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Public Awareness of Medical Topics
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Articles featured in the NYT had 

35% more citations compared to 

similar articles not featured by 

the NYT.
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Great controversies (and stories) in microbiology history…
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Discovery of the Gram stain

Controversial “Pathogens”

Aeromonas

Dientamoeba fragilis

Fusobacterium (Respiratory flora?)

Propionibacterium (dammit!!!) Cutibacterium

Sooooo many things 

COVID-19



Self-Experimentation in Science

•5 Nobel laureates

•Some have died
– Jesse Lazear – yellow fever

– Dan Carrion – Bartonella (now known as Carrion’s disease)

•Other infectious diseases studied
– Cholera, HIV, dysentery, H. pylori, Campylobacter

– S. aureus – (Gail Dack – former president of ASM)

– Syphillis

– Schistosomiasis



Friedlander declared the 
bacillus the cause of 
pneumonia.
“Friedlander’s Bacillus”

He had discovered two 
different bacteria  - one 
bacillus and one coccus

The Controversial History of the Gram stain

“A defective and imperfect method”
- H. Christian Gram referring to his 

development of the Gram stain

Cantey et al. Pediatric Infectious Disease Journal. 2015. 34(8)

After earning his MD and PhD, 
Gram joined the laboratory of Karl 

Friedlander. 1883

Friedlander was 
investigating the 
bacterial etiology of 
pneumonia.

Meanwhile – Albert Fraenkel –
Friedlander’s scientific rival – declared 
the coccus as the cause of pneumonia.

“pneumococcus”

• Because neither organism could be 
recovered consistently from patients with 
pneumonia – both scientists advanced 
“their” bacteria as the true cause.

• This was hotly contested with accusations 
of commensal and contaminant being 
thrown back and forth.



A few years later pathologist Carl Weigert
added the final step of safranine.

The Controversial History of the Gram stain
“(My stain) is very defective and imperfect, 
but it is to be hoped that…it will turn out to 
be useful.”

- H. Christian Gram in his publication 
describing the development of the Gram 
stain

Cantey et al. Pediatric Infectious Disease Journal. 2015. 34(8)

Gram developed the Gram stain - 1884
1. Dry fluid with burner flame onto a slide
2. Poured Gentian violet over it
3. Wash away with water
4. Potassium triiodide solution
5. Wash with ethanol – Purple were 

positive and colorless were negative

Ultimately, it was the Gram stain 
that settled the debate.
Both were causes of pneumonia.
Pneumococcus would turn out to be 
S. pneumoniae
Friedlander’s Bacillus  would turn 
out to be Klebsiella pneumoniae.

While working late one night Gram spilled iodine on 
some lung sections that had been stained with 

methyl violet.  He tried to wash this off with ethanol 
and noticed that those with cocci retained the stain 

and those with bacillus did not.



As for the dispute….

• Friedlander ended it saying…

“That pneumonia should be produced by different causes is analogous to 
the multiple causes of acute suppuration….the attacks, let them cease.”



Controversial Topics in Microbiology

• Provide context to these controversial issues

• Present both sides of the issue

• Provide some education on the issue to enable respectful dialogue (debate)

10/11/2022

Objectives



Topics we’ll discuss this morning
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Reporting of 

Vancomycin MICs

What is the utility of COVID-19 

antigen testing?
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Intended Use

• Diagnosis of infection in immunocompromised patients

• Pneumonia

• Invasive fungal infection

• Endocarditis

• Neutropenic fever

Karius claims

• Avoid >60% of invasive diagnostic procedures from a 

single blood draw (liquid biopsy)

• <1 day TAT

• Detect >1000 pathogens

Costs

• ~$2,000

Charge to patient

• >$4,000



How it works
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Oops
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Repeat Testing?
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What does the data say?
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What did they find?

• 90% positive agreement with 

culture

• 61% were polymicrobial

• 31% negative agreement with 

culture

• 87% Karius results available 

before culture

• 27.3% of patients had antibiotics 

narrowed

Oops



Why this test is controversial/troubles many microbiologists (me).
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Metagenomics picking up environmental contamination….. 

61% polymicrobic infection?

