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Two outbreaks of respiratory tract illness associated with prolonged cough occurring in 1998 and 1999 in
New York State were investigated. A PCR test for Bordetella pertussis was primarily used by a private laboratory
to confirm 680 pertussis cases. Several clinical specimens had positive culture results for B. pertussis during
both outbreaks, which confirmed that B. pertussis was circulating during the outbreaks. However, testing by the
New York State Department of Health reference laboratory suggested that some of the PCR results may have
been falsely positive. In addition, features of the outbreak that suggested that B. pertussis may not have been
the primary agent of infection included a low attack rate among incompletely vaccinated children and a
significant amount of illness among patients testing PCR negative for B. pertussis. These investigations
highlight the importance of appropriate clinical laboratory quality assurance programs, of the limitations of
the PCR test, and of interpreting laboratory results in context of clinical disease.

Pertussis, also known as whooping cough, is a highly conta-
gious disease caused by the bacterium Bordetella pertussis. Fol-
lowing the introduction of diphtheria and tetanus toxoids and
whole-cell pertussis vaccine (DTP) in 1946, the incidence of
pertussis in the United States declined, reaching a nadir in
1976 (1, 5). However, periodic epidemics of pertussis continue
to occur at 3- to 5-year intervals, and pertussis remains en-
demic to the United States (1, 3, 12). Since 1976 the number of
pertussis cases reported annually has increased fivefold to
�7,000 in 1998 to 2000, with an increasing number of cases
reported among adolescents and adults (12, 38). Evidence also
suggests that pertussis cases may be grossly underreported
(33). Because pertussis is thought to be a somewhat uncom-
mon disease in the United States and the clinical presentation
resembles that for other illnesses associated with prolonged
cough (8, 32, 37), it is often not considered in the differential
diagnosis by health care providers (7, 31).

Confirming the diagnosis of pertussis in the laboratory is
challenging. Isolation of B. pertussis in culture, the traditional
diagnostic standard for pertussis, has nearly 100% specificity
and is widely used (9, 19, 25). However, because B. pertussis is
fastidious, the sensitivity of culture can vary greatly and is
dependent on the stage of illness at the time of specimen
collection, the technique used for specimen collection, speci-
men adequacy and transport, and culture conditions. Under
ideal conditions, the typical culture positivity rate can be

greater than 50%; however, the rate is usually lower because of
the reasons given above, as well as prior pertussis vaccinations,
concurrent antibiotic therapy, and long elapsed time (e.g.,
more than 3 weeks) since cough onset (13, 19, 24, 30). Seven to
ten days may be required to isolate and confirm B. pertussis,
precluding rapid culture confirmation (17).

Sensitive and specific PCR assays have been developed by
several investigators to amplify and detect B. pertussis DNA
(10, 29, 35, 36). A primary advantage of this diagnostic method
is the rapid turnaround time, which typically amounts to a few
hours (2). However, PCR assays require a validated protocol,
sophisticated technology, training, and rigorous quality assur-
ance (QA). If handled improperly, reagents and assays can
become contaminated with PCR amplicons or cellular DNA,
leading to false-positive test results (34). Furthermore, PCR
assays cannot differentiate between dead and viable organisms
(11, 16). Accordingly, PCR-positive results for B. pertussis
DNA may not indicate infection (14), and the predictive value
of PCR assays for cases of pertussis has not been well estab-
lished (23). No commercial, FDA-approved B. pertussis PCR
assays are available, nor have any assays been standardized or
validated among laboratories (26). Nevertheless, the exquisite
sensitivity of PCR-based assays over culture for fastidious or-
ganisms often makes them the technique of choice for many
laboratories. In New York State (NYS), laboratories are per-
mitted to perform these assays if documented validation stud-
ies and protocols have been approved by the NYS Department
of Health/Wadsworth Center (NYSDOH/WC).

In 1997, the Council of State and Territorial Epidemiologists
(CSTE) and the Centers for Disease Control and Prevention
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(CDC) began accepting positive PCR results for public health
surveillance and as part of the criteria for confirmed pertussis
cases (6). In 1999, 13% of the 7,298 reported pertussis cases in
the United States were confirmed using PCR (38).

