.



Sterile Lung Specimens

• Can include lung aspirates, open biopsy 
specimens, material collected during 
tracheostomy tube insertion.

• Inoculate both aerobic and anaerobic 
media.

• Identification and sensitivity testing of all 
pathogens.

• If mixed oral flora is recovered, verify 
collection methods.

Important Medical Principle

It is EXTREMELY BAD medical practice to base 
antibiotic therapy of otitis, pneumonia, or 
sinusitis on throat cultures because:

• The throat is NOT the site of infection.
• Pure throat cultures of S. pneumoniae, S. 

aureus, Haemophilus, and gram negative rods 
are recovered from equal percentages of sick 
and healthy children and adults (i.e., carrier 
state is quite common with these).

• Confusing affects of selective antibiotic 
pressure.



THROAT CULTURING
Medical Principles

• Use ONLY to differentiate treatable Streptococcal sore throats 
(15%) from viral pharyngitis.

• Only 5% of the patients from whom Gr. A Beta Hemolytic 
Streptococci are isolated are asymptomatic carriers.  Gr. A 
infection can have autoimmune complications.

• Higher percentages of patients from whom groups B, C and G 
are isolated are asymptomatic throat carriers, but in some 
patients, these can cause very mild to very severe treatable 
pharyngeal and tonsil infections.  These have no autoimmune 
complications.

• If one attempts to diagnose streptococcal pharyngitis on clinical 
appearance alone, there is a 25% false negative and a 25% 
false positive error rate.

Common “Bad News” Throat 
Culture Practices

• Placing bacitracin disk in primary inoculation zone .

Problem: False negative cultures from Grp. A 
Streptococci in zone of inhibition.

• Cutting grooves in agar to create anaerobic 
conditions.

Problem: Difficult to retrieve/differentiate bacteria in 
grooves.

• Using “postage stamp” type agar plates.

Problem: Insufficient surface area and not streaking for 
isolation greatly lowers (ca. 33%) culture sensitivity.

Other Less Obvious
PROBLEMS

A. Oxygen unstable beta hemolysin may prevent 
visualization of beta streptococci (5-10%).  
Need at least one anaerobically incubated 
plate.  Okay to wait until end of shift.

B. Masking of beta hemolytic streptococci by 
alpha hemolytic streptococci, diptheroids, and 
other oral flora.  Use of trimeth/sulfa (SXT) 
blood agar increases recovery about 20% or 
more.

C. Two plates better than one.



Sensitivity of
THROAT CULTURE METHODS

BAP (aerobic) plus SXT (anaerobic), 48HR = 100%

SXT (anaerobic), 48HR = 95%

SXT (anerobic), 24HR = 68%

BAP (aerobic), 48HR = 72%

BAP (aerobic), 24HR = 58%

Wegner, Witte and Schrantz, JAMA, Feb. 5, 1982

Throat Culture Set Up

A. Aerobic Blood Agar (with or without 
CO2).

B. Anaerobic SXT in Gas Pak Jar or 
anaerobic Biobag (economic decision).

C. No Gram Stain, except by request and 
with physician consultation.

Throat Culture Workups

A. Heavy growth – type for Gr. A with latex or 
coagglutination reagent.

B. Since any quantity of Beta Strep is significant, 
isolate to characterize any amount of beta 
hemolytic growth buried in “herd” of normal 
flora.

C. Report all non Gr. A beta hemolytic 
streptococci as such.  Because antibiotic 
therapy and clinical response is identical, do 
not bother to type as Gr. B, C or G.



Throat Culture Reports

• Report Staph. aureus, gram negatives, Haemophilus, 
and Strept. pneumoniae as normal throat flora because:

– There is no medical literature linking any of these to sore throats.
– There is literature showing these are carried in equal numbers in 

sick and healthy children and adults.
– If patient has pneumonia due to different organism, laboratory m

ay dangerously mislead physician into dropping appropriate 
broad spectrum antibiotic coverage.

• Since yeast can cause superficial oropharyngeal 
infections, report when present with no further 
identification.

