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Comparison of SpectraCell RA Typing and Multilocus Sequence
Typing for Extended-Spectrum-�-Lactamase-Producing Escherichia coli

I. T. M. A. Overdevest,a,c M. Heck,b K. van der Zwaluw,b I. Willemsen,c J. van de Ven,c C. Verhulst,c and J. A. J. W. Kluytmansa,c,d

Department of Medical Microbiology and Immunology, St. Elisabeth Hospital, Tilburg, The Netherlandsa; National Institute of Public Health and Environmental Protection,
RIVM, Bilthoven, The Netherlandsb; Department of Medical Microbiology and Infection Control, Amphia Hospital, Breda, The Netherlandsc; and Department of Medical
Microbiology and Infection Control, VUmc University Medical Centre Amsterdam, Amsterdam, The Netherlandsd

Multilocus sequence typing (MLST) is one of the most reliable methods for typing of Escherichia coli, including extended-spec-
trum-�-lactamase-producing E. coli (ESBL-EC). We investigated the performance of a new typing method, SpectraCell RA
(River Diagnostics, Madison, WI), in comparison on MLST on a well-defined collection of ESBL-EC isolates obtained from
chicken meat and humans. Ninety-two ESBL-EC isolates obtained from meat and 59 ESBL-EC isolates obtained from human
rectal swabs and clinical blood cultures were typed using MLST and SpectraCell RA. The sensitivity and specificity of SpectraCell
RA were calculated, using MLST as a reference method. Subsequently, the results of SpectraCell RA were used to determine the
relatedness of ESBL-EC isolates from chicken and humans. Using MLST as the gold standard, the performance of SpectraCell RA
was evaluated for 3 different cutoff values: 0.99975, 0.99955, and 0.99935. Depending on the cutoff value, the sensitivity was me-
diocre to unacceptably low, with values of 9.4%, 43.9%, and 66.7%, respectively. When sensitivity increased, the specificity de-
creased rapidly, from 95.6% to 69.8% and 34.4%, respectively. Also, the number of clusters containing both human and meat
samples varied from 0 (0.0%) to 14 (38.9%). Our study shows that SpectraCell RA is not a suitable typing method for ESBL-EC
when evaluating relationships of ESBL-EC at the population level.

The prevalence of multidrug-resistant microorganisms (1, 2) is
increasing. Reliable typing methods are needed to discover the

sources and transmission routes for emerging pathogens, espe-
cially for tracing transmission in the hospital setting. Many typing
methods are currently available. They are based on different prin-
ciples, with the main division being between phenotypic and ge-
notypic testing. It is possible for there to be little correlation be-
tween the results of genotypic and phenotypic typing or between
the results of different phenotypic typing methods themselves (3).
Furthermore, the resolution is an important differentiating factor
between the typing methods. The choice of a specific typing
method depends on the research question that has to be answered.
For example, when a possible outbreak in the hospital is investi-
gated, a fast typing method with a high resolution is needed. On
the other hand, when the question regards the linkage of strains in
the population, a typing method with a lower resolution based on
more conservative targets is more appropriate.

Multilocus sequence typing (MLST) is a well-known typing
method for Escherichia coli. It is a sequence-based typing system
that targets housekeeping genes and is suitable for typing with a
perspective on population epidemiology (8). In a recent study,
MLST was used to type extended-spectrum-beta-lactamase
(ESBL)-producing Escherichia coli (ESBL-EC) isolated from
chicken meat and humans (4). This study identified chicken meat
as a plausible source of ESBL-EC in humans.

Although MLST is a very reliable method, it is also relatively
expensive and time-consuming and requires a high level of tech-
nical skill. A new phenotypic typing method based on Raman
spectroscopy, the SpectraCell RA method (River Diagnostics,
Madison, WI), is now commercially available. This method is easy
to use and delivers relatively fast results.

The objective of this study was to evaluate the performance of
SpectraCell RA in comparison with MLST on a well-defined col-

lection of ESBL-EC isolates obtained from chicken meat and hu-
mans (4).