This report describes investigations of two outbreaks of
cough illness that occurred in NYS during 1998 and 1999; both
were thought to be primarily due to B. pertussis based on PCR
test results. Hundreds of PCR-positive individuals were treated
with antibiotic or placed on antibiotic prophylaxis, and some
PCR-positive health care workers were furloughed to protect
patients from exposure to pertussis. Our investigation of these
outbreaks suggests that there was likely overdiagnosis of per-
tussis, illustrates the danger in overreliance on PCR, and em-
phasizes the need for better methods and standards for per-
tussis diagnosis.

MATERIALS AND METHODS

Outbreak investigation. The outbreaks of pertussis occurred in three small,
largely rural contiguous NYS counties. The first outbreak occurred between
September 1998 and April 1999 and the second between July and November
1999.

For clinical case ascertainment, we used the CSTE and CDC clinical case
definition for pertussis, which requires at least 14 days of cough with either
paroxysms, whoop, or post-tussive vomiting, without other apparent cause (4, 6).
During outbreaks, 14 days of cough alone are sufficient to meet the clinical case
definition. Confirmed cases are defined as either (i) culture-positive with any
cough duration, (ii) a clinical case with a positive PCR result for B. pertussis
DNA, or (iii) a clinical case epidemiologically linked to a confirmed case. Lab-
oratory confirmation of pertussis during both outbreaks was performed using a
PCR assay which targets a repetitive DNA element from the genome of B.
pertussis, developed in-house by a private laboratory. Public health officials con-
tacted individuals who tested positive by the PCR to collect clinical and epide-
miologic data.

Sample processing, culture, and PCR amplification at NYSDOH/WC labora-
tories. Specimens were received as a swab stabbed into Regan-Lowe transport
medium. The swab was removed, streaked onto Regan-Lowe plates with and
without cephalexin for culture, and then placed in 1 ml of phosphate-buffered
saline (pH 7.6), briefly mixed in a vortex apparatus, and removed. This 1-ml
suspension was subsequently processed for PCR by centrifugation, followed by
lysing of the bacterial pellet with 200 �l of lysis buffer (10 mM Tris [pH 8.3], 2.5
mM MgCl2, 1% Tween 20, 1% NP-40) at 100°C for 10 min. All sample processing
was performed using designated pipettors and equipment in a working area used
specifically for processing to avoid potential amplicon contamination. Ten mi-
croliters of lysed sample was tested in the NYSDOH PCR.

The primer, chosen from a repetitive sequence IS481, on the forward strand
was BP-F (5�-ATC-TGC-TGC-ACA-TCG-ACA-TC-3�), and the primer on the
reverse strand was BP-R (5�-CGA-TGG-CCA-CGA-AGA-CGA-AGT-C-3�).
The PCR was performed in a total sample volume of 100 �l with a final con-
centration of 1 �M of each primer, 200 �M of each deoxynucleoside triphos-
phate, 10 mM Tris-HCl (pH 8.3), 50 mM KCl, 2 mM MgCl2, and 2.5 U of
AmpliTaq Gold (Perkin-Elmer, Foster City, Calif.), which was used for PCR in
a Perkin-Elmer 9600 thermocycler. Thermocycler conditions consisted of 95°C
for 11 min followed by 43 cycles of 94°C for 30 s, 60°C for 30 s, and 72°C for 30 s.
Amplified products were visualized on an agarose gel.

Parallel testing studies and proficiency testing. The following laboratory stud-
ies were performed to assess the reliability and validity of the PCR test at the
private laboratory.

(i) During outbreak 1, two nasopharyngeal swabs were obtained concurrently
from 33 symptomatic persons. To determine the validity of B. pertussis PCR
results at the private laboratory, one specimen from each person was transported
to both the private laboratory and at ambient temperature in Reagan-Lowe
medium to the NYSDOH/WC pertussis laboratory for PCR testing for B. per-
tussis. NYSDOH/WC utilized a gene target within the same repeat of IS481, yet
located just downstream of the private laboratory’s target, to obtain a similar
level of sensitivity. This choice would also avoid amplification of potential am-
plicon contamination present in samples prepared at the private laboratory.
Samples were partially lysed, and an aliquot of crude DNA was amplified by
PCR.

(ii) During outbreak 2, the NYSDOH/WC Bacteriology Proficiency Testing

Laboratory prepared 10 specimens consisting of culture suspensions or sterile
media, four with viable B. pertussis cells, and six with either viable E. coli or
normal saline, which were tested for B. pertussis in a blind fashion by PCR at both
the private and NYSDOH/WC pertussis laboratories. During outbreak 2, the
private laboratory changed the PCR primers for their B. pertussis testing on
October 17, 1999, and retested the 10 blinded specimens with the new primers.