THROAT SWAB
Group A Antigen Systems

A. Several systems on market.  Breed almost as 
quickly as new cephalosporins.

B. Involve extraction of Gr. A Antigen from Throat 
Swab, followed by latex or EIA solid phase 
detection.

C. Cost is about $2-$3 each.
D. Alleged sensitivity is 85% - 95%, according to 

manufacturers’ promotional studies, vs. single 
Blood Agar Plate culture.

RAPID ANTIGEN DETECTION TESTS
General Principles

A. Reasonably sensitive when target organism grows to 
high titer and produces “boatloads” of antigen, e.g. 
bacterial meningitis, stool for Clostridium difficile or 
Giardia, urethritis/cervicitis, purulence, blister fluid from 
Herpes lesions.

B. Culture will always be more sensitive because it allows 
small numbers of organisms to multiply and be 
detected.

C. Culture will always be best in situations where low 
numbers of organisms are significant:  e.g., throat 
cultures, vaginal cultures looking for asymptomatic 
carriers of Herpes, Chlamydia, G.C., Mycoplasma.



Problems with
STREPTOCOCCAL ANTIGEN SCREENS

• Studies in 1970’s showed as few as 1 to 10 
colonies per swab can result in an ASO antibody 
response.

• Lowest number of organisms detectable by the 
kits is approximately 10,000.

• Very insensitive compared to throat cultures 
done correctly using SXT Agar Plates, missing 
50%-69% of the positives (Wegner, Witte and 
Schrantz, 1982 Campos and Charilous, 1985).

• Miss treatable infections due to Groups 
B, C, and G.

• To offer on a “As the Patient Waits”
basis creates workload and staffing 
problems.

• A study by Gerber in 1985 showed that 
45% of patients with false negative 
antigen results developed ASO antibody 
responses.

Sensitivity of
ANTIGEN DETECTION TESTS

Ventrescreen 50%
Cards 47%
Reveal 44%
Culturette 36%
Abbott Test Pak 31%

Diagnostic value of above only as good
as flipping a coin!

Wegner, Witte, Schrantz, JAMA February 5, 1982



Streptococcal Antigen Screens
Miscellaneous

• Antigen kits have very few false positives, 
making it unnecessary to culture patients who 
test positive.

• Testing swabs that have been refrigerated for a 
period of time increases sensitivity, but 
eliminates reason to offer the test.

• It is acceptable to test all patients and culture the 
kit negatives (Ca, 93%) but this only benefits 
less than 10% of patients.

• Higher cure rates are reported in patients for 
whom therapy is delayed a day or two.

Alternative to
RAPID ANTIGEN TEST

A. Give 2 days of starter antibiotic therapy, 
continue or discontinue on basis of culture.

– Inexpensive ($1-$2).

– Chance for allergy development very low.

– Patient gets “money’s worth”.

B. “Lincoln Test”

Reference:  Ped. Inf. Dis. Page 2 (Jan. 1969 issue)



Vaginitis

• One of the most common women’s 
healthcare problem
– >10 million office visits annually

• 80% of non-pregnancy, non-routine visits to 
GYN are for vaginal discharge

• Recurrent infections common

– increased pregnancy & surgical risks

– hefty costs to the individual and the 
healthcare community.

Most Common Agents of Vaginitis

• Trichomonas vaginalis

• Candida albicans

• Bacterial Vaginosis (BV):

– Gardnerella vaginalis as a marker, but not 
etiology

Trichomonas Vaginalis

• Protozoan parasite

– Not part of normal vaginal flora

– Twitching motility; pear-shaped

– 10 x 7 microns

– Trophozoite only; no cyst

– Can ingest red blood cells

– Adhesians for attachment to epithelial cells



Epidemiology of T. Vaginalis

• 3 million women/year in U.S.
– Incubation:  few days up to 28 days

– As many as 50% asymptomatic

– 17% HIV +, 9-22% pregnant women in inner-city STD clinics

– Increases with other STD’s and with multiple partners

• Men:  unknown incidence (12% men at STD 
clinics)

• Non-venereal acquisitions

– 2-17% children infected if a + mother

Clinical Manifestations of 
Trichomoniasis

• Malodorous, irritating and pruritic 
discharge
– copious yellow-green and frothy

