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Abstract
Background: Acute exacerbation of idiopathic pulmonary fibrosis (AE-IPF) is a severe condition with limited
treatment strategies. Although respiratory infection is a major cause of AE-IPF, no reports have indicated pertussis
infection as a cause. Here we report two cases of pertussis infection-induced AE-IPF.
Case presentation: Both patients presented with a chief complaint of acute respiratory distress and were
previously diagnosed with idiopathic pulmonary fibrosis (IPF). Neither patient had received any pertussis vaccination
since adolescence. Both patients were diagnosed with AE-IPF accompanying acute pertussis infection based on
chest computed tomography and serum pertussis toxin antibody > 100 EU/mL. Both patients were treated with
macrolide antibiotics and systemic corticosteroids. Both patients were able to be discharged and return home.
Conclusions: The presence of pertussis infection in AE-IPF can present a diagnostic challenge, as coughing
accompanying pertussis may be difficult to distinguish from IPF-associated coughing. Pertussis infection should be
assayed in AE-IPF patients. Since pertussis can be prevented with vaccination and is expected to be affected by
antibiotics, consideration of pertussis infection as a causative virulent factor of AE-IPF may be important for
management of subjects with IPF.
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Background
Idiopathic pulmonary fibrosis (IPF) normally follows a
chronic and progressive course. Respiratory failure that
occurs during the course of this disease is known as
acute exacerbation of IPF (AE-IPF), which may be
caused by infection [1]. The majority of published studies investigating the causes of acute exacerbation of IPF
have been primarily focused on viral sources of infection,
rather than bacterial sources [2]. To our knowledge,
there have been no previous reports of pertussis as a
causative factor of AE-IPF. Here, we report our experience in managing two cases of AE-IPF that have been
induced by acute pertussis infection. Written informed
consent was obtained from the participant for the
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publication of this case report. This case report was
written in accordance with the Declaration of Helsinki
and its publication was approved by our University
Ethics Committee (approval number, 2616).

Case presentation
Case 1: The patient was a 69-year-old man who was diagnosed with IPF 5 years prior to the current episode.
He complained of respiratory distress during exertion
and dry cough without any treatment. Physical examination revealed bilateral fine crackles in the lung. The patient was admitted to our hospital because of a sudden
worsening of his respiratory distress and was diagnosed
with AE-IPF based on a poor blood oxygen concentration and the observation of new ground-glass opacity
findings over a broad range of bilateral lung fields during
computed tomography (CT) scanning (Fig. 1). A high
level of pertussis toxin (PT) antibodies (147 EU/mL) was
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Fig. 1 Radiological findings. Chest CT findings for a 69-year-old man.
a Chest CT findings at 3 weeks before admission. b Chest CT
findings at the time of admission showed new ground-glass opacity
findings over a broad range of bilateral lung fields

noted in samples taken on day 1 of admission. After successful life-saving treatment, the PT level decreased to
52 EU/mL, as measured 30 days after admission. The patient began long-term oxygen therapy (LTOT) and was
then discharged to his home.
Case 2: The patient was a 57-year-old man who was
diagnosed with IPF 5 years earlier and who was currently
undergoing oral nintedanib therapy with LTOT. The patient presented at our hospital with the chief complaints
of respiratory distress and worsening of cough. Physical
examination showed bilateral fine crackles in the lung.
Moreover, he exhibited a comparatively poor blood oxygen concentration; new ground-glass opacity was observed over a broad range of bilateral lung fields during
CT scanning. He was diagnosed with AE-IPF (Fig. 2).
The patient also exhibited a high PT antibody titer (104
EU/mL), according to a measurement taken on day 13
of admission. The patient was able to be discharged to