Day care study. To assess whether transmission of cough illness was consistent
with pertussis vaccination status and exposure during outbreak 1, we investigated
all licensed day care centers known to have two or more children with confirmed
pertussis (positive PCR and a cough duration for �14 days). Data were collected
for all children attending these centers using a standard questionnaire completed
by parents and center employees. Vaccination records available at the day care
center determined vaccination status.

RESULTS

Summary of outbreaks. Between 15 September 1998 and 14
November 1999, 3,769 individuals from outbreaks 1 and 2 had
a PCR assay for B. pertussis DNA (Table 1). Of these, 1,297
(34%) had a positive PCR result; only 607 (47%) persons with
a positive PCR result met the CSTE/CDC pertussis case def-
inition.

During this 13-month time period, there were 431 (outbreak
1) and 249 (outbreak 2) persons with an acute cough illness
that met the confirmed pertussis case definition (Fig. 1). A
similar proportion of patients tested positive by PCR for B.
pertussis DNA in both outbreaks (Table 1). Only 5 (0.8%) of
the 680 cases were confirmed by positive B. pertussis culture
results.

Besides cough, additional clinical symptoms reported by
case patients were similar between the two outbreaks with the
exception of whoop. In outbreaks 1 and 2, respectively, parox-
ysms of cough were reported in 294 (68%) and 167 (67%)
confirmed cases, post-tussive vomiting was reported in 173
(40%) and 67 (27%) cases, and whoop was reported in 210
(49%) and 57 (23%) cases; all three symptoms were experi-
enced by 53 (13%) and 30 (12%) case patients in the two
outbreaks. Thirty-eight case patients (9%) in outbreak 1 and 5
case patients (2%) in outbreak 2 were hospitalized. No deaths
occurred.

Among the 680 confirmed cases, the highest incidence was
among infants (age, �12 months). However, the incidence
among infants was higher in outbreak 2 (953 per 100,000) than
in outbreak 1 (558 per 100,000). In outbreak 1, almost one-half
of the 431 cases (n � 181 [42%]) occurred among children
aged �5 years; 113 cases occurred among children aged 7
months to 4 years. Of those 113 children, 98 (87%) had re-
ceived three or more doses of a pertussis-containing vaccine, 5

TABLE 1. Summary of Pertussis testing and case ascertainment by
outbreak, New York, 15 September 1998 to 14 November 1999

Parameter Outbreak 1,
no. (%)

Outbreak 2,
no. (%)

PCR tested 2,362 1,407
PCR tested positive 746 (32) 551 (39)

Met Clinical Case Definition 400 (54) 207 (38)
Culture tested 38 377
Culture tested positive 2 (5) 3 (1)
Epidemiologically linked 29 39
Total confirmed casesa 431 (18) 249 (18)

a Based on Council of State and Territorial Epidemiologists and the Centers
for Disease Control and Prevention pertussis case definition.
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(4%) had received one or two doses, and 3 (3%) were unvac-
cinated. The vaccination status for seven children was un-
known. For outbreak 2, 20% of the 249 cases occurred among
children aged �5 years and there were 30 cases among chil-
dren aged 7 months to 4 years. For outbreak 2, parent report
of vaccination status was incomplete and could not be ana-
lyzed.

Laboratory results. The PCR assays used by NYSDOH/WC
in this outbreak investigation had an analytical sensitivity of
approximately 30 organisms of B. pertussis (data not shown
[NYSDOH/WC, 2001]). Moreover, the assay was specific for
B. pertussis and Bordetella holmesii and did not react with other
Bordetella spp. or other common respiratory pathogens (data
not shown [NYSDOH/WC, 2001]). At the NYSDOH/WC lab-
oratory, this PCR assay typically produces threefold more pos-
itives than culture methods.

(i) Of the 33 primary respiratory specimens that were tested
by PCR for B. pertussis DNA by both the private laboratory
and NYSDOH/WC during outbreak 1, 20 specimens tested
positive at the private laboratory compared with 8 at NYS-
DOH/WC. Six tested positive at both laboratories (Table 2).

(ii) During outbreak 2, PCR testing of the 10 blinded pro-
ficiency test samples resulted in the private laboratory correctly
classifying 8 samples: all four specimens containing viable B.
pertussis and four of the six samples that did not. The remain-
ing two B. pertussis-negative samples were falsely identified as
positive for B. pertussis. NYSDOH/WC’s PCR test correctly
identified the presence or absence of B. pertussis DNA for all
10 specimens in a blinded evaluation.