• Dysuria:  abdominal discomfort in 5-12%
• Exam

– Superficial without invasion
– Vaginal wall inflammation
– Strawberry cervix

• Some patients are asymptomatic carriers

Laboratory Detection of T. Vaginalis

• Wet-mount 49-89% sensitive; absence of PMN’s

• Stained preparations:  Gram, Giemsa, PAP, AO

• Culture:  85-95% sensitive (Diamond’s media, 
Fuji broth)

• Cytological:  60-70% sensitive

• Probe:  AFFIRM (Bectron Dickinson)

– very sensitive compared to culture



Viability/Motility in Transport

• Stuart’s transport media, found in 
Culturette� good holding media

• Preserves viability and motility

• Swab discharge or affected areas

Trichomonas vaginalis

Candida Vulvovaginitis

13 million cases annually
– 75% women – 1 episode
– 40-50% women = 2 episodes
– 5% women – recurring episodes

Symptoms
– Vulvar irritation and dysuria;  little odor
– Discharge white and “cheesy”
– pH 4.5 (normal)
– Adherent to wall



Risk Factors for Vaginal 
Candidiasis

• Pregnancy
• Oral contraceptives
• Estrogen therapy
• Diabetes
• Antibiotic therapy
• End of menstrual cycle
• Excessive heat

Lab Diagnosis of Candidiasis

• Gram stain.  Presence of pseudohyphae 
suggest C. albicans, but any yeast seen are 
significant.

• Follow up negative gram stains with blood agar 
plate culture to detect low level, significant 
positives.

• Yeast, other than Candida albicans more likely 
to cause recurrent or difficult to treat vaginitis.

• Offer Remel C. albicans screen as an option, 
differentiates C. albicans from other yeast 
species

30 minute test with easy to read 
colorimetric endpoint.

More sensitive and specific than germ 
tube.

Patients with gram stains positive for BV 
whose vaginal cultures grow yeast 
should be treated for both BV and yeast 
to obtain relief.



Candida albicans on Gram Stain

Bacterial Vaginosis
• Etiology:  mixed flora, probably anaerobic and aerobic

– not only G. vaginalis
• Epidemiology

– Increased in sexually active women with other 
STD’s or many partners

– Males:  80% + when partners are infected
• Is it a true STD?

– Occurs in virgins, pediatric patients with no 
evidence of sexual abuse

– Treatment of partners may not reduce recurrence
– G. vaginalis isolated from rectum as well

Bacterial Vaginosis Prevalence

• Family planning clinics:  17-19% 
prevalence

• Student health clinics:  4-10% prevalence

• STD clinics:  24-40% prevalence

• Pregnant women:  16-29% (US data)

• Infertility clinic visits:  30%
Sobel, JD.  Bacterial Vaginosis Ann Rev Med 2000;51:349-56



Usual Clinical Manifestations of BV

• Discomfort and pungent vaginal odor

• Grey, thin homogeneous discharge

• Un-inflammed vaginal wall

• May be asymptomatic

Without labs, often misdiagnosed as 

“yeast infection”

Classic Signs and Symptoms
versus reality

1. Thin, milky, homogenous discharge
Reality:  Many cases do not have a 

discharge or are otherwise 
asymptomatic.

2. Amine, fish-like odor on addition of KCH
Reality:  Subjective, often difficult to 

distinguish amine-like odor from foul-
smelling products of vaginal anaerobes.

Lab Diagnosis of BV

• Culture for Gardnerella not recommended 
because media expensive and 50% of positives 
do not have BV

• Presence or absence of “clue cells” problematic
– No standard definition of clue cell
– Difficult to differentiate from normal vaginal epithelial 

cells
– Patients can be “clue cell” negative and still have BV

• Alkaline pH above 4.5 suggestive of BV



Normal Vaginal Ecosystem

• Lactobacillus predominant

• Usually less than 107 organisms/g

• Gardnerella vaginalis (present in 5% to 
60% of women)

• Mobiluncus (present in 0% to 5% of 
women)

• Mycoplasma hominus (present in 15% to 
30% of women)

Flora of Bacterial Vaginosis

• “Good Guys” Lactobacilli disappear

• Bacterial load jumps from 107 bacteria per 
gram to 1011 per gram

• Prevotella (Bacteroides)

• Gardnerella

• Chlamydia, Mycoplasma, and/or 
Mobiluncus may also be present

Bacterial Vaginosis Gram Stain

• Stain and look for the dominance (ca 70%) of 
single morphotype associate with moderate or 
more neutrophils.

