ribl COHORT STUDY

Should equivocal Bordetella pertussis PCR results
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Abstract

Introduction: Real-time polymerase chain reaction (PCR) is the preferred method for the

diagnosis of pertussis. In Quebec, positive and equivocal results are reportable to public health;

in contrast, in Ontario equivocal results are not reportable.

Objective: To determine the clinical significance of equivocal, compared with positive results, in

children with suspected pertussis.

Methods: Retrospective cohort of consecutive patients seen at the Centre Hospitalier
Universitaire Sainte-Justine in Montréal, Quebec, with suspected pertussis and tested with
a bacterial multiplex PCR (including Bordetella pertussis) between 2015 and 2017. Medical
records were reviewed using a standardized form. Univariate analyses (Student’s t-test and
chi-square test) and multivariable logistic regression were used to compare cases of positive
and equivocal results.

Results: Of the 1,526 multiplex PCR performed, 109 were positive and 24 equivocal. Both
groups were similar in terms of demographics and disease severity assessments, but patients
in the equivocal group had less paroxysmal cough (33.3% vs 79.8%, adjusted odds ratio

[aOR] 0.11, 95% confidence interval [Cl] 0.04-0.29) and whoop (0% vs 18.3%, p<0.001), lower
lymphocyte counts (6.6 vs 11.9 x10?/L, p=0.008), were more likely to be diagnosed with a viral
co-infection (16.7% vs 3.7%, aOR 5.62, 95% Cl 1.17-27.54) and were less likely to receive a
macrolide (25% vs 89%, aOR 0.04, 95% CI 0.01-0.11). When admitted, patients with equivocal
results had a shorter average length of stay (3.3 vs 12.2 days, p=0.001).
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Conclusion: Although there were similarities in disease severity, children with suspected
pertussis who had equivocal PCR results had significantly different clinical presentations
compared with those with positive results. In the context of limited public health resources,
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these results may inform the decision whether or not equivocal results need to be reported to

public health by laboratories.
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Introduction

Pertussis is a highly contagious disease caused by Bordetella
pertussis. Despite universal vaccination, pertussis still represents
a major public health burden in Canada, particularly in children
under the age of 15 years (1). Certain groups, such as infants,
have an increased risk of severe disease. Pertussis cases are
therefore reported to public health authorities within 48 hours
of diagnosis, for epidemiological surveillance and contact
management (2).

The clinical diagnosis of pertussis is challenging considering

the wide spectrum of symptoms at presentation (3). Both
nasopharyngeal culture and polymerase chain reaction (PCR) are
accepted laboratory confirmation methods (4); however, given its
increased sensitivity, PCR has become the preferred diagnostic
method for pertussis in most provinces and territories (2,5).
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The Centre Hospitalier Universitaire Sainte-Justine (CHUSJ), a
pediatric tertiary care hospital in Montreal, uses an

1S481-based real-time PCR for identification of B. pertussis.

PCR is considered positive when cycle threshold (Ct) is less

than 36 and equivocal when Ct is 36-39.9. Currently, in Quebec,
laboratories report equivocal results to public health authorities.
These cases are investigated, including contact tracing, and
interpreted according to clinical features (symptoms compatible
with pertussis) and epidemiological information (history of
contact) (2). In contrast, due to questions about the significance
of equivocal results (5), Public Health Ontario determined that
such results were not to be reported (6). Our study objective was
to determine the clinical significance of an equivocal PCR result,
when compared with positive PCR results, in children evaluated
for suspected pertussis.
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Methods

Study design

This was a retrospective, observational cohort study of
consecutive patients who were seen at CHUSJ for suspected
pertussis and were tested with a bacterial multiplex PCR

(B. pertussis, B. parapertussis, B. holmesii, Mycoplasma
pneumoniae and Chlamydophila pneumoniae) between June
2015 and March 2017. The study protocol was approved by the
CHUSJ'’s ethics committee.

Study participants

The overall cohort consisted of participants less than or equal to
17 years of age, with a bacterial multiplex PCR result available

in the microbiology laboratory information system. Patients with
a positive or equivocal PCR result for B. pertussis were included
in our case series, regardless of where the test was ordered
(emergency, ward, clinic, pediatric intensive care unit or neonatal
intensive care unit). Patients not evaluated by a CHUSJ's
physician on the day the test was performed were excluded, as
data on their clinical presentation (symptoms and signs) were not
available.