Following the change on 17 October 1999 of the PCR prim-
ers (to facilitate the amplification of an entirely new region of
the repetitive element) used at the private laboratory, there
was a decline in the proportion of PCR tests that were positive.
In the two weeks prior to the change of primers, 44% of the
598 specimens PCR tested by the private laboratory were pos-
itive, compared with 10% of the 251 specimens tested in the
two weeks following the change of primers. Moreover, retest-

ing of the blinded proficiency test samples using the new prim-
ers resulted in correct identification of all 10 samples.

Day care study. Seven licensed day care centers, with a total
of 278 children in attendance, which each had two or more
PCR-positive confirmed cases of pertussis among children dur-
ing outbreak 1 were studied. All 278 children were younger
than 5 years. A total of 24 children were PCR-confirmed cases,
for an overall attack rate of 9%. Of these 24 children, 16 (67%)
were fully vaccinated (three doses of diphtheria and tetanus
toxoids and whole-cell pertussis vaccine plus two booster
doses) against pertussis. Notably, 28 undervaccinated children
(6 unvaccinated and 22 partially vaccinated) attending these
centers were exposed to PCR-confirmed cases via shared class-
rooms but did not develop any symptoms. None of the under-
vaccinated children were receiving any chemoprophylaxis at
the time of exposure.

FIG. 1. Cases of cough illness by week of onset (pertussis outbreaks in NYS, September 1998 to November 1999).

TABLE 2. Additional laboratory studies, pertussis outbreaks, New
York, September 15, 1998 to November 14, 1999

Laboratory
study nc

Results of PCR for B. pertussis DNA

Private laboratory NYSDOH/WC

PCRa 33 20 PCR positive 8 PCR positive
13 PCR negative 25 PCR negative

QA testb 10 4 PCR positive for
B. pertussis DNA

4 PCR positive for
B. pertussis DNA

2 nonpertussis
specimens PCR
positive

6 nonpertussis
specimens PCR
negative

4 nonpertussis
PCR negative

a PCR for B. pertussis DNA was performed by the private laboratory and
NYSDOH/WC pertussis laboratory on dual samples from the same patients.

b Specimens were prepared by NYSHD/WC Proficiency Testing Laboratory
(four with B. pertussis) and blind PCR tested by the private laboratory and
NYSDH/WC pertussis laboratory.

c n, no. of samples studied.
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DISCUSSION

The results of epidemiological and laboratory studies of
these two outbreaks of cough illness illustrate the potential
problems and consequences of relying exclusively on a PCR
test to confirm pertussis. We confirmed by culture that pertus-
sis was circulating in the community during these outbreaks.
However, a significant epidemiological feature of one of these
outbreaks was that unvaccinated children exposed to PCR-
confirmed cases in day care centers did not become ill, whereas
fully vaccinated children did. Thus, B. pertussis may not have
been the primary or only cause of these outbreaks. Moreover,
a positive PCR test due to transient colonization with the agent
(15, 18, 20, 21, 22, 27, 28) or a falsely positive test could lead
to misdiagnosis of pertussis in persons with cough illness due to
other etiologies. Indeed, our results suggested that diagnostic
reliance on a PCR assay for B. pertussis DNA together with
probable false-positive test results likely overestimated the role
of pertussis in these outbreaks.

The PCR for B. pertussis DNA was used by a private labo-
ratory to confirm the majority of cases in these two outbreaks
(93% in outbreak 1 and 83% in outbreak 2). When compared
with testing at the state reference laboratory, the majority of
the B. pertussis PCR results from the private laboratory were
not substantiated (Table 2). Moreover, during proficiency test-
ing of 10 blinded specimens, the private laboratory reported
false-positive results for one-third of the non-B. pertussis spec-
imens. After changing primers towards the end of the second
outbreak, the private laboratory retested the 10 samples and
correctly identified all 10 specimens. This suggested that DNA
contamination may have caused an uncertain number of false-
positive results during the two outbreaks. PCR false-positive
results can be due to DNA contamination, which may have
been exacerbated by the larger-than-normal volume of samples
processed during the outbreaks.