• If gram stain diagnostic (e.g., many neutrophils, 
moderate streptococci) rapidly report this result 
to clinician.

• If the gram stain shows mixed flora with no 
organism dominant, quantitate the number of 
bacteria of each morphotype per oil immersion 
field.



BV Gram Stains

Number Seen per oil immersion field

Morphotype None   <1       1-5     5-30   >30

Lactobacillus 4 3 2 1 0

Gardnerella/
Bacteroides 0 1 2 3 4

Mobiluncus 0 1 2 3 4

Total Score

0-3 Normal   4-6 Intermediate   7-10 Bacterial Vagi nosis

Clue Cell of BV



From: Carol A. Spiegel in Lab O 
Microbiology News and Ideas, BD 

Newsletter

Additional Tests for BV

• Probe:  AFFIRM (Becton Dickinson; 
www.bd.com)
– agrees well with high count G. vaginalis

• Quick Vue Advance (Quidel:  www.quidel.com)
– G. vaginalis Test
– pH and Amines test

• KOH Whiff Test: 
– Too subjective, requires discharge

Affirm VP� Special Features

• Easy-to-read color results

• Candida, Trichomonas, and Gardnerella

• Detects all these from single sample

• 2 minutes hands-on-time

• Results available quickly



Diseases Epidemiologically 
Linked to Bacterial Vaginosis

Gynecologic
• Abnormal vaginal 

discharge
• Mucopurulent cervicitis
• Urinary tract infection
• Postoperative infections
• Cervical dysplasia
• Nonpuerperal 

endometritis
• Pelvic inflammatory 

disease

Obstetric
• Chorloaminionitis
• Premature Labor
• Premature rupture of 

membranes
• Postpartum endometritis
• Late term miscarriage

Bacterial Vaginosis and
Pregnancy Outcome Risks

(Including asymptomatic)

Adverse Outcome

Preterm delivery
Preterm labor
Chorioaminionitis
Post-C-section
Endometritis
Endometritis after vaginal 

deliver

Increased Risk with BV

2- to 3-fold
2- to 3-fold

3-fold
5-fold

14-fold

BV Mechanisms of Obstetric Mayhem

Increases from 107 per 
gram to 1011

Dissolve protective 
mucin plug on cervix, 
allowing bacteria free 
access to baby

Weaken fetal 
membranes

Simulates production of 
prostaglandin, 
causing premature 
labor

Bacterial Load

Mucinase Enzymes

Protease Enzymes
Bacterioides metabolic 

products



Benefits of Identifying and 
Treating BV During Pregnancy

Morales, et al.  Effect of metronidazole in patients 
with preterm birth in preceding pregnancy and 
bacterial vaginosis:  A placebo-controlled 
double-blind study.  Am J Obstet Gynecol 
171:345-349(1994).

Patients in the metronidazole group had 
significantly fewer admissions for preterm labor 
(27% vs 39%), low birth weights (14% vs 33%), 
and premature rupture of the membranes (5% 
vs 33%).

McGregor, et al.  Prevention of premature birth by 
screening and treatment for common genital tract 
infections:  Results of a prospective controlled 
evaluation.  Am J Obstet Gynecol.  July 1996 issue.

Within a 1260 patient study group, 21.9% of 
preterm births were attributable to BV.  

Administration of oral clindamycin to patients 
with BV reduced the incidence of preterm 
birth and premature rupture of the 
membranes by approximately 50%.

Additional Reference
Ugwumadu, et al.  Effect of oral clindamycin on late 

miscarriage and preterm delivery in asymptomatic 
women with abnormal vaginal flora and bacterial 
vaginosis:  A randomised controlled trial.  Lancet 
2003;361:983-88.

