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The Nose Knows Not: Poor
Predictive Value of Stool
Sample Odor for Detection of
Clostridium difficile

To THE EpItorR—Clostridium difficile infec-
tion (CDI) is a nosocomial infection that
poses a challenge to infection control pro-
cedures, often from delays in testing [1].
A nurse-driven protocol may result in
earlier identification and isolation of in-
fected patients, leading to decreased
transmission. It is a common “urban
legend” among nursing staff that they
can identify patients with CDI by the
odor of their stool alone. Based on
studies that used gas chromatography,
this is biologically plausible—in 2004,
Probert et al demonstrated the presence
of unique volatile organic compounds
(VOGCs) in stool from patients with
CDI [2]. Similarly, Garner et al demon-
strated in 2007 that derived discriminant
scores from VOC data had 100% predic-
tive accuracy in distinguishing stool

from patients who were asymptomatic,
had ulcerative colitis, had Campylobacter
jejuni infection, or had CDI [3].

In 2002, Johansen et al found that
nurses on the wards were 84% sensitive
and 77% specific in diagnosing CDI by
stool odor [4]. Similarly, in 2007 Bur-
dette et al found that nurses were 55%
sensitive and 83% specific in diagnosing
CDI [5]. A limitation of both studies, as
pointed out in an accompanying com-
mentary [6], is that the nurses were not
blinded to any patient characteristics.
Thus, one could not conclude that stool
odor was the sole factor informing their
that
nurses can detect the presence of C. dif-

assessments. We hypothesized
ficile in stool by odor alone in a con-
trolled, laboratory setting.

Nurses were recruited from inpatient
wards at our hospital. Our microbiology
laboratory randomly set aside 5 positive
and 5 negative stool samples based on
results from 2-step testing (glutamate
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dehydrogenase/toxin enzyme immuno-
assay followed by polymerase chain reac-
tion for discordant results) for C.
difficile toxin (CDTOX) from patients
with liquid stool. We asked nurses about
their work experience and whether they
believed they could detect C. difficile by
odor. They were instructed to sniff each
sample and record whether CDTOX
positive stool was present. Fisher exact
and Mann-Whitney tests were used to
assess statistical significance.

Eighteen nurses participated. Experi-
ence ranged from 1 to 30 years (8 with
>10 years of experience). Eleven felt
confident in their sniffing ability (61%).
The median percentage correct was 45%
(range, 40%-80%). CDTOX-positive
samples elicited a lower percentage of
correct answers than CDTOX-negative
samples (Figure 1A; median, 31% vs
74%; P=.0119). No single individual
performed better than chance (mean
sensitivity/specificity = 0.26/0.69). Those

Figure 1.

The percentage of correct responses, based on smell, regarding the presence of toxigenic Clostridium difficile in stool depending on sample

type (A), confidence level (B), and experience (C); lines are at the median and interquartile range. Abbreviation: CDI, Clostridium difficile infection.
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with confidence in sniffing did not
perform better than others (Figure 1B;
median, 40% vs 50%; P=.2471) and
more experienced nurses were no differ-
ent from less experienced
(Figure 1C; both 45%; P = .8887).

In this controlled laboratory setting,

nurses

our nurses were unable to identify stool
samples with C. difficile by odor, but
CDTOX-negative samples elicited more
correct answers than CDTOX-positive
samples. More experience with nursing
and confidence in sniffing ability did not
improve performance. It is likely that our
findings differ from prior studies owing
to their inadequate blinding of nurses to
patient and stool characteristics.

Notes

Acknowledgments. We thank the nursing
staff from the University Hospital for their par-
ticipation in this study. Parts of this work were
presented at IDWeek 2012 on 18 October 2012
in San Diego, CA (poster number 326).

Financial support. This work was support-
ed by the Department of Internal Medicine,
University of Michigan Health Systems.

Potential conflicts of interest. All authors:
No reported conflicts.

All authors have submitted the ICMJE Form
for Disclosure of Potential Conflicts of Interest.
Conflicts that the editors consider relevant to
the content of the manuscript have been
disclosed.

Krishna Rao,"? Daniel Berland,"?
Carol Young,** Seth T. Walk,"*% and
Duane W. Newton*®

"Department of Internal Medicine, 2Division of
Infectious Diseases, *Division of General Medicine,
“Clinical Microbiology Laboratories, and
®Department of Pathology, University of

Michigan Health System, Ann Arbor; and
®Department of Microbiology, Montana

State University, Bozeman

References

1. Cohen SH, Gerding DN, Johnson S, et al
Clinical practice guidelines for Clostridium
difficile infection in adults: 2010 update by
the Society for Healthcare Epidemiology of
America (SHEA) and the Infectious Diseases
Society of America (IDSA). Infect Control
Hosp Epidemiol 2010; 31:431-55.

2. Probert CS, Jones PR, Ratcliffe NM. A novel
method for rapidly diagnosing the causes of
diarrhoea. Gut 2004; 53:58-61.

3. Garner CE, Smith S, de Lacy Costello B, et al.
Volatile organic compounds from feces and
their potential for diagnosis of gastrointesti-
nal disease. FASEB J 2007; 21:1675-88.

4. Johansen A, Vasishta S, Edison P, Hosein I.
Clostridium difficile associated diarrhoea: how
good are nurses at identifying the disease? Age
Ageing 2002; 31:487-8.

5. Burdette SD, Bernstein JM. Does the nose
know? The odiferous diagnosis of Clostridi-
um difficile-associated diarrhea. Clin Infect
Dis 2007; 44:1142.

6. Wilcox MH. Diagnosis of Clostridium difficile-
associated diarrhea and odor. Clin Infect Dis
2007; 45:1110.

Correspondence: Krishna Rao, MD, Dept of Internal Medi-
cine, Division of Infectious Diseases, 3120 Taubman Center,
1500 E Medical Center Dr, SPC 5378, Ann Arbor, Ml 48109-
5378 (krirao@med.umich.edu).

Clinical Infectious Diseases 2013;56(4):615—-6

© The Author 2012. Published by Oxford University Press
on behalf of the Infectious Diseases Society of America.
All rights reserved. For Permissions, please e-mail: journals.
permissions@oup.com.

DOI: 10.1093/cid/cis974

616 o CID 2013:56 (15 February) ¢ CORRESPONDENCE


mailto:krirao@med.umich.edu
mailto:journals.permissions@oup.com
mailto:journals.permissions@oup.com


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile ()
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.5
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings false
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Preserve
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
    /Courier
    /Courier-Bold
    /Courier-BoldOblique
    /Courier-Oblique
    /Helvetica
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Oblique
    /Symbol
    /Times-Bold
    /Times-BoldItalic
    /Times-Italic
    /Times-Roman
    /ZapfDingbats
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 175
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50286
  /EncodeColorImages true
  /ColorImageFilter /JPXEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG2000
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 20
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 175
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50286
  /EncodeGrayImages true
  /GrayImageFilter /JPXEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG2000
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 20
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages true
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 300
  /MonoImageDepth 4
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /ENU ()
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice




