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Detection of respiratory pathogens by real-time PCR
in children with clinical suspicion of pertussis
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Abstract The use of a multiplex respiratory real-time PCR
in patients clinically suspected of pertussis increases the
number of pathogens detected.
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Abbreviations
PCR polymerase chain reaction
NPAs nasopharyngeal aspirates
PPV positive predictive value
NPV negative predictive value

Bordetella pertussis is a major etiological agent of pertussis
(whooping cough). The disease can be atypical and

pertussis-like coughing can be caused by other respiratory
pathogens [4]. The diagnosis of pertussis is usually
suspected clinically, but only proven by specific polymer-
ase chain reaction (PCR) or culture.

PCR methods are more sensitive for B. pertussis
identification and other respiratory pathogens. Multiplex
real-time PCR could be applied as broad-range respiratory
PCR.

All patients in whom a diagnostic test for B. pertussis
was requested from April 2001 to February 2002 were
included. The records of the patients were analyzed
retrospectively and the patients were assigned to two
groups as described in Table 1 [6].

Nasopharyngeal swabs (15 samples), throat swabs (39
samples), sputum (three samples) and nasopharyngeal
aspirates (NPAs) (five samples) were received. The PCR
assay was performed by a single extraction. The extracted
nucleic acid was thereafter added to a four-tube multiplex
RNA real-time PCR for 11 RNA respiratory viruses [4] and
a four-tube DNA real-time PCR [4, 5]. All PCR products
were detected by specific fluorophore-labelled probes that
can be distinguished without post-PCR analysis.

Sixty-two patients were seen in the study period from
which a diagnostic test for B. pertussis was requested.
Sufficient clinical information could be obtained on 59/62
(95%) patients and assigned Group I or Group II. The
clinical information for 59 patients is shown in Table 2, the
symptoms of paroxysmal cough and whoops were signif-
icantly associated with Group I.

Analysis of the samples by real-time PCR showed that
B. pertussis was detected in 17 of the 38 patients in Group I
and none of the patients in Group II (P<0.005). Using the
WHO definition for suspected pertussis used in surveillance
as the ’gold standard’ for B. pertussis, the PCR has a
sensitivity, specificity, positive predictive value (PPV) and
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negative predictive value (NPV) of 45, 100, 100 and 48%,
respectively. Other pathogens were detected in group I as
shown in Table 3. Some respiratory viruses were detected
in Group II. All other respiratory pathogens had sensitivity
and specificity lower than B. pertussis. Pathogens were
detected by PCR in 31 out of 38 (82%) cases and 10 out of
21 (48%) cases in Group I and Group II, respectively. This
difference was significant (p=0.01).

Detection of B. pertussis by PCR was indicated on the
basis of clinical presentation and PPV of 100% was
obtained. However, 21 out of 38 cases that met the clinical
definition of pertussis were negative for B. pertussis.
Therefore, either the B. pertussis PCR gave false-negative
results or the definition gave a false-positive result.
Different sample types have different sensitivities, with
NPAs being the most sensitive. PCR can also give false-
negative results and fewer diagnoses in those patients with
pertussis could be due to the quality of the sample.

Other pathogens were detected in 31 out of 38 patients
with clinical diagnosis of pertussis. Other pathogens that
cause a pertussis-like disease have previously been de-
scribed using serological assays and Cherry et al. describe
that pertussis can be misdiagnosed, as there are a number of
viral and bacterial pathogens other than B. pertussis that
can cause a paroxysmal cough [1, 2]. It has been well
described that PCR is more sensitive than culture at
detecting B. pertussis in the acute phase [3]. The use of
PCR for diagnosis would help improve microbiological
diagnosis, improve the speed of results, and reduce the need
for the reliance on imperfect clinical criteria for diagnosis.
This would prompt more appropriate treatment of B.
pertussis and other atypical bacteria, differentiating them

Table 2 Clinical characteristics of patients in study group

Pertussisa Non-
pertussisb

Whole
group

Pc

(n=38) (n=21) (n=59)
Group I Group II (%)

Male 16 9 27 NS
Age
<1 18 (13) 10 (3) 28 NS
1–12 16 8 26 NS
>12 4 3 8 NS
Pertussis vaccination 25 18 42 0.018
Immunocompromised 3 2 5 NS
Stage of diseased

Catarrhal 17 9 26 NS
Paroxysmal 12 5 17 NS
Convalescent 3 4 7 NS
Clinical detailsd

Cough 32 18 50 NS
Paroxysmal 26 8 34 <0.005
Whoop 5 0 5 0.045
Vomiting 16 9 25 NS
Fever 5 5 11 0.014
GP 16 12 28 NS
Out-patient clinic 8 4 12 NS
Hospital admission 14 8 22 NS

a Patients that meet the clinical definition for suspected pertussis
b Patients that did not meet the clinical definition for suspected
pertussis
c Statistical differences between Group I and Group II
d Incomplete clinical details for six cases in the pertussis group and
three cases in the non-pertussis group
Numbers in parentheses indicate no pertussis vaccination
No clinical information was available for three cases and these were
not assigned to either group

Table 1 Two groups of rettrospectively analyzed patients.