Treating asymptomatic BV with oral clindamycin early in 
second trimester significantly reduced rate of late term 
miscarriage and spontaneous preterm birth.

Critical Points: All studies above done in both low and 
high risk asymptomatic and symptomatic women.  All 
treated for CDC guideline recommended 6 to 7 days.



What’s Happening in Ottumwa, Iowa

• Exam for Bacterial Vaginosis, other STD’s 
on first prenatal visit

• Second BV exam at 28 weeks

• Group B streptococcal culture at 33-35 
weeks

Impact of Prenatal BV 
Screening

Ottumwa IOWA
Babies weighing less
than 2,500 grams 4.2% 5.9%

Babies being born
Prematurely (<35 wks) 5.8% 8.0%*

*National average is 10.0%

Economic Impact of
BV Birth Complications

• Direct costs of pre-term labor, pre-term delivery, 
and low birth weight in U.S. are $1 billion/year

• Average cost for complications of low birth 
weight is $20,581 per case (1992 prices)

• Pre-term labor and pre-term delivery cost $2,000 
to $3,000 per case

• Screening costs for treating 4 million pregnant 
women and treating 600,000 with BV estimated 
at 5 to 7 million dollars

Reference:  Oleen-Burkey & Hillier.  Inf Dis Obst Gynecol 3:149-
157(1995)



So Why Aren’t All Pregnant 
Women Screened?

• Male sexism???
• BV gives unremarkable pelvic exam
• Highly flawed ACOG and NIH studies
• Compared birth outcomes screening for BV in high risk 

and low risk, symptomatic and asymptomatic
• Instead of treating for CDC guidelines 7 days, 

undertreated only 3 days.  Results were no difference in 
outcomes in “treated” low-risk, asymptomatic BV positive 
women.

• On basis of flawed study, ACOG recommends only 
screening “high risk” symptomatic pregnant women.  
ARGHH!!!!

Vaginal Cultures – Other 
Pathogens

• Normal to find varying amounts of bowel flora 
especially if unremarkable vaginal gram stain.

• Work up organisms in culture dominant on gram 
stain associated with moderate or more 
neutrophils.

• Call physician if Staph aureus isolated.  Rule out 
possibility (low probability) of toxic shock 
syndrome.

Diagnosis of Gonorrhea, Chlamydia

• Consider empiric therapy (CDC guidelines for 
STD’s) for both if patient has overt cervicitis, 
urethritis, without testing.

• Molecular testing, which can also be done from 
vaginal thin prep pap smears more sensitive 
than culture.

• Molecular testing essential for asymptomatic 
pregnant women, because low levels associated 
with bad birth outcomes.



Diagnosis of Gonorrhea, Chlamydia, Cont.

• Thin prep pap smears more sensitive than 
conventional pap smears and can be used 
to both screen for cancer and STD’s.

• Gen Probe detects ribosomal RNA of GC 
and CT.  Probe Tec and Roche Amplicor 
detect DNA.

• Molecular urine testing ideal for males, 
adolescent females.  Must test first void
urine, not midstream.

Stool Culture Collection

Not Acceptable

• Urinalysis plastic collection cup – too small

• Ice cream cartons, dirty diapers, etc.

• Explosion proof stool container????



Recommended

• Commode stool specimen collector

• Para Pak C&S modified Cary Blair transport vial 
with scoop.

• Protects Shigella and Campylobacter from acid 
metabolism of normal fecal flora.

• Facilitates parasite antigen and C difficile toxin 
antigen testing.

Stool Culture Media

• Blood agar

• MacConkey or EMB agar

• CVA Campylobacter agar

• GN broth for shiga toxin testing

• Incubate without CO2 – inhibits Shigella

Stool Gram Stains

• Not necessary if stool solid and well formed.
• When present, sample bloody flecks, shed 

mucosa, or areas of purulence.
• Use tip of wooden applicator stick to make THIN 

smear, which should be decolorized 
VIGOROUSLY.

• Normal:  Mixed gram positive and negative 
bowel flora with few or no neutrophils.