Cost 
VCU spent >$225,000 last year on Karius testing

**Our most expensive send out test by more than double.

***Second – Beta D Glucan

****Third - Galactomannan

Confusing results 
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The VCUHS experience



Utilization Analysis – April 2020 – December 2021

• 114 Tests performed

• ~$228,000 spent

• Average TAT – 33 hours
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Positive – 64 (56%)

Negative – 40 (35%)

Polymicrobic – 27 (42% of positives)

Average # of Pathogens – 2.2

Rejected – 10 (8.8%)

Almost all bacteria.  

Mostly respiratory flora.



Some of our positive results

Polymicrobials (N= 27)

• Most mixed respiratory flora

• Some mixed respiratory flora with a real 

pathogen that was detected by culture
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Pseudomonas aeruginosa

Klebsiella aerogenes (Enterobacter aerogenes)

Staphylococcus epidermidis (coagulase-negative 

staphylococcus)

Lactobacillus rhamnosus

Stenotrophomonas maltophilia

31927

9633

4682

3356

1026

<10

<10

<13

<10

<85

Patient had Pseudomonas BSI

S. maltophilia in respiratory cultures

No indication of other organisms.

Pichia kudriavzevii 

Rothia mucilaginosa 

Prevotella oris

Schaalia odontolytica 

Prevotella buccae 

Tannerella forsythia 

3345

427

209

135

126

110

<10

<10

<10

<10

<10

<10

Example 2

Example 1

Rhizomucor pusillus

BK polyomavirus

Lactobacillus rhamnosus

Human polyomavirus 6

10607

1126

82

66

<10

<10

<10

<10

Example 3

1 colony of a zygomycete isolated from liver biopsy



The other side of the coin…

• Low level Tuberculosis (probably real)

• Nocardia

• Legionella pneumophila

• Numerous low level P. aeruginosa 

(unclear significance)

• Rhizopus spp. (repeatedly positive)

The TAT is excellent

• We’ve had instances where Karius helped us 

identify organisms from positive blood 

cultures.
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Why this test is controversial/troubles many microbiologists.
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Metagenomics picking up environmental contamination….. 

61% polymicrobic infection?

Narrowing therapy - Is this a rule-out test?

Repeat testing for “trending”?

Cost 
VCU spent >$225,000 last year on Karius testing

**Our most expensive send out test by more than double.

***Second – Beta D Glucan

**** Third - Galactomannan

Confusing results 

Inappropriate uses

Of the 114 tests over this time – 16 (14%) were repeated 

Apparently to adjudicate possible contamination



Observed trends to watch out for in use
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Repeat testing

Karius as a rule out

• It is not a rule out and negative results 

should be interpreted very cautiously. 

Claims that things will not be done according 

to Karius test results -

• “Saves a patient a BAL”

Karius in actively bacteremic patients

What to do with this test?

1. Implement an approval process.

2. Restrict repeat testing

3. Reserve for difficult cases where 

standard of care methods have failed to 

yield a diagnosis.

4. Collaborate with Infectious Diseases 

and Transplant Services



Next topic…
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Reporting of 

Vancomycin MICs



But First: What is the value of the MIC?

• The MIC does not represent an absolute value!

• The “true” MIC is somewhere between the lowest 
test concentration that inhibits growth and the next 
lower concentration.

MIC is between 8 and 16

Shouldn’t we be more precise?

1        2         4            8         16         32         64       128



The value of an MIC…

What about the E-test?

Remember….

• The acceptable reproducibility 
of the test is within ONE
twofold dilution of the actual 
end point. 



The value of an MIC…

• In this example the MIC was read as 16.

• If this isolate were to be retested some percentage of the time 
the value would be 8 or 32.

1            2           4           8          16        32         64       128

Allowable range

Is the MIC…

16 ug/ml

Or

8 – 32 ug/ml



What about Vancomycin MICs????



Who is 
reporting 

Vancomycin 
MICs?