WHO recommended case definition

Clinical case definition
A case diagnosed as pertussis by a physician or
A person with a cough lasting at least 2 weeks with at least one of the
following symptoms:
Paroxysms (i.e., fits) of coughing
Inspiratory whooping
Post-tussive vomiting (i.e., vomiting immediately after coughing)
without other apparent cause
Criteria for laboratory confirmation
Isolation of Bordetella pertussis or
Detection of genomic sequences by means of the PCR
Case classification:
Suspected: A case that meets the clinical case definition.
Confirmed: A person with a cough that is laboratory-confirmed or
epidemiologically linked to a laboratory confirmed case.
Group I - Case that meets the definition for suspected pertussis
Group II - Case that does not meet the definition for suspected
pertussis.

Table 3 Pertussis-related symptoms in relation to pathogen detected

Pathogens Group Ia

(n=38)
Group IIb

(n=21)
Pc

Bordetella Pertussis 17 0 <0.005
Other atypical bacteriad 2 0 NS
Human rhinoviruses 16 4 NS
Respiratory syncytial virus 1 5 0.02
Parainfluenza viruses 2 3 NS
Adenovirus 6 1 NS
Human coronavirus –229E 1 0 NS
Human metapneumovirus 0 1 NS
Mixed infections 14 4 NS
No infection 7 11 0.01

a Patients that meet the clinical definition for suspected pertussis
b Patients that did not meet the clinical definition for suspected
pertussis
c Statistical differences between Group I and Group II
dMycoplasma pneumoniae (1) and Chlamydophila pneumoniae (1)
No influenza A&B virus, human coronavirus OC43, B. parapertussis
or B. holmesii were detected
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from viral infections as well as use of vaccination to pre-
vent spread of pertussis.

In conclusion, multiplex PCR in a combined approach
identifies B. pertussis and other pathogens causing pertus-
sis-like symptoms and use of this form of diagnosis might
help in treatment and improve management of patients.

References

1. Cherry JD, Grimprel E, Guiso N, Heininger U, Mertsola J
(2005) Defining pertussis epidemiology: clinical, microbiologic
and serologic perspectives. Pediatr Infect Dis J 24(suppl):S25–
S34

2. Jackson LA, Cherry JD, Wang SP, Grayston JT (2000) Frequency
of serological evidence of Bordetella infections and mixed

infections with other respiratory pathogens in university students
with cough illnesses. Clin Infect Dis 31:3–6

3. Loeffelholz MJ, Thompson CJ, Long KS, Gilchrist MJ (1999)
Comparison of PCR, culture, and direct fluorescent-antibody
testing for detection of Bordetella pertussis. J Clin Microbiol
37:2872–2876

4. Templeton KE, Scheltinga SA, van den Eden WCJFM, Graffelman
AW, van den Broek PJ, Claas EC (2005) Improved diagnosis of
etiology of community-acquired pneumonia using real-time PCR.
Clin Infect Dis 41:345–351

5. Templeton KE, Scheltinga SA, van der Zee, Diederen BM, van
Kuijssen AM, Goossens H, Kuijper EJ, Claas EC (2003) Evaluation
of real-time PCR for detection of and discrimination between
Bordetella pertussis, Bordetella parapertussis, and Bordetella hol-
mesii for clinical diagnosis. J Clin Microbiol 41:4121–4126

6. World Health Organisation (2005) Vaccines and biologicals.
WHO-recommended standards for surveillance of selected vac-
cine-preventable diseases. WHO/V&B/03.01 (http://www.who.int/
vaccines-documents/DocsPDF03/www742.pdf)

Eur J Pediatr (2007) 166:1189–1191 1191

http://www.who.int/vaccines-documents/DocsPDF03/www742.pdf
http://www.who.int/vaccines-documents/DocsPDF03/www742.pdf

	Detection of respiratory pathogens by real-time PCR in children with clinical suspicion of pertussis
	Abstract
	References




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /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

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for journal articles and eBooks for online presentation. Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