• Suspicious:  Moderate or more neutrophils with 
single organism dominant.



Stool Culture Set Up

• If present, sample bloody flecks, shed mucosa, 
or areas of purulence.

• If stool appearance unremarkable, sample 
several representative areas.

• Make small initial streak zone, about the size of 
a dime, and use 7 or 8 streak zones to isolate 
species present in the dense inoculum.

• Use separate swab to inoculate selective 
enrichment broth.

Reading the Blood Agar Plate

• Look for and report heavy dominance of the 
growth of Staphylococcus aureus or yeast.  
Rarely significant unless present in large 
numbers on direct stool gram stain associated 
with moderate or more neutrophils.

• Do oxidase testing of all colony morphotypes.

• If oxidase positive, use expensive commercial 
definitive identification system to rul in/rule out 
Aeromonas and Plesiomonas.

MacConkey and Hektoen Agars

• Gram stain is the key.
• If there is mixed flora and few or no neutrophils, use 

inexpensive screen method to identify normal fecal 
bacteria.

• If there is a dominant aerobic gram negative rod with 
moderate or more neutrophils, use expensive 
identification system and set up blood agar plate for 
possible serotyping.

• If patient or immediate family member was previously 
positive for Salmonella or Shigella, do expensive 
identification testing.

• Do oxidase testing and definitive speciation on 
oxidase positive colony morphotypes.



Sensitivity Testing
Clinical Reference

• In patients with normal defenses, Salmonella infections 
are self limiting and antibiotics may create carrier state.

• Do Salmonella sensitivity testing only if patient is septic, 
is immunosuppressed, or has other complications.  
Ciprofloxin and other quinolones are best choices.

• Do Shigella and Aeromonas sensitivity testing if infection 
does not subside by itself.

• Do S. aureus and Pseudomonas sensitivity testing only if 
organism is dominant on gram stain with moderate 
neutrophils.

Enteropathogenic E. Coli
• Common serotype causing bloody diarrhea is 

0157:H7.
• 50% of the cases of E. coli diarrhea are caused 

by non 0157 strains – missed by SORB/MAC 
agar.

• Many cases of diarrhea do not have bloody 
stools.

• E coli shiga toxin can cause hemolytic uremia.
• Detect by EIA shiga toxin testing of GN broth, 

send positives to reference lab for confirmation 
and serotyping.  Single test format EIA kit 
available from Meridian.

Necessity for Routine
Shiga Toxin Testing

(REVENGE of the E. coli!!)

• Lysis of E. coli by empiric acute diarrhea antibiotics 
releases endotoxin, causing toxic shock 
complications, hemolytic uremia.

• Critical to stop antibiotics on shiga toxin stool 
positive patients.

• Critical to stop bowel immobilizing medications.
• Gives specific diagnosis, eliminates need for further 

testing.
• Appropriate management is fluid and electrolyte 

support.



Campylobacter Agar

• Incubation at 42°C is mandatory.

• Use specific Campylobacter BIO-BAG� or 
special Campylobacter gas system.

• If plate fogging is a problem, use Drierite�
or other inorganic dessicant in the BIO-
BAG� .

• Incubate plates for 3 days before calling 
them negative.

Reading
Campylobacter Agar

• Can read on day 1 if there is good growth 
into 2nd and 3rd streak zone.

• On day 3, regardless of quantity, examine 
all colony morphotypes by gram stain, 
oxidase, and catalase.

• Generally speaking, if it is Campylobacter, 
expect good growth.  Breakthrough fecal 
flora usually is seen only in initial zone.

Campylobacter Colony
GRAM STAIN

• Depending on moisture content of media and 
strain isolated, colonies can be small and non 
hemolytic, mucoid and gray, tan or slightly pink, 
or flattened and spreading in all direction.

• Gram stain is more definitive.  Bacteria are gram 
negative and are mixtures of S. shapes, gull 
wings and long spirals or corkscrews.

• They take up safranin poorly.  Allow it to remain 
on side at least 3 minutes. Alternative, use 
carbolfuchsin.



Campylobacter
Biochemical Reactions

• Are catalase and oxidase positive.