MATERIALS AND METHODS
Strain collection. The ESBL-EC isolates were part of a collection of ESBL-
producing Enterobacteriaceae isolated from both meat and humans. The
methods for detection and confirmation of the presence of ESBL-EC in
the samples and for typing of the samples were previously described (4).
Briefly, all samples were collected between January 2008 and December 2009
and were cultured using selective medium. The presence of ESBL-EC was
both phenotypically and genotypically confirmed, and all ESBL-EC isolates
were typed using MLST as described by Wirth et al. (8).

SpectraCell RA typing. All ESBL-EC isolates from meat, rectal swabs,
and blood cultures were typed using SpectraCell RA. This typing method
uses Raman spectroscopy to detect and type bacteria. The spectrometer
uses a source of light with a known frequency. When the light falls through
bacteria, the various proteins in the bacteria alter the frequency. Also, the
amount of every protein alters the frequency in a different way. All alter-
ations are detected and translated in a pattern. The resemblance of these
patterns indicates the relatedness of two distinctive bacteria.

The procedure was done according to the manufacturer’s instructions
and took 3 days. On day one, a tryptic soy agar (TSA) was inoculated and
incubated for 18 to 24 h at 35°C. On day two, the grown isolates were
suspended in 20 �l of sterilized water. Subsequently, 20 �l of the suspen-
sion was inoculated on a new TSA agar and spread over an area of 2 by 4
cm. After a 10-min drying period, the agar was incubated during 20 h by
35°C. On the last day, a 1-�l sterile loop filled with colonies was suspended
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in 10 �l of demineralized water. After 3 min of centrifuging at high speed,
3 �l of supernatant was removed and the solution was resuspended. Then,
3 �l of the suspension was inoculated on one well of the SpectraCell RA
cartridge. After a drying period of 15 to 30 min, the cartridge was entered
in the SpectraCell RA machine, and the software produced a spanning tree
of the different isolates.

Thirteen randomly chosen isolates were tested twice to assess repro-
ducibility. Retrospectively, these isolates were unique regarding the Spec-
traCell RA typing results, and using MLST, there were 2 clusters of 2
isolates. The information obtained from testing the isolates twice was used
by the software to generate a cutoff value (Fig. 1). The software generates
an optimum range for the cutoff value. In this range, the chances of indi-
cating two unique isolates to be identical are minimal, as are the chances of
indicating two identical isolates to be unique. For our collection, the soft-
ware calculated an optimum cutoff range of 0.99955 up to 0.99975.

Statistical analysis. We compared the results of MLST and Spectra-
Cell RA, with MLST as the gold standard. If SpectraCell RA was in agree-
ment with the gold standard and considered an isolate to be part of a
cluster that was also found using MLST, or MLST found the isolates to be
closely related, the result was scored as true positive. If SpectraCell RA and
MLST both considered an isolate to be unique, the result was scored as
true negative. If the gold standard considered an isolate to be part of a
cluster and SpectraCell RA did not, the result was considered false nega-

tive. On the contrary, if SpectraCell RA considered an isolate to be part of
a cluster and MLST did not, or SpectraCell RA clustered isolates of differ-
ent, not related, MLST clusters together, the result was considered false
positive. Sensitivity was calculated by dividing the number of true posi-
tives by the sum of true positives and false negatives. Specificity was cal-
culated by dividing the number of true negatives by the sum of true neg-
atives and false positives. This was done for several cutoff values.

Second, we used SpectraCell RA to evaluate the relatedness between
ESBL-EC isolates in humans and in meat. This was done for several cutoff
values.

RESULTS

In total, 151 ESBL-EC isolates were available for testing; 92 origi-
nated from meat samples, and 59 were human. Of the meat sam-
ples, the majority, 84 isolates, originated with chicken meat; 8
isolates originated with beef, pork, or other meat types. Of the
human samples, 43 came from rectal swabs and 16 came from
blood cultures.

