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OBJECTIVES
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Describe means by which microbial taxonomic

updates are officially accepted in the

scientific community and how these updates

are communicated

Explain the impact of taxonomic updates on

clinical microbiology and affiliated healthcare

disciplines

Discuss controversies/conundrums associated

with the implementation of taxonomic updates

by the clinical microbiology laboratory



A History Lesson
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FIRST ATTEMPTS

Nomenclature for prokaryotes introduced in 1700s;

utilized botanical rules

Staphylococcus aureus Rosenbach 1884

Type strain of S. aureus (ATCC 12600)

“Staphylococcus pyogenes aureus” (Rosenbach 1884)

“Micrococcus aureus” (Zopf 1885)

“Staphlococcus pyogenes citreus” (Passet 1885)

“Micrococcus pyogenes” (Lehmann and Neumann 1896)

Confusing repertoire of ~40,000 names
5
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SYNONYMS

Homotypic

“Staphylococcus pyogenes aureus”, effective name

“Micrococcus aureus”, effective name

we’ll get

to this later
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SYNONYMS

Heterotypic

“Staphlococcus pyogenes citreus”, effective name

“Micrococcus pyogenes”, effective name

Ann Landers           Abigail Van Buren

we’ll get

to this later



WE’VE GOTTA CLEAN THIS UP

International Committee on

Systematics of Prokaryotes (ICSP)

First Congress for Bacteriology Plenary Session

established contemporary approaches (1973)

International Code of Nomenclature of Bacteria

(THE CODE) published in 1975
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REFORMS

Approved Lists of Bacterial Names

January 1980

2,300 prokaryotic names

Reject rest

All novel nomenclature must be accepted by
International Journal of Systematic and Evolutionary Microbiology

International Bulletin of Bacteriological Nomenclature and Taxonomy (1951-1965)

International Journal of Systematic Bacteriology (1966-1999)

Valid nomenclature types were required to be

“designated” (i.e., deposit type strains)
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MOST RECENT CODE UPDATE IN 2019

Two General Considerations

“The progress of bacteriology can be furthered by a

precise system of nomenclature accepted by the

majority of bacteriologists of all nations.”

“To achieve order in nomenclature, it is essential

that scientific names be regulated by internationally-

accepted Rules.”

Bacteriologist has responsibility of classifying;

ICSP has responsibility of standardizing taxonomy
(prescribing naming procedures; assuring correctness)
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Identification of New Taxa
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DISCOVERING YOUR NEW TAXON

Designation of type strain

Viable isolate deposited in culture collection

centers in two nations

As of January 2018, whole genome sequence of

type strain must be deposited in GenBank,

with genome accession number included as

part of effective description

Effective description

Several recommendations provided in THE CODE

Minimum standards may vary by genus

Polyphasic approach to characterization
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PHENOTYPIC CHARACTERIZATION
Number of characteristics must be sufficiently high

to distinguish new species from related species;

recommend 5 strains (including type strain)
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Cultivation conditions (medium, incubation, duration)

Classical observations

Gram morphology, arrangement Colony morphology

Motility, oxidase, catalase Carbohydrates

Chemotaxonomic markers

Cellular fatty acid typing Isoprenoid classes

Peptidoglycan typing Mycolates

MALDI-TOF MS contribution



GENOTYPIC CHARACTERIZATION

% G + C content
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DNA-DNA hybridization (70% threshold)

98.8% 16S rRNA threshold; can vary with genus

Gene sequence analysis

16S rRNA gene is molecular modality of choice

Occasionally supplemented by housekeeping genes

rpoB, secA1, pheS

Present findings with phylogenetic tree



WHOLE GENOME SEQUENCING

Interpretation predicated on:

High-quality genomes with minimal contamination

Zero or small number of contigs

Adequate depth of coverage; algorithm for analysis
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96% ANI (over 90% coverage) threshold; can vary

98.8% for Mycobacterium tuberculosis

88.5% for Stenotrophomonas maltophilia

Analytical parameters

Tetranucleotide frequency average

Average amino acid identity

Average nucleotide identity (ANI)



PUBLISH IT--DIRECT APPROACH
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16S rRNA gene sequencing
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Biochemical

Chemotaxonomic



Effective description...now valid description

polyphasic characterization
novel species
no synonyms

type strain documented
published in IJSEM

(2012:  whole genome sequence
not required yet)
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PUBLISH IT--ALTERNATE APPROACH

Other journals publish new taxonomy
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Accepted/added by IJSEM; validation list



PUBLISH IT--ALTERNATE APPROACH
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16S rRNA gene
sequencing



22

Effective description...

polyphasic characterization
novel species
no synonyms

type strain documented

(2014:  whole genome sequence
not required yet)
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There have now been five
(2016, 2017, 2019, 2020)
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HOW DO WE FIND OUT ABOUT THIS?



There will soon be three
(2019, 2021)

J. Clin. Microbiol. 55:  24-42; 2017

25

HOW DO WE FIND OUT ABOUT THIS?
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APPROACHES DIFFER

Diagnostic Microbiology and Infectious Disease

Scope is bacteriology

Not all data validated by IJSEM

Novel taxa characterized by 5 strains (or clinical)

Journal of Clinical Microbiology

Scope expanded to include mycology, virology,

parasitology, mycobacteriology

All taxa validated by IJSEM

Includes all taxa derived from human clinical material

Later publications have included follow-up
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FOLLOW-UP IMPORTANCE

Klebsiella michiganensis sp. nov. (United States; 2012)

Original isolate from toothbrush holder

Isolate with KPC-2, NDM-1, NDM-5 recovered from

immunocompromised Chinese pt. w/diarrhea

Kingella negevensis sp. nov. (Israel, Switzerland; 2017)

Original 21 oropharyngeal isolates from healthy kids

Organism detected from corneal scrapings from a

United States patient diagnosed with keratitis

Am. J. Trop. Med. Hyg. 103: 672-674; 2020

J. Antimicrob. Chemother. 73: 536-538; 2018



Changes (i.e., Revisions)
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WHY SHOULD WE CARE?  #1

CAP checklist standard MIC.11375

incorporate “taxonomic changes that potentially

affect the choice of appropriate antimicrobials

to report and/or the interpretive breakpoints to use”
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Actinobacillus actinomycetemcomitans

Haemophilus actino… Aggregatibacter actino…

1985 2006

M100 M45

HTM (DD, BMD) MHB + lysed horse blood (BMD)

9 FQ, 15 cephems 2 FQ, 2 cephems

Plesiomonas spp. moved from M45 to M100 (why?)

M100 throw-away categories?

Streptococcus viridans group

Other non-Enterobacterales

WHY SHOULD WE CARE?  #2
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Elizabethkingia anophelis sp. nov. (Gambia; 2001)

Originally isolated from midgut of Anopheles spp.

Neonatal meningitis; thought to require vector

Identified as E. meningoseptica via biochemicals

Hong Kong research revealed differences in clinical

picture (sepsis, pneumonia, meningitis; ↑ mortality)

and epidemiology (vertical transmission)

Enterobacter bugandensis sp. nov. (Tanzania; 2016)

Most pathogenic Enterobacter spp. (in vitro)

WHY SHOULD WE CARE?  #3

Sci. Rep. 6:  26045; 2016

Sci. Rep. 8:  5392; 2018
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Corynebacterium belfantii sp. nov. (France; 2018)

Formerly 1 of 4 biovars of C. diphtheriae

Nitrate reductase-negative

Toxin genetic determinant absent

Clinical disease encompasses non-specific rhinitis

C. diphtheriae subsp. lausannense subsp. nov.

Nitrate reductase-negative

Non-toxigenic

Lower respiratory tract disease

WHY SHOULD WE CARE?  #4

Int. J. Syst. Evol. Microbiol. 68: 3826-3831; 2018

Front. Microbiol. 9: 1743; 2018
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Megasphaera massiliensis sp. nov. (Russia; 2013)