• Inhibitors in Campylobacter media may make 
them atypically oxidase and/or catalase 
negative.

• Subculture from Campylobacter agar to blood or 
chocolate agar will usually restore reactivity.

• Gram stain morphology is more reliable 
identifying characteristic.

Speciation Not Clinically 
Relevant

• Erythromycin and Ciprofloxacin treat all 
species.

• Blood stream invasion possible with all 
pathogenic species.

• The names needlessly confuse 
physicians.

Breakthrough Flora vs. 
Campylobacter

• Subculture suspicious colonies to Blood Agar, 
incubated in Campy BIO-BAG� , and to 
aerobic MacConkey Agar.

• Campylobacter will grow in Campy BIO-
BAG� , but not on aerobic MacConkey Agar, 
in pure culture.

• Gram negative breakthrough flora will grow 
on both MacConkey Agar and in Campy BIO-
BAG� in pure culture.

• If mixture is seen in Campy BIO-BAG� , do 
gram stain, oxidase, catalase on each 
morphotype.



Campylobacter Stool Antigen Testing

• Because Campylobacter is a pathogen 
commonly transmitted from the feces of a 
wide variety of animals and birds all stool 
exams must include Campylobacter.

• Currently only available in microtiter test 
format, but single test format lateral flow EIA 
test to be available soon from Meridian.

• Single test format EIA kit to be excellent 
option for labs unable to do Campy cultures.

Clostridium Difficile Testing

• Is an underappreciated pathogen, as it can 
cause wide spectrum of gastrointestinal illness in 
patients who have and have not received 
antibiotics.

• Culture not recommended because patients can 
benignly carry non toxin producing strains.

• There is a good variety of easy to use, reliable 
latex and EIA methods available to do testing.

• Recommend testing for this in hospitals of all 
sizes.

The Problem

• Giardiasis is the most frequently occurring 
parasitic infection in the U.S.

• Food and waterborne outbreaks occur, as 
well as sporadic cases.

• Traditional microscopic methods cannot 
provide diagnosis when organisms are not 
being shed into the feces.



Cryptosporidium Diarrhea

• Diarrheas caused by these parasites less 
common.

• Usually are acquired from drinking 
contaminated water, such as from 
municipal water supplies.

• Although previously untreatable, the FDA 
has approved a new broad spectrum 
antiparasitic drug, nitazoxanide that kills 
most other common intestinal parasites.

Antigen Specific 
Giardia/Cryptosporidium ELISA

• Detects both parasites from same stool 
specimen.

• Positive even when parasites are not shed 
into stool.

• Requires only single specimen.
• No sample preparation, except simple 

dilution.
• Colorimetric endpoints easy to interpret.

Are You Sending Too Much 
Money Out of Town???

• Shortstaffed because of hospital mergers, 
managed care, etc.?

• Not enough trained microscopists to read 
ova and parasite exams?

• Sending all of your parasitology to a 
reference laboratory?



Keep your $$$$ At Home!!!

• Perform EIA testing in your own 
laboratory.

• Minimal hands on time with easy to 
interpret colorimetric endpoints.

• Available in single and multiple specimen 
test formats.

• Uses standard ova and parasite collection 
vials.

You Can Have Your Cake
and Eat It, Too!!!

• Single Giardia and Cryptosporidia stool exams 
are more sensitive than multiple stools sent to 
reference labs for ova and parasite microscopy.

• Your lab can give a one day or more sooner 
turnaround time.

• Reimbursements for parasite antigen testing are 
most generous, especially compared to 
reference lab markup prices.

Acute Infectious Diarrhea Screen
From Single Para Pak C&S Vial, Do:

• Stool culture, including shiga toxin testing.

• Giardia antigen.

• Cryptosporidium antigen.

• Clostridium difficile toxin EIA.

• May reduce requests for ova and parasite 
microscopy.



Wounds

• Superficial wounds caused by mixed 
aerobes.

• Deep wounds (severe trauma, surgical), 
abscesses, purulent drainages caused by 
mixture of aerobes and anaerobes.

• Properly healing surgical wounds may be 
harmlessly colonized by potential 
pathogens.