Fig. 2 Radiological findings. Chest CT findings for a 57-year-old man.
a Chest CT findings at 10 months before admission. b Chest CT
findings at the time of admission showed new ground-glass opacity
findings over a broad range of bilateral lung fields

his home with an increased dose of LTOT, following
successful clinical treatment.
Neither patient had received any pertussis vaccination
since adolescence. As both exhibited a typical usual
interstitial pneumonia pattern on high-resolution CT,
they were both clinically diagnosed with IPF. No blood
test exams or physical findings showed any sign of autoimmune disease. Both patients reported a chronic cough
associated with the IPF, but they had been aware of uncontrolled cough deterioration and continuous cough
beginning approximately 3 weeks before hospitalization.
Neither patient had Bordetella pertussis detected from
sputum; moreover, PCR analysis was not performed, so
the patients did not directly show presence of pathogen.
Although the typical symptoms of pertussis (e.g., inspiratory whoop) were not observed in either patient, no infectious diseases other than pertussis were detected
through sputum culture tests or serum markers. No
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other causative bacteria were detected in urine antigen
tests or sputum culture tests. Moreover, heart failure
was not observed in either patient. Both patients were
treated with macrolides and broad-spectrum β-lactam
antibiotics, accompanied by high-dose corticosteroid
therapy. Case 1 involved an initial acute exacerbation
and Case 2 involved a recurrent acute exacerbation.

Discussion and conclusions
The current report described cases that demonstrated
infection with pertussis as a cause of AE-IPF. Infection
is now considered to be a major causative factor leading
to AE-IPF [2]. While various bacteria and viruses have
been studied as potential causes of AE-IPF [3, 4], to the
best of our knowledge, the cases presented herein constitute the first report in the literature of pertussis as the
causative agent of AE-IPF.
The current case report revealed three major findings.
The first finding was that consideration of pertussis infection should be noted as part of the differential diagnosis
during AE-IPF. Many physicians mistakenly consider pertussis to solely present as a pediatric infection; however,
recent publications have shown that pertussis is now common among adults and is often overlooked by internists
[5]. Additionally, many adult cases of pertussis do not exhibit typical symptoms [6] and IPF patients often already
exhibit persistent dry cough; thus, some physicians may
be less likely to initially consider pertussis during the differential diagnosis. These factors may have led to pertussis
frequently being overlooked as a potential causative
pathogen in cases of AE-IPF.
The second finding was the anticipated efficacy of
treatment with macrolide antibiotics. Although further
discussion may be necessary, macrolide antibiotic treatment can sometimes reduce the duration or severity of
symptoms in pertussis infection [7]. When a patient exhibits AE-IPF, we do not routinely prescribe macrolide
antibiotics that are known to be useful for whooping
cough. Therefore, our clinical experience may influence
antibiotic selection in cases of AE-IPF, because AE-IPF
in the current patient may be due to pertussis infection.
Lastly, most bacterial infections of the respiratory tract
are not preventable; however, pertussis is one of the few
pathogens that is preventable through vaccination. Pertussis vaccination is now recommended in a wide array of developed countries [8]. Vaccination is anticipated to be
particularly effective in countries where pertussis vaccinations are not performed after adolescence, as in Japan.
Pertussis infection was diagnosed based on serological
testing in our current cases; notably, the serological diagnostic method was validated in multiple previous reports. The
major diagnostic criterion of recent or current active pertussis infection is a PT antibody level > 100 EU/mL at any time
point; both of our cases met this criterion [9–11]. Previous
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reports showed that a PT antibody level > 100 EU/mL was
comparable to a 4-fold or greater increase in paired serum,
or to confirmation of pertussis infection based on positive
culture results or polymerase chain reaction testing [12]. In
Japan, the cutoff value is established based on the literature
[12]: PT antibody titer > 100 EU/mL is used to confirm pertussis infection. In the Japanese infectious disease guidelines,
if sputum cultures or Loop-Mediated Isothermal Amplification have not been done or are negative, an increase in antibody titer in the serum has been established as a diagnostic
criterion for pertussis; in Japan, therefore, diagnosis by antibody titer is a standard evaluation method. Since a previous
study indicated that cultures are unlikely to be positive in
adults with more than 3 weeks of coughing, we suspect that
a negative culture does not present a problem in the diagnosis of this case [13].
Although widespread adoption of the pertussis vaccine
has resulted in a dramatic decrease in the number of affected patients, recent reports of increasing numbers of
pertussis cases in various countries around the world are
attracting attention [14]. Thus, studies focusing on
AE-IPF that may be induced by pertussis are likely to be
important in the future.
The mechanism by which pertussis infection induces
AE-IPF is currently unclear. The causative Bordetella
pertussis is known to damage bronchial epithelial cells,
thereby inducing inflammatory cytokines and chemokines. PT, adenylate cyclase (ACT), tracheal cytotoxin
(TCT), and Bordetella dermonecrotic toxin are involved
in the pathogenesis of pertussis through the attachment
of the bacteria to bronchial mucosal epithelial cells. The
presence of TCT induces the production of tumor necrotizing factor alpha, interleukin-6, and IL-1β from
bronchial epithelial cells [15]. ACT converts intracellular
adenosine triphosphate into cyclic adenosine monophosphate and activates immune response [16]; moreover,
ACT plays a role in activating Type 1 T helper (Th1) cells
and Th17 cells for further inflammation. In addition to its
epithelial damage, B. pertussis produces toxins, PT and
ACT, that inhibit the phagocytic activity of macrophages
in a manner that is distinct, compared with other bacterial
pathogens [16, 17].
To our knowledge, this is the first report that acute pertussis infection, a vaccine-preventable and often overlooked infection that is treatable with macrolide, could
cause AE-IPF. To epidemiologically investigate the extent
to which pertussis is involved in AE-IPF, it is necessary to
consider serological and culture examination methods, as
well as examination by PCR, which shows high sensitivity.
This additional method is needed because the specificity
of pertussis is high with serological and culture examination methods, but the corresponding detection rates are
low. Further research regarding the relationship between
pertussis infection and AE-IPF is critical in the future.

