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INSTRUMENTS 
& APPLICATIONS

Since the attacks of September 11,
2001, and the appearance of anthrax
contamination transmitted through

the U.S. mail, the threat of bioterrorism
has become palpable for Americans. In
addition to the preventive activ-
ities of intelligence and securi-
ty agencies, preparation for a
bioterrorist attack can include
the stockpiling of vaccines and
other therapeutics, the creation
and training of cross-discipli-
nary response teams, and the
surveillance of the patient popu-
lation for a greater-than-random
occurrence of unusual disease
symptoms.

Unlike chemical weapons,
disease-producing biological
pathogens do not usually make
themselves known by noxious
effects until they manifest
symptoms in the infected.
Therefore, no matter the prepa-
ration, once there is evidence of
such disease, a quick response
in the form of medical treat-
ment and the implementation
of public health measures are
required to limit the severity
and spread of the infection and
its consequences. For this to occur, rapid
and preferably inexpensive techniques that
can accurately identify these agents are
necessary.

Bio-agent Identification
Biowarfare agents (BWAs) defined by the
U.S. Centers for Disease Control and
Prevention (CDC, www.cdc.gov) as posing
the greatest threats are listed in the box,
“Catalog of Dangerous Biological Agents.”
There are two different levels of identifi-
cation for bacterial BWAs: presumptive
and confirmatory. Presumptive methods
are usually field-based assays that give a

yes/no answer for the biological pathogen
of interest.  These methods include PCR-
based assays and immunoassays.  Confir-
matory techniques, on the other hand, are
usually laboratory-based and are used to

confirm information coming from these
field assays.  These include gamma phage,
specific PCR methods, direct fluorescence
assay (DFA), and cellular fatty acid analy-
sis.  In addition to being more accurate
and precise than field devices, confirma-
tory methods can tell the difference
between live and dead spores (which is
useful for evaluating the success of disin-
fection procedures). 

MIDI, Inc. (www.midi-inc.com), devel-
oped an automated cellular fatty acid
analysis technique, branded Sherlock, in
1985 for both the biopharmaceutical qual-
ity-control industry and clinical markets.

More recently, with the help of increas-
ingly comprehensive bacterial reference
databases (libraries), the MIDI Sherlock
system has taken on an important role in
bioterrorism applications. It turns out that

many bacterial agents consid-
ered to be potential BWAs,
such as Bacillus anthracis
(anthrax), Francisella tularensis
(tularemia), and Yersinia pestis
(plague), have distinctive fatty
acid patterns that can be iden-
tified by this method.

FAME Analysis
The MIDI research and devel-
opment laboratory has found
more than 300 fatty acids and
related compounds in the cell
membranes of bacteria (1). The
wealth of information contained
in these compounds comes from
both qualitative (presence or
absence of a fatty acid) and
quantitative (amount of a fatty
acid) measurements.

The current method requires
that bacteria be grown in culture,
and the fatty acids are extracted
by a procedure which consists of
saponification in dilute sodium

hydroxide/methanol solution followed by
derivatization with dilute hydrochloric
acid/methanol solution to give the respec-
tive fatty acid methyl esters (FAMEs). The
FAMEs are extracted from the aqueous
phase by the use of an organic solvent, and
the resulting solution is analyzed using GC.
FAMEs are more volatile than their respec-
tive fatty acids and therefore more suitable
to GC analysis. The Sherlock software auto-
mates all analytical operations and uses a
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Figure 1. The Sherlock Bioterrorism Library was used to identify the anthrax
bacterium in a 94-year-old woman in Connecticut in November 2001. (Data
courtesy of the Connecticut Department of Public Health Laboratory.)

http://www.cdc.gov
http://www.midi-inc.com
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sophisticated pattern recogni-
tion algorithm to match the
unknown FAME profile to the
stored database entries for iden-
tification.

The resulting printout gives
a closeness match to one or more
organisms recorded in the
libraries. This is depicted by
means of a similarity index (SI),
which has a range of 0.000 to
1.000. The SI is a mathematical
measure of the closeness of the
GC-FAME pattern produced by
the unknown to the correspon-
ding information for each data-
base entry. For example, a match
of 1.000 to the Bacillus anthracis
library entry would indicate that
the fatty acid profile of the
unknown exactly matched this
library entry. Generally, when
there is an SI greater than 0.600
and at least a 0.100 difference in
SI between the first and second
library choices, it is considered
a good match. Furthermore, the
Tracker program in the Sherlock
software automatically performs
typing (i.e., distinguishing the
specific strain of the organism)
by comparing the current
sample profile to all previously
analyzed runs stored on the hard
drive within seconds, which can
be useful for epidemiological
purposes.