Data collection

Manual chart review of electronic medical records using
Chartmaxx (Quest Diagnostics, Secaucus, New Jersey, United
States [US]) was performed for all patients included in the cohort
by two members of the research team (MD, DI). Data were
extracted using a standardized case report form. Ten percent
of charts were reviewed by both researchers to evaluate inter-
rater agreement using kappa statistics. Collected data included
demographic characteristics, past medical history and vaccination
status, clinical presentation, disease severity and outcomes.
When not recorded in the chart, specific signs and symptoms,
as well as past medical history were considered absent. Disease
severity was determined using two different severity scores:

the Modified Preziosi Scale (MPS) and the Respiratory Severity
Score (RSS). The MPS was used to measure pertussis severity in
pediatrics. Severe disease is defined as a MPS greater than six
(7). The RSS evaluates the severity of respiratory tract infections
in pediatric patients. It was used to distinguish upper from
lower respiratory infections and is correlated with the need for
hospitalization (8). Because these two scores measure different
constructs of respiratory infections, we compared both patients
groups using the two scores.

Data analysis

Univariate analyses, using chi-square and Student’s t-test as
appropriate, were first performed to compare characteristics
of patients with an equivocal (vs positive) result. Variables that
were statistically significant upon univariate analysis, that were
considered to be potential confounders based on the literature
review, or had an impact on the model fit Akaike information
criterion (AIC) were included in the multivariable logistic
regression model (odds ratios — OR — and 95% confidence
intervals). All p values were two-sided and considered significant
at less than 0.05 (SPSS software, version 24, IBM Analytics,
Armonk, New York US and R, version 3.4.3).
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Results

A total of 1,526 consecutive bacterial multiplex PCR with
available results, performed at CHUSJ between June 11, 2015
and March 31, 2017, were extracted from the laboratory
information system. Of these, 109 patients tested positive for

B. pertussis and 24 had equivocal results. The two groups were
similar in terms of demographics (age, sex) and past medical
history (history of asthma, prematurity), with the exception of a
lower vaccination rate in those with a positive PCR (Table 1). The
proportion of patients with a history of contact with a pertussis
case was also similar.

Table 1: Patient demographic characteristics and past
medical history

PCR PCR
Characteristics positive | equivocal | p.yalue (95C°2RCI)
n=109 (%)* | n=24 (%)?
Age, mean (SD) 6.65(5.35) | 6.26 (5.23) 0.75 NA
Male sex 45 (41.3) 11 (45.8) 0.68 1.20 (0.49-2.93)
Immunization up- 79 (72.5) 22 (91.7) 0.046 4.18 (1.13-27)°
to-date
Asthma 16 (14.7) 7(29.2) 0.09 | 2.39(0.82-6.56)
Prematurity 5(4.6) 3(12.5) 0.14 | 2.97 (0.57-13.08)
Immunosuppression 0(0.0) 0(0.0) NA NA
Contact' with 18 (16.5) 3(12.5) 0.63 0.72 (0.16-2.39)
pertussis case
Patient location
Emergency 89 (81.7) 16 (66.7) 0.10° | 0.44(0.17-1.23)¢
Ward 14 (12.8) 7 (29.2) -
Clinic 5 (4.6) 1(4.2) -
NICU 0(0.0) 0(0.0) -
PICU 1(0.9) 0(0.0) - -
Ordering physician specialty
Pediatric Emergency 55 (50.5) 8(33.3) 0.13¢ | 0.49 (0.19-1.21)¢
Pediatrics 43 (39.4) 12 (50) - -
Infectious Disease 5 (4.6) 3(12.5) -
Family medicine 6 (5.5) 0(0.0) - -
Other specialty 0(0.0) 1(4.2) - -

Abbreviations: Cl, confidence interval; n, number; NA, not applicable; NICU, neonatal intensive
care unit; OR, odds ratio; PCR, polymerase chain reaction; PICU, pediatric intensive care unit;
SD, standard deviation; “-", part of the above calculation

2 With the exception of age which is reported as a mean and standard deviation

b Statistically significant results (p<0.05)

¢ Emergency vs other locations

4 Pediatric Emergency vs other specialties

Signs and symptoms at laboratory and radiological investigations
(paraclinical) performed are shown in Table 2. When comparing
the two groups, there was no difference in terms of fever,
rhinorrhea, cough, post-tussive vomiting, abnormal auscultation,
wheezing, acute otitis media or pharyngitis. MPS scores were
also similar in both groups. However, patients in the positive PCR
group had significantly more paroxysmal cough, whoop, and
lymphocytosis and less rhinorrhea and retractions than patients
in the equivocal PCR group. In addition, there was no apnea
reported in the latter group. Finally, patients with equivocal PCR
tended to be more frequently tested for viral pathogens using

a multiplex PCR (adjusted OR [aOR] 3.03 (0.82-11.35), with a
greater proportion having a confirmed viral infection (16.7% vs
3.7%, aOR: 5.62, 95% Cl: 1.17 to 27.54).
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Table 2: Clinical presentation and investigations

