






perfringens, 0.2% for Clostridium tertium, and 0.0% for Clos-
tridium ramosum. Intraspecies variabilities for B. fragilis, Bac-
teroides thetaiotaomicron and its relatedness group, and Bacte-
roides ovatus were 3.3%, 4.0%, and 0.8%, respectively.
Intraspecies variabilities of Eggerthella lenta and Fusobacterium
nucleatum were 1.7% and 2.7%, respectively. We observed

unusual sequence variants that grouped within taxonomical
clusters of Anaerococcus sp., Bacteroides thetaiotaomicron,
Parabacteroides distasonis, Bacteroides intestinalis, Clostridium
subterminale, Eggerthella lenta, and Peptoniphilus sp. For exam-
ple, we found three isolates with sequences that were distinctly
different from reference sequences of Eggerthella lenta and six

FIG. 2. Neighbor-joining radial dendrogram for gram-negative anaerobes not shown in Fig. 1. Only unique sequences are illustrated, with
numbers of isolates for each unique sequence in parentheses.
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sequence variants for Bacteroides thetaiotaomicron (Fig. 1
and 2).

DISCUSSION

Accurate species determination for anaerobes from blood
cultures has become increasingly important, because anaer-
obic bacteremia with multiple-drug-resistant organisms has
emerged as a significant health care problem as there are more
patients at risk from immunosuppression and multiple comor-
bidities (6–9). To our knowledge, this study is the first longi-
tudinal survey of anaerobic bacteremia at a large tertiary care
hospital that identified anaerobes by 16S rRNA gene sequenc-
ing. We corroborate previous observations that the most com-
mon anaerobes that cause bloodstream infection, in decreasing
order of frequency, are Bacteroides fragilis, other Bacteroides
species, Clostridium species, anaerobic gram-positive cocci, Fu-
sobacterium nucleatum, and Prevotella spp. Unlike prior reports
that were limited by conventional methods, we observed with
sequence-based identification a significant proportion of
bloodstream infections from less common members of the
Bacteroides and Clostridium taxonomical groups. We also doc-
ument the first cases of anaerobic bacteremia from Bacteroides
dorei, Bacteroides finegoldii, Parabacteroides merdae, Clostrid-
ium argentinense, Clostridium celerecrescens, Clostridium colica-
nis, Ruminococcus gnavus, and Tissierella praeacuta. Conven-
tional identification misclassified or inconclusively identified
approximately 25% of isolates, thereby missing a potential
opportunity to define the epidemiology of or susceptibility
patterns for these clinically significant anaerobic bloodstream
infections. Of importance, conventional methods misclassified
the Gram reaction and genera for several isolates and misi-
dentified Parabacteroides distasonis, Bacteroides caccae, and
Bacteroides vulgatus, three species known to have resistance to
multiple antibacterials (14). Clinical decision-making based on
erroneous conventional identifications could adversely affect
patient care if a suboptimal empirical antibacterial regimen
was selected or if misidentification belied the underlying
source of infection.

We acknowledge that many laboratories cannot routinely
employ partial 16S rRNA gene sequencing for anaerobic iden-
tification due to a lack of technical expertise and to cost.
However, over the past several years, various commercial plat-
forms and reference databases have become available for
DNA target sequencing, enabling less experienced, nonmo-
lecular bench technologists to determine and analyze DNA
sequences. Laboratories should develop algorithms to screen
for those isolates that can be adequately identified by conven-
tional methods and should refer only a subset of isolates for
16S rRNA gene sequencing. Additionally, implementation of
DNA target sequencing reduces the need for highly experi-
enced personnel, a well-documented diminishing resource, and
can result in a labor savings of least one full-time equivalent
certified medical technologist (13).

Sequence data are a more valuable tool than identification
by conventional methods, because they are objective and can
be easily exchanged between different laboratories for compar-
ison. Sequence-based identification enables us to appreciate
the degree of heterogeneity within taxa, which can be repre-
sented by either high intraspecies variability or unusual se-

quence variants within taxonomically related clusters. The clin-
ical relevance of reclassifying unusual sequence variants as new
species cannot be reliably determined with a single institu-
tional data set. Additionally, phylogeny may vary by the type of
DNA target sequenced, with sequences potentially clustering
into different groups using 16S rRNA, rpoB, or tuf targets. We
propose that investigators maintain viable culture collections
of unusual anaerobes and deposit their sequences into public
databases, but we caution against the impulse to describe them
as unique species. A consensus has not been reached within the
microbiology community about drawing finer distinctions be-
tween species in a meaningful way, and the concept of species
has not been clearly delineated. Instead, we recommend that
investigators deposit unusual sequences as “variants within
taxonomical relatedness groups,” affording the opportunity to
carefully evaluate their taxonomical and clinical significance
longitudinally and then determine the need for unique species
designations. Improved disease surveillance using DNA target
sequencing will provide us with the ability to correlate certain
anaerobes with specific clinical syndromes and better under-
stand the development of antibiotic resistance within individ-
ual taxonomical groups.
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