Using MLST, 74 sequence types were found, of which 28 con-
tained more than one isolate. Using SpectraCell RA, the number
of clusters differed depending on the cutoff value. We chose 3
different cutoff values. The highest cutoff value, 0.99975, was
the maximum cutoff value for this collection, calculated by the
SpectraCell RA software. Above this value, duplicate test results
from one isolate would be indicated as being not identical. The
middle cutoff value, 0.99955, was the minimal cutoff value calcu-
lated by the software for this collection. Below this value, unique
isolates may be considered identical. To evaluate the effect on
sensitivity and specificity, we also chose a cutoff value below the
ones recommended by the software: 0.99935. Table 1 shows the
effects of the different cutoff values. At the cutoff value of 0.99975,
the sensitivity was very low, with a value of 9.4%, but the specific-
ity was good, with a value of 95.6%. At the cutoff value of 0.99955,
both sensitivity and specificity were poor, with values of 43.9%
and 69.8%, respectively. When we chose a cutoff value of 0.99935,
the sensitivity rose to 66.7% and the specificity dropped to 34.4%.
Figure 2 illustrates the MLST branched tree, with the SpectraCell
RA clusters in colors for the different cutoff values. It shows that
some isolates in SpectraCell RA clusters are far from related when
using MLST and that many isolates in MLST clusters were not
detected with SpectraCell RA.

Of the 74 MLST types, 10 clusters contained isolates from both
human and meat samples. When using SpectraCell RA, the num-
ber of clusters containing isolates from both human and meat
samples depended on the cutoff used, as shown in Table 1. When
a cutoff value of 0.99975 was used, none of the 6 clusters contained
both human and meat isolates. At a cutoff of 0.99955, 5 out of 26
clusters (19.2%) contained isolates of both human and meat ori-
gin; and at a cutoff 0.99935, 14 out of 36 clusters (38.9%) con-
tained isolates of both origins.

FIG 1 Graphic of performance at different cutoff values, generated by Spec-
traCell RA software. The red graphic shows the chance that at a specific simi-
larity rate, duplicate test results of one isolate are indicated as not identical. The
blue graphic shows the chance that at a specific similarity rate, two unique
isolates are indicated to be identical.

TABLE 1 Results of SpectraCell RA

Cutoff value,
SpectraCell RA

No. of
clusters

No. (%) of clusters
with both human
and meat isolates

No. of results evaluated as:

% sensitivity % specificity
True
positive

True
negative

False
positive

False
negative

0.99975 6 0 (0.0) 10 43 2 96 9.4 95.6
0.99955 26 5 (19.2) 43 37 16 55 43.9 69.8
0.99935 36 14 (38.9) 58 22 42 29 66.7 34.4
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DISCUSSION

Our study evaluates the performance of SpectraCell RA for typing
with a perspective on population epidemiology. The study was
performed using a well-defined collection of ESBL-EC obtained
from meat, human rectal swabs, and clinical blood cultures (4).
Using MLST as a gold standard, the performance of SpectraCell
RA was evaluated for 3 different cutoff values: 0.99975, 0.99955,
and 0.99935. Depending on the cutoff value, the sensitivity was
mediocre to unacceptably low, with values of 9.4%, 43.9% and
66.7%, respectively. The specificities were 95.6%, 69.8%, and
34.4%, respectively. MLST is a well-established typing method for
this kind of purpose. Since the results of SpectraCell RA are poorly
comparable with the results of MLST, we cannot validate Spectra-
Cell RA for typing with the purpose of population epidemiology.
Furthermore, our results highlight the danger in using phenotypic
data to infer genetic relationships for outbreak analysis. After all,
the low specificity shows that not only is the resolution different
but also the results themselves are not comparable.

The performance of SpectraCell RA was previously studied for
Gram-positive cocci (6, 7), showing a high reproducibility of the
SpectraCell RA results in comparison with pulsed-field gel elec-
trophoresis (PFGE). The performance of SpectraCell RA for typ-
ing of the Enterobacteriaceae has only recently been evaluated (5).
In this study, SpectraCell RA was compared with several other
typing methods, including PFGE. Three collections of ESBL-pro-
ducing E. coli and Klebsiella pneumoniae isolates from clinical out-
breaks were used. This study showed that the results of SpectraCell
RA were in concordance with those of PFGE, and the authors
concluded that SpectraCell RA is suitable for typing on a larger
scale. We presume that the contradiction between this study and
ours is caused by the difference in the reference method and the
difference in the isolates used. Both PFGE and SpectraCell RA
have a high resolution and are therefore perfect for discovering
direct transmission. MLST, with its low resolution, is perfect for
discovering relationships at the population level. The isolates of
our collection do not have a direct relationship, and therefore a
typing method with a low resolution is the proper method to use.

In conclusion, our study shows that SpectraCell RA is not
suitable for typing of ESBL-EC with an objective of population
epidemiology.
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