Name Institution Method  MIC Reporting (Y/N)

1 Paul Southern UTSW Microscan Yes

2 Chris Doern VCU Vitek Yes

3 Danielle Brabant-Kirwan Ontario Vitek (confirm 2's with ETEST) Yes

4 Morgan Pence Cook Childrens, TX Vitek Yes

5 Phillip Walter Tristar, TN Microscan Yes

6 Vickie Baselski U of Tennessee Microscan Yes

7 Erin Graf CHOP Vitek Yes

8 Erin Graf Mayo AZ BD Phoenix Yes

9 Chao Qi Northwestern Vitek Yes

10 Carey-Ann Burnham Wash U Vanc Screen Agar No

11 Jerry Capraro CMC Charlotte Microscan Yes

12 Allison McMullen Augusta Vitek Yes

13 Cindy McCloskey Oklahoma Microscan Yes

14 Susan Whittier Columbia Microscan Yes

15 Roiko Marijo Altru Health, ND Vitek Yes

16 Robin Chamberland SSM, STL Vitek Yes

17 Mark Fisher ARUP BD Phoenix Yes

18 Jenny Meredith Prisma Health Vitek No

19 Omai Garner UCLA ref BMD Yes

20 Dominick Cavuoti Parkland Microscan Yes

21 Eric Beck ACL Laboratories Microscan Yes

22 Stephen Brecher VA Boston Microscan Yes

23 Scott Riddell SUNY Vitek Yes

24 Octavio Martinez Miami Vitek Yes (only 2's)

25 William Lainhart Arizona Vitek Yes

26 Esther Babady MSK Microscan Yes

27 David Craft Penn State Microscan Yes

28 Paul Luethy U of Maryland Vitek Yes

29 Son Nguyne Military Med Hosp, Hanoi Etest Yes

30 Audrey Schuetz Mayo, Rochester Agar Dilution Yes

31 Utsav Pandey CHOLA BD Phoenix Yes

32 Isabella Martin Dartmouth Microscan No

33 Xuan Qin Seattle Childrens Etest Yes

34 Pham Nhung Bach Mai Hosp, Hanoi Etest Yes

35 Stephanie Mitchell UPMC Childrens Vitek Yes

36 Stephanie Mitchell UPMC Core Microscan Yes

37 Joseph Campos Childrens National Microscan Yes (ID only view)

38 Daniel Rhoads Case Western Microscan No

39 Karen Carroll Johns Hopkins BD Phoenix Yes

40 Steve Dallas UTHSA Vitek Yes

41 Eileen Burd Emory Vitek No

42 Sue Kehl Childrens Milwaukee BD Phoenix Yes

43 Rocco Lasala WVU Vitek Yes



Why do we do this?



Outcomes of Vancomycin Therapy in 92 Patients with 
MRSA Bacteremia (2005-2007)

Outcome VAN MIC 

≥1.5

(66 patients)

VAN MIC 

<1.5 

(26 patients)

P

value

Overall failure 24 (36.4)* 4 (15.4) 0.049

Hospital length of 

stay

21 (9.0-43.0) 10.5 (9.0-

16.5)

0.02

Lodise et al. 2008. Antimicrob Agents Chemother. 52:3315.

* No. (%) of patients
MIC testing performed by Etest

See also…
Soriano et al. 2008. Clin Infect Dis. 46:193.
Kollef et. al. 2007. Clin Infect Dis. 45 (Suppl 3): S191.

Slide courtesy of Janet Hindler



Conclusion

MRSA infections caused by organisms with vancomycin 
MIC =2 have worse outcomes than…

MRSA infections with vancomycin MIC <2.

Patients are more likely to die and have longer lengths 
of stay with vancomycin MICs of 2.



Why the controversy?

• Limitations of the MIC in general

• Vancomycin testing method dependent

• This conclusion isn’t what it seems (microbiology cliffhanger) ☺



Method Matters: Vancomycin MIC (N=101 MRSA)

Etest MICs > Reference Broth Microdilution and Agar Dilution MICs

Prakash et al. 2008. Antimicrob Agents Chemother. 52:4528.
See also…Hsu et al. 2008. Intl J Antimicrob Agents. 32:378.
Sader et al. 2009. Antimicrob Agents Chemother. 53:3162.



