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What are they?
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SYNDROMIC (MOLECULAR) PANELS

Simultaneously tests for multiple pathogens on

basis of site of illness (“shotgunning”)

Can encompass multiple disciplines of microbiology

Bacteriology Mycology

Virology Parasitology
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ANOTHER PERSPECTIVE

Infectious agents of same organ system, though

some agents may cause different manifestations

“We’ve been doing this all along…”

Stool culture (x3) Sputum culture

Blood culture Urine culture

Fungus culture Virus culture
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Without a diagnostic approach, providers would

have to treat for everything

Without a panel approach, providers would have

to list infectious agent in requisition (kitchen sink)



Escherichia coli K1

Haemophilus influenzae

Listeria monocytogenes

Neisseria meningitidis

Streptococcus pneumoniae

Streptococcus agalactiae

Cryptococcus neoformans

Cytomegalovirus

Enterovirus

Herpes simplex virus type 1

Herpes simplex virus type 2

Human herpes virus-6

Human parechovirus

Varicella-zoster virus

9J Clin Microbiol. 54:2251-2261; 2016



Influenza A virus (H1)

Influenza A virus (H3)

Influenza A virus (H5)

Influenza B virus

Respiratory syncytial virus A

Respiratory syncytial virus B

Human bocavirus

Human metapneumovirus

Adenovirus

Enterovirus/rhinovirus

Parainfluenza virus 1

Parainfluenza virus 2

Parainfluenza virus 3

Parainfluenza virus 4

SARS-CoV-1

Coronavirus NL63

Coronavirus 229E

Coronavirus OC43

Coronavirus HKU1

J Clin Microbiol. 46:3056-3062; 2008 10
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Aeromonas spp.

Campylobacter spp. (jejuni, coli, upsaliensis)

Clostridioides difficile toxin A, B

Plesiomonas shigelloides

Salmonella spp.

Vibrio spp. (parahaemolyticus, vulnificus)

Yersinia enterocolitica

Cryptosporidium spp.

Cyclospora cayetanensis

Entamoeba histolytica

Giardia lamblia

Yersinia enterocolitica

Enteroaggregative E. coli

Enteropathogenic E. coli

Enterotoxigenic E. coli

Enteroinvasive E. coli / Shigella spp.

Shiga-like toxin-producing E. coli

Adenovirus F 40/41

Astrovirus

Norovirus GI/GII

Rotavirus A

Sapovirus

J Clin Microbiol. 53:915-925; 2015 12
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I-Clicker Question 1
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I-CLICKER QUESTION 1

Does your laboratory offer syndromic molecular panels on

its test menu?

A. No, we don’t.

B. We don’t, but we want to.

C. Yes, we offer 1-2 of the tests that Erik just mentioned.

D. Yes, we offer 3-4 of the tests that Erik just mentioned.

E. I’m a bit scared about the surprise already.
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Why beneficial?
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BENEFIT #1:  UNKNOWN OUTBREAK

Respiratory illness in late summer 2014; variety

of agents suspected at that time of year
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Identified with assistance of syndromic panel

J Clin Microbiol. 53:3110-3115; 2015

MMWR Morb Mortal Wkly Rpt. 63:798-799; 2014

Ruling out known agents → emerging agent



BENEFIT #2:  EXPAND MENU

Central nervous system disease

18

Past FDA clearance limited to enterovirus, HSV

J Clin Microbiol. 56:e00018; 2018

Open Forum Infect Dis. 4:S8; 2017

145 neonatal specimens

17 additional pathogens identified by panel

Human parechovirus PCR not requisitioned in

7 of the 11 eventual detections

Provider satisfaction (also in non-3º hospitals)



BENEFIT #3:  PATIENT SATISFIER

Respiratory panel
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ER patients not there “for the sniffles”; illness

perceived as severe

J Clin Microbiol. 53:3110-3115; 2015

Notification of diagnosis within 1-2 hours

Publication of patient satisfaction surveys may

influence choice of care provider in a competitive

environment



BENEFIT #4:  MANAGEMENT (I)

Central nervous system disease
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8-12% fatality rate associated with bacterial

