
 

Genomics may help ID organisms in
outbreaks of serious infectious disease

April 9 2013

Researchers have been able to reconstruct the genome sequence of an
outbreak strain of Shiga-toxigenic Escherichia coli (STEC) using
metagenomics (the direct sequencing of DNA extracted from
microbiologically complex samples), according to a study in the April 10
issue of JAMA, a Genomics theme issue. The findings highlight the
potential of this approach to identify and characterize bacterial
pathogens directly from clinical specimens without laboratory culture.

"The outbreak of Shiga-toxigenic Escherichia coli, which struck
Germany in May-June 2011, illustrated the effects of a bacterial
epidemic on a wealthy, modern, industrialized society, with more than
3,000 cases and more than 50 deaths. During an outbreak, rapid and
accurate pathogen identification and characterization is essential for the
management of individual cases and of an entire outbreak. Traditionally,
clinical bacteriology has relied primarily on laboratory isolation of
bacteria in pure culture as a prerequisite to identification and
characterization of an outbreak strain. Often, however, in vitro culture
proves slow, difficult, or even impossible, and recognition of an
outbreak strain can be difficult if it does not belong to a known variety
or species for which specific laboratory tests and diagnostic criteria
already exist," according to background information in the article.
Metagenomics has been used in a clinical diagnostic setting to identify
the cause of outbreaks of viral infection.

Nicholas J. Loman, M.B.B.S., Ph.D., of the University of Birmingham,
England, and colleagues conducted a study to explore the potential of
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metagenomics to identify and characterize (by determining genome
sequence data) bacterial strains from an outbreak without the need for
laboratory culture. For this retrospective investigation, 45 samples were
selected from fecal specimens obtained from patients with diarrhea
during the 2011 outbreak of Shiga-toxigenic Escherichia coli (STEC)
O104:H4 in Germany. Samples were subjected to sequencing (August-
September 2012), followed by a 3-phase analysis (November
2012-February 2013).

In phase 1, a draft genome of the outbreak strain was constructed, using
data obtained the HiSeq 2500 instrument in rapid-run mode. Outbreak-
specific sequences were identified by subtracting sequences from the
outbreak metagenome that were present in fecal samples from healthy
individuals. In phase 2, the depth of coverage of the outbreak strain
genome was determined in each sample. In phase 3, sequences from
each sample were compared with sequences from known bacteria to
identify pathogens other than the outbreak strain.

"During phase 2, the outbreak strain genome was recovered from 10
samples at greater than 10-fold coverage and from 26 samples at greater
than 1-fold coverage. Sequences from the Shiga-toxin genes were
detected in 27 of 40 STEC-positive samples (67 percent). In phase 3,
sequences from Clostridium difficile, Campylobacter jejuni, 
Campylobacter concisus, and Salmonella enterica were recovered," the
authors write.

"Using metagenomics, we have been able to recover a draft genome
sequence of the German STEC strain without the need for laboratory
culture. We found that in most patients with STEC-positive samples, the
outbreak strain of E coli accounted for a sizeable proportion of
microbial sequences."

"In conclusion, these results illustrate the potential of metagenomics as
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an open-ended, culture-independent approach for the identification and
characterization of bacterial pathogens during an outbreak of diarrheal
disease. Challenges include speeding up and simplifying workflows,
reducing costs, and improving diagnostic sensitivity, all of which are
likely to depend in turn on improvements in sequencing technologies."

David A. Relman, M.D., of the Stanford University School of Medicine,
Stanford, Calif., comments on the findings of this study in an
accompanying editorial.

"Microbial genome and community sequence data are destined to affect
clinical and public health decision making in a profound manner.
However, clinician-investigators know that there remain many critical,
clinically relevant questions that demand more than genome sequence
data, requiring biological measurements and a deeper understanding of
the ecological and clinical setting."

  More information: JAMA. 2013;309(14):1502-1510
JAMA. 2013;309(14):1531-1532
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