Method dependence:
Multicenter QC Data

Lab # Organism Method QC Range Total Tests ≤0.5 ug/ml 1 ug/ml 2 ug/ml

1 S. aureus 29213 Vitek 2 20 10 (50%) 10 (50%) 0

2 S. aureus  29213 Vitek 2 18 13 (82%) 5 (18%) 0

3 S. aureus 29213 Vitek 2 47 13 (28%) 34 (72%) 0

6 S. aureus 29213 Vitek 2 20 0 20 (100%) 0

3 S. aureus  29213 Etest 4 0 0 4 (100%)

4 S. aureus 29213 Etest 50 0 6(12%) 44(88%)

5 S. aureus  29213 Etest 21 0 0 21 (100%)

6 S. aureus  29213 Etest 20 1 (5%) 19 (95%)

5 S. aureus 29213 Microscan 0.5-2 ug/ml 20 0 20 (100%) 0

5 S. aureus  BAA-977 Microscan None 20 13 (65%) 7 (35%) 0

QC MIC Result (%)

≤0.5 - 2 ug/ml



What IDSA says…

Liu et al. 2011. CID. 52:285



What is the question being 
asked by these studies?

• Does an MIC of 2 for S. 
aureus infection mean that 
the patient is more likely to 
have a poor outcome?

• Data from the meta analysis 
suggests yes!

But…….
• Comparison of MRSA isolates in BSI with 

various vancomycin MIC’s treated with 
vancomycin.

• When we report an MIC of 2 what does 
a physician do?  Change therapy.

• When we report an MIC of 1 what does 
a physician do?  Continue vancomycin.

• What the data doesn’t show….

That alternative therapies are superior 
to vancomycin at MIC’s of 2, but NOT at 
lower MIC’s.



The real question…

Are other antibiotics superior to vancomycin when MIC’s are 2 
BUT…

Equivalent at lower MICs?

Because if other therapies are superior at lower MIC’s as well, 
then those therapies ought to be considered based on a patient’s 

clinical response…NOT the MIC.



Alternative therapies to vancomycin

• Holmes et al. 2011. JID

• Australia and NZ

• 532 matched patients treated 
with vancomycin and 
flucloxacillin



Do MSSA isolates with Vancomycin 
MICs of 2 ug/ml which are treated 

with Vancomycin do worse than 
isolates with MICs < 2 ug/ml?

Yes!!



Do MSSA isolates with Vancomycin 
MICs of 2 ug/ml which are treated 
with Flucoxacillin do worse than 

isolates with MICs < 2 ug/ml?

Yes!!

One interpretation…
Elevated vancomycin MIC’s are surrogate markers of poor 

outcomes in general.

But this is about treating MRSA



Is daptomycin superior to vancomycin 
for the treatment of MRSA BSI?

Study Outcome Vancomycin failure rate Daptomycin failure rate Infection type

Rehm et al. 2008. JAC. 62 Clinical failure 45% 27% Complicated bacteremia

Clinical failure 31% 17% (p = 0.084)

60 day mortality 20% 8% (p = 0.046)

Clinical failure 48.20% 20.0% (p<0.001)

30 day mortality 12.90% 3.5% (p = 0.47)

Kullar et al. 2013. Pharmacotherapy. 

58:1533-1539
Clinical failure 59% 25% (p < 0.001) BSI

Weston et al. 2014. CID. 58: 1533-9 In-hospital mortality 35% 16% (p=0.015) BSI

Composite Failure 45% 29% (p=0.007)

30 day mortality 15.30% 6.1% (p=0.01)

Moore et al. 2012. CID. 54:51-58 BSI

Murray et al. 2013. CID. 56: 1562-

1569
BSI

Claeys et al. 2016. AAC. 60: 5441-

5448
BSI



Why this matters…
• New vancomycin dosing recommendations all 

but require the reporting of Vancomycin MIC’s

– Don’t say what method to use

– Don’t address changes in MIC over time

– Solution – treat all vanc susceptible isolates as 
MIC’s of 1

Diekema et al. AAC. 2019. 63(7)



So should we report vancomycin MICs?

• I don’t think it is an accurate data point.

• I don’t think the data used to justify its reporting is being 
interpreted in the right context.

• It does serve the purpose of pushing more patients to 
alternative therapies.

• In the end, it probably does more good than harm but in 
principle I don’t like the practice.



Up Next: 
How to use COVID-19 Antigen Testing…Now?

So many questions…

1. Has home use antigen testing helped control the pandemic?

2. Do rapid results, that are more readily accessible, compensate 
for inferior performance?

3. What is the performance of antigen testing in asymptomatic 
infection?

4. Do antigen tests identify those who are infectious?



What is the performance of antigen testing?