Originally isolated from feces of HIV-positive male

In vitro models suggest organism has protective

activity versus neuronal cell cytotoxicity

Ruthenibacterium lactatiformans sp. nov. (Russia; 2016)

Originally isolated from feces of healthy male

Abundance of this organism found in patients with

rheumatoid arthritis

WHY SHOULD WE CARE?  #5

Front. Cell Neurosci. 13: 402; 2019

Genes (Basel) 10: 748; 2019



Okay, now here’s the deal

I’ll try to educate ya

Gonna familiarize

You with the nomenclature

You’ll learn the definitions

Of nouns and prepositions

Literacy’s your mission
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Enterobacteriaceae

Enterobacterales

Enterobacteriaceae

Erwiniaceae fam. nov.

Pectobacteriaceae fam. nov.

Yersiniaceae fam. nov.

Hafniaceae fam. nov.

Morganellaceae fam. nov.

Budviciaceae fam. nov.
36



DIRTY DOZEN (out of ~70)
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Int. J. Syst. Evol. Microbiol. 66: 5575-5599; 2016

Morganellaceae

Morganella (type genus)

Proteus

Providencia

Yersiniaceae

Serratia

Yersinia (type genus)

Hafniaceae

Edwardsiella

Enterobacteriaceae

Citrobacter

Enterobacter

Escherichia (type genus)

Klebsiella

Salmonella

Shigella
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SAME ORDER
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Klebsiella aerogenes originally “linked” to taxon

Klebsiella mobilis; K. mobilis declared illegitimate

Empiric susceptibility consequences



REMEMBER THIS DISASTER?
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WE SORT OF LUCKED OUT ON THIS

Sequencing of 16S rRNA gene

rRNA cluster I reserved for genus Clostridium

Clostridium butyricum type species

rRNA cluster IX

Phylogenetically different than rRNA cluster I

More similar to Peptostreptococcaceae

Proposed genus Peptoclostridium

41

Int. J. Syst. Evol. Microbiol. 66: 1009-1016; 2016

Environ. Microbiol. 15: 2631-2641; 2013

Clostridioides ended up being a “compromise”
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HOW ABOUT THIS ONE?

Borrelia spp. Borreliella spp.



DEBATES IN THE LITERATURE
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SEVERAL HAVE BEEN ACCEPTED

Borreliella bavariensis comb. nov.

Borreliella burgdorferi comb. nov.

Borreliella carolinensis comb. nov.

Borreliella garinii comb. nov.

Borreliella japonica comb. nov.

Borreliella kurtenbachii comb. nov.

Borreliella sinica comb. nov.

Borreliella spielmanii comb. nov. Borreliella afzelii comb. nov.

Borreliella americana comb. nov.

Borreliella valaisiana comb. nov.
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ANOTHER GRAM-POSITIVE ROD

6 Acidipropionibacterium spp.

3 Cutibacterium spp. (including Cutibacterium acnes comb. nov)

Pseudopropionibacterium propionicum comb. nov.

Propionibacterium spp.
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MORE Cutibacterium spp.

Cutibacterium acnes subsp. acnes

Cutibacterium acnes subsp. elongatum comb. nov.

Cutibacterium acnes subsp. defendens



Big Ones for 2021
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NOVEL SPECIES TO KEEP AN EYE ON

Gram-positive cocci (n = 6) 

Four new species of Macrococcus spp.

Staphylococcus cornubiensis sp. nov. is fourth member of

Staphylococcus intermedius group

Gram-positive bacilli (n = 7)

Two new species of Tsukamurella spp.

Corynebacterium fournieri sp. nov.

Corynebacterium belfantii sp. nov.

Corynebacterium diphtheriae subsp. diphtheriae subsp. nov.

subsp. lausannense subsp. nov.