<1% fatality rate associated with viral meningitis

J Clin Microbiol. 56:e00018; 2018

Open Forum Infect Dis. 4:S8; 2017

Listeria would not respond to empiric Rx

Wisconsin study reported a 15-hour decrease

in time to targeted therapy



BENEFIT #4:  MANAGEMENT (II)

Lower severity (and absence of antimicrobial

therapy) for viral meningitis
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Length of stay shortened to mean 3.7 days (viral)

Length of stay mean 16.6 days for bacterial

Neonatal length of stay

44h when using syndromic panel

72h when no viral agent detected by conventional 

J Clin Microbiol. 56:e00018; 2018

Open Forum Infect Dis. 4:S8; 2017



Higher treatment failure rate in MSSA bacteremic

patients treated with vancomycin than in

those treated with nafcillin

Clin Infect Dis. 42 (suppl 1):S51-S57; 2006 22

BENEFIT #5:  INTERVENTION (I)

Nafcillin Vancomycin

MSSA Susceptible Susceptible

MRSA Resistant Susceptible

REMEMBER…
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BENEFIT #5:  INTERVENTION (II)



How does critical thinking
enter this conversation?
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SYNDROMIC (MOLECULAR) PANELS

Simultaneously tests for multiple pathogens on

basis of site of illness (“shotgunning”)

Can encompass multiple disciplines of microbiology

Bacteriology Mycology

Virology Parasitology

Can become rather expen$ive

Difficult for laboratories to validate these panels

Laboratories worry about reimbur$ement
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COMPREHENSIVE GI PANEL

Campylobacter spp.

Clostridioides difficile toxin

Plesiomonas spp.

Salmonella spp.

Yersinia spp.

Vibrio spp.

Vibrio cholerae

E. coli (aggregative)

E. coli (pathogenic)

E. coli (toxigenic)

E. coli (invasive)

E. coli O157

E. coli (shiga toxin)

Cryptosporidium spp.

Cyclospora spp.

Entamoeba histolytica

Giardia spp.

Adenovirus

Astrovirus

Norovirus

Rotavirus

Sapovirus
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COMPREHENSIVE GI PANEL

Campylobacter spp. negative

Clostridioides difficile toxin negative

Plesiomonas spp. negative

Salmonella spp. negative

Yersinia spp. negative

Vibrio spp. negative

Vibrio cholerae negative

E. coli (aggregative) negative

E. coli (pathogenic) negative

E. coli (toxigenic) negative

E. coli (invasive) negative

E. coli O157 negative

E. coli (shiga toxin) negative

Cryptosporidium spp. negative

Cyclospora spp. negative

Entamoeba histolytica negative

Giardia spp. negative

Adenovirus negative

Astrovirus negative

Norovirus POSITIVE

Rotavirus negative

Sapovirus negative
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WATCH OUT

Campylobacter spp. negative

Clostridioides difficile toxin POSITIVE

Plesiomonas spp. negative

Salmonella spp. negative

Yersinia spp. negative

Vibrio spp. negative

Vibrio cholerae negative

E. coli (aggregative) negative

E. coli (pathogenic) negative

E. coli (toxigenic) negative

E. coli (invasive) negative

E. coli O157 negative

E. coli (shiga toxin) negative

Cryptosporidium spp. negative

Cyclospora spp. negative

Entamoeba histolytica negative

Giardia spp. negative

Adenovirus negative

Astrovirus negative

Norovirus POSITIVE

Rotavirus negative

Sapovirus negative

28



I-Clicker Question 2
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I-CLICKER QUESTION 2

What do YOU do when your multiplex gastrointestinal

panel detects C. difficile along with an agent of GI distress?

A. Report them both.

B. Report the most likely culprit (tell me which one).

C. Call the provider.

D. This situation never happens to us.

E. Send an Email to the inaugural winner of the Shult Award.

30



31J Clin Microbiol. 53:3110-3115; 2015

WHAT WOULD THE EiC DO?

“Would you recommend routine, simultaneous testing
for the following combinations of pathogens?