Dinnes et al. Cochrane Data System Rev. 2021. 3(3)



Get ready for the conversation…

• COVID-19 testing impacting hospital throughput

– Testing of admissions → clogs the ED waiting for results

• Ask is for faster results

How long are results taking?



Courtesy of Dr. Alexandra Bryson

Only way to go faster would 
be to do antigen testing at 

the point of care.



https://www.cms.gov/files/document/qso-22-25-clia.pdf

Implications:
• Testing must be indicated for 

asymptomatic testing.

• IF NOT – LDT for asymptomatic is 
allowed.

• POC asymptomatic testing no 
longer allowed if asymptomatic not 
in IFU.

• Laboratory developed antigen 
testing for asymptomatic is 
allowed.

• No longer waived

Conclusion

• Asymptomatic testing outside the IFU is no longer 
allowed.

• POCT for asymptomatic testing no longer allowed.
• Asymptomatic testing in general is now discouraged.



Get ready for the conversation…

• COVID-19 testing impacting hospital 
throughput

– Testing of admissions → clogs the ED 
waiting for results

• Ask is for faster results

– Discharge testing → clogs the floor 
waiting for discharge disposition

• Too many “false positive” PCR results.

• In other words – too many positives we don’t 
want to know about.



Antigen Testing and Infectivity

• What do we know?

– PCR is more sensitive than antigen.

– PCR can be positive in patients long after a resolved infection 

• i.e. after patients are no longer infectious.

– Antigen testing roughly correlates with PCR CT value



Slide courtesy of Dr. Alexandra Bryson

No positives detected 
over CT of 28



Now what do we know?

• Antigen testing will fail to detect CT values >25-30.

What does that mean?

• Lower CT values = higher viral burden
• Higher viral burden = higher infectivity (probably)

Does a CT Value of 25-30 differentiate those who are 
infectious from those who are not?



What do we know about infectivity and viral burden?

• 128 COVID-19 positive 
corpses 

– Culture

• +ve = infectious

• -ve = non-infectious

– Quantitative PCR

– Antigen Testing



Red = culture positive

Miss

Miss

Blue = antigen positive

Antigen tests roughly 95% 
sensitive for culture positive 

specimens



What about all of 
these culture –ve
but antigen +ve?

Antigen missed between 18 and 50% of culture positives.

Antigen positive in 4 – 23% of culture negatives.



So is antigen testing indicative of infectivity?

• If positive – Yes a patient is 
probably infectious

– Specificity is very good, perhaps 
better than PCR.

• If negative – I don’t know

– Is culture a good marker of 
infectivity?

– Are all of those antigen positive but 
culture negative patients 
infectious?

I don’t think we’ve 
proven that antigen 

testing truly correlates 
with infectivity.



How would we really prove that?
PCR +VE    Antigen +VE PCR +VE    Antigen -VE

Transmission to others Transmission to others
Is there a 

difference?



So does antigen tell us something about 
infectivity of a patient?

• Antigen positive patients are probably more 
infectious than antigen negative patients.

• Antigen negative (but infected) patients 
almost certainly are infectious.

• Careful when using absolute language 
around this. 

– Antigen negative does not equal not infectious

– Antigen negative probably equals less infectious



Summary

• Always capitalize Gram stain ☺

• Implement laboratory stewardship for Karius 
before it is too late

• The MIC is an inherently inaccurate value

– The vancomycin MIC is particular so given method 
dependence

– Daptomycin, and probably ceftaroline, are superior 
antibiotics regardless of vancomycin MIC

• COVID-19 antigen testing is not a perfect surrogate 
for infectivity

Do me a favor

If I’m even in your hospital 
with a MRSA BSI, please 

make sure I get daptomycin.



Some other great topics…
Does urine culture susceptibility testing predict outcome?

C. difficile Diagnosis – PCR vs. Toxin testing?

Are taxonomists the worst people on earth?

Is pediatric bacteremia different than that of adults?

What are the origins of COVID-19?

What is a Lyme literate doctor?



Thank you for very much for your attention.
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Questions?

christopher.doern@vcuhealth.org