J. Clin. Microbiol. 59: e01309-20; 2021
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NOVEL SPECIES TO KEEP AN EYE ON

Gram-negative bacilli (n = 23) 

Eight new species of Enterobacteriacae

Two new species of Morganellaceae

Yersinia kristensenii subsp. rochesterensis subsp. nov.

Pandorea fibrosis sp. nov. from CF respiratory secretions

Elizabethkingia occulta sp. nov.

Three new species of Gardnerella spp.

Campylobacter armoricus sp. nov. (also French shellfish)

Spirochetes (n = 1)

Leptospira venezuelensis sp. nov.

J. Clin. Microbiol. 59: e01309-20; 2021
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NOVEL SPECIES TO KEEP AN EYE ON
Anaerobic Gram-positive bacteria (n = 25) 

Clostridium neonatale sp. nov.

Outbreak of neonatal necrotizing enterocolitis

Originally identified as Clostridium clostridioforme

Bacterial vaginosis Murdochiella vaginalis sp. nov.

Collinsella vaginalis sp. nov.

Anaerobic Gram-negative bacteria (n = 12)

Gram-negative cocci Veillonella infantium sp. nov.

Libanicoccus massiliensis sp. nov.

Sutterella megalosphaeroides sp. nov.

Three new Prevotella spp.; two new Parabacteroides spp.

J. Clin. Microbiol. 59: e01309-20; 2021



51

REVISIONS TO Methylobacterium

Eleven species move to Methylorubrum gen. nov. 

Methylorubrum extorquens comb. nov.

Methylorubrum aminovorans comb. nov. M. zatmanii comb. nov.

Methylorubrum thiocyanatum comb. nov. M. podarium comb. nov.

Methylorubrum rhodesianum comb. nov.

Over 30 species stay in Methylobacterium
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REVISIONS TO Mycoplasma

Five novel genera 

Malacoplasma gen. nov.

Mesomycoplasma gen. nov.

Metamycoplasma gen. nov. (Metamycoplasma hominis)

Mycoplasmoides gen. nov. (Mycoplasmoides genitalium, pneumoniae)

Mycoplasmopsis gen. nov.

105 total nomenclature revisions

Antonie Van Leeuwenhoek 111: 1583-1630; 2018



“unnecessary over-reach verging

on taxonomic vandalism”
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REVISIONS TO Mycobacterium

Front. Microbiol. 9: 67; 2018

Mycolicibacter gen. nov.

Mycolicibacillus gen. nov.

Mycobacteroides gen. nov. (rapid growers)

Mycolicibacterium gen. nov. (rapid growers)



REVISIONS TO Mycobacterium

114 total nomenclature revisions

97% accepted by IJSEM

Clin. Microbiol. Newslett. 42: 111-120; 2020
55

Did not touch: Mycobacterium tuberculosis

Mycobacterium bovis

Mycobacterium avium

Mycobacterium leprae

Mycobacterium kansasii

Mycobacterium genavense

Mycobacterium scrofulaceum



Eur. Respir. J. 54: 1900795; 2019
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So What?
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WAIT…WAIT…
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Clinical relevance may not be determined

Updating of databases by commercial vendors

Daily laboratory operations

Communication

Multi-facility laboratory systems 

LIS updates

Utilization of databases (interfaces) by users

Clinicians may become cognizant of changes



TIMING

60

Acinetobacter dijkshoorniae sp. nov.

Published in IJSEM in 2016

Designation was found to be synonym of A. lactucae

Reverted to Acinetobacter lactucae in 2018

Pseudopropionibacterium rubrum sp. nov.

Effectively described in June 2018

Accepted by IJSEM in September 2018

Illegitimate designation in August 2019

Arachnia rubra comb. nov.

IJSEM. 69: 2612-2615; 2019

Int. J. Syst. Evol. Microbiol. 68: 131-132; 2018



J. Clin. Microbiol. 57: e00231-19; 2019
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J. Clin. Microbiol.

49: 3449; 2011



Thank you for your attention.
Have a good (better) 2021.
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