PCR PCR Crude Adjusted
Presentation | Positive | equivocal | p.valye OR OR
n=109 (%)* | n=24 (%) (95% Cl) (95% Cl)
Clinical presentation
Fever 10(9.2) 5(20.8) 0.10 2.61 2.30
(0.74-8.25) (0.62-7.57)¢
Rhinorrhea 31(28.4) 12 (50.0) 0.04* 2.52 2.53
(1.02-6.26) (1.01-6.42)=
Proven apnea 10(9.2) 0(0.0) 0.12 NA NA
Length of 15.5(14.2) 16.3 (67.9) 0.82 NA NA
cough, days
(SD)
Post-tussive 55 (50.5) 8(33.3) 0.13 0.49 0.49
vomiting (0.19-1.21) (0.19-1.21)¢
Paroxysmal 87 (79.8) 8(33.3) | <0.0012 0.13 0.11
cough (0.05-0.32)> | (0.04-0.29)°¢
Whooping 20(18.3) 0(0.0 | <0.001° NA NA
cough
Abnormal 12(11.0) 5(20.8) 0.19 213 2.18
auscultation (0.62-6.49) (0.60-7.19)
Wheezing 2(1.8) 2(8.3) 0.09 4.86 .
(0.56-42.34) (0.36-31.52)f
Retractions 6(5.5) 6(25.0) 0.0032 5.72 5.61
(any type) (1.62-20.29)° | (1.55-20.76)°>¢
Acute otitis 5(4.6) 3(12.5) 0.14 2.97 1.72
media (0.57-13.08) (0.26-8.92)
Pharyngitis 9(8.3) 1(4.2) 0.49 0.48 0.50
(0.02-2.76) (0.03-2.91)¢
Cyanosis 15(13.8) 4(16.7) 0.71 1.25 0.69
(0.33-3.90) (0.13-3.16)f
Severity score
MPS, mean 57 4.8 0.31 NA NA
MPS, severe 30 (27.5) 6(25.0) 0.80 0.88 0.40
disease (0.30-2.32) (0.06-1.86)
RSS, mean 0.5 1.3 0.07 NA NA
Investigations
Viral PCR 14 (12.8) 8(33.3) 0.01 3.39 3.03
(1.19-9.33) (0.82-11.35)f
Another virus 4(3.7) 4(16.7) 0.02 5.25 5.62
found (1.16-23.92)> | (1.17-27.54)><
Lymphocytes 11.9 (10.9) 6.6(2.8) |  0.008° NA NA
(x10°/L),
mean (SD)
Pneumonia 5(4.6) 2(8.3) 0.46 1.89 3.34
on X-Ray (0.26-9.41) (0.41-22.40)

Abbreviations: Cl, confidence interval; n, number; NA, not applicable; MPS, Modified Preziosi
Scale; OR, odds ratio; PCR, polymerase chain reaction; RSS, Respiratory Severity Score;

SD, standard deviation

2 All results reported as n (%) with the exception of length of cough (days) and lymphocytes,
which are reported as a mean with standard deviation, and MPS and RSS severity score, which are
reported as a mean

b Statistically significant results (p<0.05)

¢ Three missing data in each group

4 Adjusted for sex group and another virus found

¢ Adjusted for age

f Adjusted for age and patient location

9 Adjusted for immunization up-to-date

" Adjusted for age and another virus found

! Adjusted for age, other virus found and patient location

I Adjusted for age and immunization up-to-date

Patients’ outcomes are presented in Table 3. Notably, patients
in the equivocal PCR group were less likely to have a macrolide
prescribed (aOR 0.04; 95% Cl: 0.01 to 0.11), adjusting for

age and presence of pneumonia on X-ray. In fact, only 25% of
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equivocal cases were treated for pertussis, despite having similar
symptoms duration compared with patients in the positive PCR
group. Moreover, despite a similar proportion of hospitalization
in the two groups, patients with equivocal PCR had a shorter
average length of stay, when admitted (3.3 vs 12.2 days,
p=0.001) and did not require intensive care admission.