Stool samples for C. difficile in
combination with norovirus,
Salmonella, Campylobacter species,

and Shiga-toxin producing E. coli ”



FIXED PANELS CAN BE A PROBLEM

Consider your patient population

Age Cancer chemotherapy

Previous Abx Gastrointestinal surgery

Hospital admission GI tract manipulation

32

Minority needs C. difficile + other GI agent testing

J Clin Microbiol. 53:3110-3115; 2015

Colonization of toxigenic C. difficile

Young children

Children with inflammatory bowel disease
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Parameter Bacterial Meningitis Viral Meningitis

Estimated annual

incidence in U.S.
4,000 30,000 to 50,000

CSF leukocytes Neutrophils Lymphocytes

CSF glucose Low Normal

CSF protein Elevated Elevated (slight)

CSF direct smear  

and culture
Usually positive Negative

SHARED SPECIMEN

Additional assessment for erythrocytes, turbidity

34



Escherichia coli K1

Haemophilus influenzae

Listeria monocytogenes

Neisseria meningitidis

Streptococcus pneumoniae

Streptococcus agalactiae

Cryptococcus neoformans

Cytomegalovirus

Enterovirus

Herpes simplex virus type 1

Herpes simplex virus type 2

Human herpes virus-6

Human parechovirus

Varicella-zoster virus
35



METHODS

Eleven US medical centers over 8-month period

1560 prospective CSF subjected to Film Array

Compared to culture (for bacteria)

Compared to individual PCR (for viruses, yeast)

9.0% overall detection rate

22 bacteria detected

114 viruses detected

5 yeast detected

J Clin Microbiol. 54:2251-2261; 2016 36



>90% sensitivity for most analytes

>99% specificity for all analytes

37J Clin Microbiol. 54:2251-2261; 2016



J Clin Microbiol. 56:e00018; 2018

WATCH OUT

3/14 targets had ≥10 positive reference specimens
[16/22 targets had ≥10 positive reference specimens for GI panel]

Detections of unknown clinical significance

HHV-6 Commonly encountered in childhood

Found in up to 40% normal brain tissue

Second-most-frequent positive result

CMV High seroprevalence; latency in WBC

CT not available for Film Array

General prevalence

38



LAB MATH (population)

Negative Predictive =
Value

true negatives

true negatives + false negatives

Positive Predictive  =
Value

true positives

true positives + false positives

39



INFLUENCE OF PREVALENCE

2% prevalence

20 true-positives

98 false-positives

879 true-negatives

3 false-negatives

16.9% Positive Predictive Value

99.7% Negative Predictive Value

20% prevalence

200 true-positives

77 false-positives

693 true-negatives

30 false-negatives

72.2% Positive Predictive Value

95.8% Negative Predictive Value

Assay with 87.0% sensitivity; 90.0% specificity

Test 1000 people in two scenarios

40



J Clin Microbiol. 54:2222-2224; 2016

CANNOT REPLACE OTHER ASSAYS

Gram stain essential for interpreting PCR results

Culture still needed for non-targeted organisms

and antimicrobial susceptibility testing

Cryptococcal antigen still very good

Targeted PCR testing in i’competent adults may be

more cost-effective

CSF nucleated cell counts could be a way to 

minimize unnecessary testing in i’competent adults

41



Clin Microbiol Rev. 31:e00095-17; 2018

POSITIVE BLOOD CULTURES

42

Savings per death averted



Clin Infect Dis. 64:15-23; 2017

Mortality Risk [Odds Ratios (95% confidence interval)]

mRDT vs. conventional microbiology 0.66 (0.54-0.80)

mRDT with antimicrobial stewardship 0.64 (0.51-0.79)

mRDT w/out antimicrobial stewardship 0.72 (0.46-1.12)

Time to effective Rx ↓ 5.03 hours; LOS ↓ 2.48 days 

43



Surprise
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“You know, ever since we started doing your new
Trich test, we still notice guys with obvious
urethritis, but still have negative results for

chlamydia, gonorrhea, and Trich.  I really think
that it’s Mycoplasma; can you test for this?”