The overdiagnosis of pertussis during these outbreaks had
important public health consequences. These included the un-
necessary treatment of asymptomatic individuals with a posi-
tive PCR result for B. pertussis DNA who may not have har-
bored B. pertussis, as well as inappropriate chemoprophylaxis
for their close contacts. In outbreak 2, more than 1,100 persons
in close contact with an individual with a positive PCR result
for B. pertussis DNA were advised to take a 2-week course of
chemoprophylaxis with a macrolide antibiotic. Staff at doctor
offices, hospitals, and county health departments were over-
whelmed with testing demands and follow-up of individuals
who tested PCR positive for B. pertussis DNA. During out-
break 2, 10% of the 500-member staff of a community hospital,
many of whom were asymptomatic, were furloughed for 5 days
as a result of positive PCR tests.

A QA program for pertussis PCR assays is paramount and
needs to include all aspects of the assay from specimen extrac-
tion to amplicon detection. Some QA program components
(e.g., reagent controls for identity, stability, and potency and
functional controls for equipment) are commonly applied to
pertussis PCR assays. Functional controls for the procedure
are needed as there is no acknowledged reference standard
and no universal results acceptance criteria to monitor for test
failures. In addition, assays should be revalidated when chang-
ing significant assay parameters or reagents, such as thermo-

cyclers, specimen extraction procedures, and primers. Al-
though proficiency testing is an important part of QA,
sanctioned and certified testing is not readily available and
in-house performance is often assessed with samples that fail
to resemble clinical specimens, are limited in number, and
include too few samples per panel. In addition, in-house testing
often does not challenge reproducibility, sensitivity, or turn-
around time. For these reasons, there is a pressing need for
standardization of methods and reference reagents as well as
for complete QA programs including proficiency testing. Lab-
oratories currently using PCR for B. pertussis DNA may benefit
from evaluating their QA programs to ensure the best use of
this test, particularly if it is used exclusively for confirming the
diagnosis. Based on the results of these investigations, the
following standards should be followed by all laboratories per-
forming PCR for B. pertussis DNA: (i) maintaining culture
capabilities for B. pertussis, especially during times of suspected
higher pertussis incidence so that the diagnosis can be con-
firmed for at least some cases, (ii) running one negative control
through the entire processing step for every 7 samples, (iii)
running small batches of samples (10 to 12 per run), (iv) per-
forming proficiency testing regularly in a blind fashion to en-
sure proper test and personnel performance, and (v) incorpo-
rating hierarchical acceptance criteria monitoring for test
failures, including positive and negative functional controls,
reevaluating multiple consecutive positive specimens, and con-
firming that positive specimens were collected from persons
meeting the pertussis clinical case definition.

Many of the confounding PCR diagnostic test results we
experienced throughout these outbreaks reflect the current
state of PCR technology in general and of pertussis diagnosis
in particular. PCR for B. pertussis DNA assays evolved rapidly,
and numerous protocols have been reported; because of the
sensitive and timely results that they provide compared with
the diagnostic standard (B. pertussis culture), these assays have
moved from reference laboratories and academic institutions
to smaller treatment facilities. Consequently, PCR testing may
soon ascend from presumptive to diagnostic status and become
the standard of care. However, no commercial product is avail-
able; no standardized protocol, reagents, or reporting format
are widely accepted; and no strategy for unifying assays cur-
rently exists. Other challenges to the wide acceptance of PCR
for B. pertussis DNA are recognized: clinicians must be prop-
erly educated in interpreting PCR test results, and the clinical
utility of results is poorly defined because predictive values for
these tests are unknown.

We support the contention that B. pertussis PCR assays can
be a valuable tool in the diagnosis of this infectious agent. At
the NYSDOH/WC laboratory, an ongoing study of culture
versus PCR on hundreds of samples has revealed that PCR
typically is threefold more likely to detect a positive B. pertussis
sample (D. Bopp, unpublished data [NYSDOH/WC, 2001]).
The clinical significance of this difference is unknown, although
at least half of the PCR-positive and culture-negative samples
were from patients who had an acute cough illness that met the
pertussis case definition.

Widespread availability of sensitive and specific clinical lab-
oratory tests for diagnosis of pertussis is essential if the burden
of pertussis disease is to be fully documented. PCR, when well
performed, can serve as a valuable adjunct to culture and a
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presumptive test to detect B. pertussis. PCR may become more
reliable with the addition of a traditional hybridization step
using a specific probe or by use of probe-based assays. Because
of the implications for public health programs, it is essential
that validated diagnostic tests performed with appropriate QA
be available to support case investigation and outbreak control
activities.
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