Table 3: Patients’ outcomes

PCR PCR Crude Adjusted
Outcomes positive | equivocal | p-value OR OR
n=109 (%)* | n=24 (%) (95% Cl) (95% Cl)
Received 0(0.0) 4(16.7) | <0.001° NA NA
amoxicillin
Received 97 (90.0) 6(25.0) | <0.001° 0.04 0.04
macrolide (0.01-0.12)° (0.01-0.11)¢
Hospitalization 20 (18.3) 7 (29.2) 0.24 1.81 4.63
(0.63-4.83) | (0.75-47.96)¢
Length of stay, 12.2(10.2) 3.3(1.0) 0.001® NA NA
mean (SD)
ICU stay 7 (6.4) 0(0.0 0.20 NA NA
Death 0(0.0) 0(0.0) NA NA NA
Return visits 21(19.3) 4(16.7) 0.73 0.82 0.81
(0.22-2.45) (0.22-2.45)¢

Abbreviations: Cl, confidence interval; ICU, Intensive Care Unit; n, number; NA, not applicable;
OR, odds ratio; SD, standard deviation

 With the exception of length of stay, which is reported as a mean and standard deviation

b Statistically significant results (p<0.05)

¢ Adjusted for age and pneumonia on X-ray

4 Adjusted for age

Discussion

At CHUSJ, between June 2015 and March 2017, MPS and the
RSS scores indicated that children with positive and equivocal
B. pertussis PCR results showed certain similarities with respect
to disease severity. However, there were many significant
differences in terms of clinical presentations, paraclinical results
and outcomes between the two groups. In fact, patients in the
positive PCR group presented typical symptoms of pertussis,
such as apnea, paroxysmal cough, post-tussive vomiting and
whooping cough. The vast majority of positive cases were
treated with a macrolide. In comparison, patients in the equivocal
group presented more frequently with nonspecific upper
respiratory tract infection symptoms such as rhinorrhea, fever,
retractions and wheezing. In addition, the majority of patients
with equivocal results were not treated with a macrolide, which
suggests that the treating physician did not feel that treatment
for pertussis was indicated.

Previously, using Ontario’s reportable disease database, Bolotin
et al. (5) also compared patients with positive and equivocal
PCR results. They reported that patients with equivocal PCR
results were less likely to be hospitalized than patients with
positive PCR results, even if both groups were similar in terms
of their clinical presentation. In our study, the two groups were
significantly different with regards to their clinical presentations
and outcomes, possibly because our population consisted of
children, who are usually more severely affected by pertussis
than adults. DeVincenzo et al. (9) also evaluated the relationship
between PCR Ct value and pertussis severity. They showed that



Ct values significantly correlated with length of hospitalization
and lymphocytosis (9). Our results follow the same trend.

From an analytical point of view, many factors may explain
differences found between patients with an equivocal and
positive result. B. pertussis PCR target, 15481, is present in 50
to 200 copies/bacterial cell. It was previously shown that a PCR
result with a Ct greater than 35 may represent the detection

of less than one bacterium per sample (10). The significance of
a late-cycle positive result remains thus uncertain. On the one
hand, equivocal result may represent a true pertussis infection
with a small bacterial load, as could be seen in the context of a
disease lasting for more than three weeks, previous vaccination,
partial immunity, or recent antibiotic use (2). In our study, the
duration of symptoms was similar in the two groups, which
makes the hypothesis of a longer lasting disease unlikely.
Low-quality sampling could also result in equivocal results.

On the other hand, equivocal results may be due to transient
colonization in which B. pertussis is unrelated to the clinical
syndrome. Waters et al. described an outbreak of atypical
pertussis that occurred in Toronto in 2005-2006. Among 189
cases of pertussis, defined as PCR Ct value less than 40, only
42% met the clinical definition of pertussis and up to one third
were positive for another respiratory pathogen. The mean Ct
value for these cases was 38.41, from which arose the idea that
some of these cases might represent transient colonization (11).
Consequently, Papenburg and Fontela postulated an association
between high Ct values and the presence of coinfection with
respiratory pathogens (12). In our study, despite the fact that
viral multiplex PCR was performed in a relatively low number of
patients in the two groups, viral co-infections were four times
more likely in patients with equivocal PCR results.

This large retrospective study evaluated consecutive children
who were tested with a multiplex bacterial PCR for respiratory
symptoms during a 22-month period in a tertiary care pediatric
hospital in Montreal. One limitation of our study is the use of
manual chart review for data collection, with hand-written notes
that could have been interpreted differently by investigators.
However, 10% of the charts were reviewed by two members

of the team and inter-rater agreement was strong (kappa
coefficient = 0.86) (13). Another limitation is that this study was
a single centre study; patients who were investigated at the
CHUSJ could have consulted elsewhere for treatment in the days
following their visit—these data would be impossible to capture.
However, our case series describes 12.5% of all pertussis cases
reported in the province of Quebec during the study period (14).

Conclusion

Although there were some similarities in terms of disease
severity, children with suspected pertussis, who had equivocal
PCR results, had significantly different clinical presentations
compared with those with positive results. In the context of
limited public health resources, these results may inform the
decision whether or not equivocal results need to be reported to
public health by laboratories.
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