Library ID
Clearly, the libraries of GC data
are a vital part of the identifi-
cation process. Thus, an impor-
tant step in making fatty acid
analysis amenable to biological
weapon detection was the
recent development of the Sher-
lock Bioterrorism Library
(BIOTER1.0), a library of six bacterial
BWAs developed and validated by the U.S.
Army Medical Research Institute of Infec-
tious Diseases (USAMRIID, www.usam
riid.army.mil ). This database has since been
updated to Sherlock BTR20, which
includes nonbioterrorism challenge organ-
isms. The BTR20 library contains B.
anthracis and the other class A and class B
bacterial bioterrorism agents Brucella
melitensis (brucellosis), Burkholderia mallei

(glanders), Burkholderia pseudomallei
(melioidosis), F. tularensis, and Y. pestis.
To assure confidence, the database contains
the most closely related organisms in the
same genus (e.g., B. cereus and B. thuringien-
sis for comparison to B. anthracis). This
library is used in conjunction with Sher-
lock’s environmental and clinical libraries
to form a comprehensive dual-use system
identifying more than 1500 bacterial
species. 

Because this identification
method is based on a near-
universal characteristic of all
bacteria possessing a unique
complement of cellular fatty
acids, ongoing expansion of the
Sherlock bacterial fatty acid
reference databases continues to
enhance the system’s utility. For
this purpose, MIDI maintains
extensive relationships with a
network of researchers who
forward analyses of newly
encountered organisms. To
provide for the likelihood of
species variability, MIDI library
entries include many different
strains of each organism. For
example, the B. anthracis entry
in the Sherlock BTR20 library
includes data from more than
70 strains of this organism.
Because of the extensive amount
of information contained in the
GC-FAME profiles (more than
100 GC-FAME peaks are used
in the software), the system can
go beyond identification of an
organism and be used in strain
tracking. This capability is vital-
ly important in locating the
source of contamination and
tracking its dissemination. 

Anthrax and More
During the fall 2001 anthrax
attacks in the United States,
this functionality came in
handy. Amid the reports of the
microbe being sent to the
media and political elite was
the mysterious case of a 94-
year-old woman in Connecti-
cut who showed anthraxlike
symptoms, which she shortly
died from. Physicians at the
Connecticut hospital where the

patient was first examined suspected a
bacillus, but they were not equipped to
identify the specific organism. Samples
sent to the Connecticut Department of
Public Health Laboratory were first
confirmed as B. anthracis by using the
Sherlock system with the BIOTER1.0
database. Further comparison of the
Connecticut data to the strains of anthrax
used to build the library revealed that the
strain was the Ames strain—the same one

Category A Diseases/Agents (highest priority). Easily 
disseminated or transmitted; potential for high mortality rates,
significant public health impact, and public panic.
• Anthrax (Bacillus anthracis) 

• Botulism (Clostridium botulinum toxin) 

• Plague (Yersinia pestis) 

• Smallpox (variola major) 

• Tularemia (Francisella tularensis) 

• Viral hemorrhagic fevers (filoviruses [e.g., Ebola, Marburg] 
and arenaviruses [e.g., Lassa, Machupo]) 

Category B Diseases/Agents. Moderately easy to 
disseminate; potential for moderate morbidity rates and 
low mortality rates.
• Brucellosis (Brucella species) 

• Epsilon toxin of Clostridium perfringens

• Food safety threats (e.g., Salmonella species, Escherichia coli
O157:H7, Shigella) 

• Glanders (Burkholderia mallei ) 

• Melioidosis (Burkholderia pseudomallei ) 

• Psittacosis (Chlamydia psittaci ) 

• Q fever (Coxiella burnetii )

• Ricin toxin from Ricinus communis (castor beans) 

• Staphylococcal enterotoxin B

• Typhus fever (Rickettsia prowazekii )

• Viral encephalitis (alphaviruses [e.g., Venezuelan equine 
encephalitis, eastern equine encephalitis, western equine
encephalitis]) 

• Water safety threats (e.g., Vibrio cholerae, Cryptosporidium parvum) 

Category C Diseases/Agents. Emerging pathogens that could be
engineered for mass dissemination in the future, such as Nipah virus,
hantavirus, and tuberculosis.

Source: U.S. Centers for Disease Control and Prevention; www.bt.cdc.gov/Agent/
Agentlist.asp.

Catalog of Dangerous Biological Agents

http://www.usamriid.army.mil
http://www.usamriid.army.mil
http://www.bt.cdc.gov/Agent/Agentlist.asp
http://www.bt.cdc.gov/Agent/Agentlist.asp
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detected in the letters mailed to other parts
of the country (unpublished).

In addition to being used in the Con-
necticut episode, the system was part of a
comprehensive identification platform at
USAMRIID facilities to identify the
anthrax contained in letters posted to the
U.S. Senate in the fall of 2001. 

But even before the bioterrorism data-
base was developed, the Sherlock system
was able to help identify BWAs. At Johns
Hopkins Hospital in May 2001, B. mallei,
a BWA, was isolated and misidentified as
a Pseudomonas species using a conventional
biochemical identification system. The
same organism was correctly placed in the
genus Burkholderia using the Sherlock
system (2). The presumptive identifica-
tion as the genus Burkholderia led clini-
cians to ultimately identify the agent and
give the proper antibiotics to the patient.
A later comparison of the Hopkins data
to the current bioterrorism libraries
revealed B. mallei as the primary choice. 

More recently, working in concert with
Agilent Technologies (www.agilent.com),
whose gas chromatographs are part of the

hardware platform of the Sherlock system,
and the U.S. Army Edgewood Chemical
Biological Center, the Sherlock system has
been packaged into an Agilent mobile labo-
ratory platform specific to biological and
chemical warfare identification. This unit
provides the necessary analytical laborato-
ry facilities in conjunction with Biosafety
Level 3 (BSL-3) containment. (BSL-3 refers
to the containment level in which work is
done with indigenous or exotic agents with

A recent expansion of the MIDI product line
includes the Sherlock Mycobacteria Identifi-
cation System, which is used to identify
Mycobacteria species, including Mycobac-
terium tuberculosis (TB). Instead of conven-
tional fatty acids, mycobacteria produce long-
chain mycolic acids. The mycobacteria are
treated in a similar culturing protocol to the
GC system, with subsequent extraction and
the addition of a fluorescent derivative. The
fluorescently labeled mycolic acids are then
analyzed using HPLC, and the samples are
identified in an analogous fashion to the GC
system. This system was recently U.S. FDA
510(k) cleared and is being used by public
health and reference laboratories, as well
as major hospitals.

The link with bioterrorism may not be
apparent, but multidrug-resistant TB (MDR-
TB) has been placed on the CDC’s Category
C list of potential bioterrorism agents.This is
because MDR-TB has many of the same
manifestations as other bioterrorism agents:
It is highly transmissible, has a 20–80%
mortality rate, and has no proven treatment.
In the United States, there were 142 new
cases of MDR-TB in 28 states in 2001 (3).

TB and Bioterrorism 

The CDC has shown
increasing interest in
the Sherlock Microbial
Identification System
for bioterrorism
identification.

http://www.agilent.com
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a potential for respiratory transmission and
which may cause serious and potentially
lethal infection.) The first mobile plat-
form of this kind was constructed in 2001
and was donated to the New York City
Police Department. It has been deployed
for detection purposes in recent instances
of suspected anthrax contamination. 

The platform comprises a complete
analytical laboratory within a mobile
containment environment that can be

deployed directly to the site of an inci-
dent or attack. Parked near a hospital, it
enables sample collection and analysis to
be performed without affecting normal
hospital routine or requiring the institu-
tion of expensive and complex biohazard
containment. It can also be used as a confir-
mation laboratory for any group interest-
ed in identifying these agents but which
does not have the necessary BSL-3 contain-
ment capability.

Future Directions
The low cost per analysis (approximately
$2.50 for consumables) of the Sherlock
system, a high-throughput regime that
enables 1 technician to process up to 100
samples in an 8-hour day, comprehensive
databases, and strain-tracking features have
made fatty acid analysis a competitive strat-
egy for rapidly identifying pathogenic and
nonpathogenic organisms alike. MIDI has
partnered with several key organizations
focused on bioterrorism, biowarfare, and/or
public health to build the next-genera-
tion bioterrorism databases and to make
the procedure more sensitive and rapid.

The CDC has shown increasing inter-
est in the Sherlock Microbial Identifica-
tion System for bioterrorism identification
and has recently acquired a system in its
Bioterrorism Preparedness and Response
Program (BPRP). 

The method is one of the CDC’s stan-
dard methods for identifying aerobic
bacteria (National Institute for Occupa-
tional Safety and Health method no.
0801), and the application of this tech-
nology to the identification of bacterial
bioterrorism agents, which are all aerobic
bacteria, represents a logical extension of
this approach. Currently, approximately
one-quarter of the state departments of
health in the United States use the Sher-
lock system. 

In addition, a collection of large city
and county public health laboratories, as
well as major hospitals, possesses this tech-
nology. Equipped in this way and linked
in a monitoring network, appropriate
agencies may be able to significantly short-
en the response time to detect and confirm
a biohazard. 
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