Specimen Collection
Superficial wounds Use Culturette with 2 swabs

(one for stain, other for culture)

Deep wounds Use BD anaerobic transport device

Deep exudates (has swab in anaerobic gas environment)

plus aerobic Culturette for gram stain

Purulent abscesses Aspirate pus with syringe and needle and

Pockets of pus syringe and express into anaerobic

transport vial or use BD device



Media

Superficial wounds Blood, MacConkey, PEA or CNA.
No broth.

Deep wounds, abscesses, Above plus anaerobic neomycin agar or

drainages, intraabdominal anaerobic PEA plus an anaerobic broth

internal sites

Sterile internal body sites Blood, MAC, Choc, anaerobic neomycin 
or anaerobic PEA plus anaerobic broth
blood culture bottle plus sediment on
solid media if liquid (pleural fluid,
synovial fluid, etc.

Reading Wound Cultures

• Workup those pathogens associated with 
moderate or more neutrophils, regardless of 
quantity.

• Gram stain shows few or no neutrophils, without 
an associated dominant organism and mixed or 
no bacteria.
– Workup organisms comprising 30% or more of the 

total growth, up to a maximum of 3

• Rapid communications, follow up if Clostridium 
or Bacteriodes seen on stain or culture.

Internal Body Site Cultures

• Rapid, aggressive, direct physician 
notification if positive.

• Workup all pathogenic species.
• Look for Yersinia pestis and Bacillus 

anthracis (especially if lymph node).
• DRG coder rapid communication if from 

infected organ needing surgical removal 
(gallbladder, appendix, etc.) possible DRG 
415 (OR procedure for infectious disease).



Use of Anaerobic Broth

• No need to subculture if culture and gram stain 
agree

• Subculture if nature of specimen suggest 
anaerobic infection (e.g. suphrenic abscess) and 
no anaerobes recovered

• Subculture if gram stain suggests anaerobes 
and no anaerobes are recovered

• If needed, sub to  neomycin or anaerobic PEA, 
as non inhibitory media may grow aerobic gram 
negative rods

Intravenous Catheters, Other IV Devices

• Do not place in broth – impossible to 
distinguish skin flora contamination from 
infection.

• Roll catheter or device onto surface of 
agar and do colony counts.

• Workup any quantity of pathogens.
• Workup skin flora present at 15 colonies or 

more.  Fewer colonies more likely to be 
contamination.



Spinal Fluids

• Antigen testing not clinically relevant, except 
neonatal CSF for Group B streptococci.

• Ag testing for others has too many false 
negatives against pathogens with predictable 
susceptibilities.

• If gram stain shows bacteria without any 
neutrophils, check CSF chemistry and 
hematology – possible artifact.

• If culture grows skin flora, with a negative gram 
stain, chemistry, and negative hematology, 
suspect contamination, but let physician decide.



Eyes and Ears
• Workup all pathogens dominant in association 

with moderate or more neutrophils, regardless of 
quantity of growth.

• If gram stain is unremarkable, workup dominant 
pathogens, up to a maximum of 3.

• Note that Staph epidermidis is an important 
cause of inner eye infection.  Physician 
consultation needed if inner eye.

• Surface of nose and ear canals often grow 
irrelevant colonizing flora, some of which may be 
pathogenic.  If gram stain unremarkable, 
suggest appropriate broad spectrum therapy.

Thank you for the gift of your attendance

The end of this workshop is only the 
beginning of our friendship.

I welcome your phone calls (preferred), E-
mails (less preferred) and faxes.

You are all now official Bug Busters –
Experience the joy of kicking some flagella



Thank you for the gift of your attendance

Procedures in this program and discussions are intended solely for 
educational purposes and represent the interpretations of the 
infectious disease literature by the presentor.  The presentor, his 
employer, and facilitators cannot be responsible for how the material 
and discussions are used to manage any specific patient.

The material in this program is intended for educational purposes 
only.  Procedures and suggestions presented herein are based on 
the presenter’s interpretation of the infectious disease literature in 
the context of his 35 years of experience and are not to be used to 
diagnose or manage any specific patient.