R. Gremminger, M.D.

circa 2010
45
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CAUTION I



SUBOPTIMAL REFERENCE METHOD

J Infect Chemother. 18:494-500; 2012 48



CAUTION II
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NO REFERENCE METHOD

Int J STD AIDS 27:1275-1282; 2016 50



LOW NUMBERS

51Int J STD AIDS 27:1275-1282; 2016



CAUTION III
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DISCREPANCY PREPONDERANCE

APMIS 123:879-886; 2015 53



PERFORMANCE INDICES

Am J Obstet Gynecol. 200:188.e1-188.e7; 2009 (adapted) 54



I-Clicker Question 3
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I-CLICKER QUESTION 3

Does your laboratory test for organisms such as (genital)

Mycoplasma hominis and Ureaplasma urealyticum?

A. Yes, we routinely do so.

B. Yes, but we do not get requests for these very often.

C. No, we do not offer this testing.

D. Sort of; this is a send-out test.

E. I need more pastries.

56



Mollicutes PATHOGENICITY

Mandell Principles and Practice of Infectious Diseases

Disease
Causality by:

Comments
U. urealyticum M. hominis

NGU +++ - Ureaplasma proportion unknown

Prostatitis ++ - no evidence for chronic prostatitis

Epididymitis +++ - particularly in HIV-positive

Urinary calculi ++ - largely animal studies

Pyelonephritis - +++ acute cases and exacerbations

Reiter’s disease + - more Ureaplasma data needed

Involuntary infertility + - role in sperm motility

57

CAUTION IV



Disease
Causality by:

Comments
U. urealyticum M. hominis

Low birth weight - - causal relation unproved

Chorioamnionitis ++ - quoted as “few cases”

Repeated stillbirth/ 

spontaneous abortion
- - causal relation unproved

Involuntary infertility + - also role in sperm motility

Postpartum fever + +++ M. hominis major cause

Postabortal fever - +++ M. hominis proportion unknown

PID - ++ probably small proportion

Vaginitis/vaginosis
- - M. hominis association with 

vaginosis

Cervicitis - - NONE

Bartholin abscess - - M. hominis involvement doubtful

58Mandell Principles and Practice of Infectious Diseases

Mollicutes PATHOGENICITY
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Sexually Transmitted Diseases Treatment Guidelines, 2021

PELVIC INFLAMMATORY DISEASE

Upper female genital tract inflammatory disorders

Endometritis Tubo-ovarian abscess

Salpingitis Pelvic peritonitis

60

N. gonorrhoeae, C. trachomatis many cases

Vaginal organisms (G. vaginalis, anaerobes,

enteric GNR, H. influenzae, S. agalactiae)

Some associations with M. hominis, U. urealyticum,

M. genitalium, cytomegalovirus



Sexually Transmitted Diseases Treatment Guidelines, 2021

PELVIC INFLAMMATORY DISEASE

Most-specific diagnostic criteria:

Histopathologic evidence of endometritis

Thickened, fluid-filled tubes (MRI, sonography)

Laparoscopic findings consistent with PID

61

Supplemental findings include:

C. trachomatis, N. gonorrhoeae cervical infection

Abnormal cervical mucopurulent discharge

Increased leukocytes in vaginal fluid

Elevated C-reactive protein



J Infect Chemother. 18:494-500; 2012 62

PARTICIPANTS:  304 ♀; 435 ♂
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I-Clicker Question 4
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I-CLICKER QUESTION 4

Other than at the height of your SARS-CoV-2 powers or peak

respiratory season, do you have a molecular test that exhibits

>22% positivity (over a non-seasonal continuum)?

A. No.

B. No, you have a problem with your test.

C. Yes.

D. Yes, and I would love to tell you about it.

E. I want to go to lunch.

65



66J Eur Acad Dermatol Venereol. 32:1845-1851; 2018

Routine testing, treatment of a/symptomatic women and men

for M. hominis, U. urealyticum, U. parvum not recommended

Asymptomatic carriage common; majority does not develop disease

Extensive detection and treatment may introduce economic burden (♀)



TAKE HOME

Benefits do exist within the paradigm

of molecular syndromic panels

Limitations do exist within the paradigm

of molecular syndromic panels

Review literature with a critical eye

(how does this impact your offering?)

Don’t offer a test “just because you can”…

Determine first if you should
67