Hirai et al. BMC Pulmonary Medicine

(2019) 19:15

Abbreviations
ACT: Adenylate cyclase; AE-IPF: Acute exacerbation of idiopathic pulmonary
fibrosis; CT: Computed tomography; IPF: Idiopathic pulmonary fibrosis;
LTOT: Long-term oxygen therapy; PT: Pertussis toxin; TCT: Tracheal cytotoxin
Acknowledgements
The authors are grateful to Shin Ota, Sojiro Kusumoto, and Mayumi
Yamamoto for their assistance in the interpretation of the results and critical
review of the manuscript.
Funding
This research did not receive any specific grant from funding agencies in the
public, commercial, or not-for-profit sectors.
Availability of data and materials
All data generated or analyzed during this study are included in this
published article.
Authors’ contributions
KH designed this study. KH and TH wrote the manuscript. KH, FY, MY, SS, AT,
and TO were involved in revising the manuscript. KH and HS conceived the
outline of the current analysis and supervised its completion. All authors
significantly contributed to the data interpretation and manuscript
preparation. All authors read and approved the final manuscript.
Ethics approval and consent to participate
This case report includes a statement on ethics approval and consent and
includes the name of the ethics committee that approved this study and the
committee’s reference number. This case report was written in accordance
with the Declaration of Helsinki and its publication was approved by our
University Ethics Committee (approval number, 2616).
Consent for publication
This case report contains data regarding individual patients. Thus, we
obtained consent from both patients for publication of their cases.
Competing interests
The authors declare that they have no competing interests.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.
Received: 28 July 2018 Accepted: 2 January 2019

References
1. Collard HR, Ryerson CJ, Corte TJ, Jenkins G, Kondoh Y, Lederer DJ, et al.
Acute exacerbation of idiopathic pulmonary fibrosis. An international
working group report. Am J Respir Crit Care Med. 2016;194:265–75.
2. Azadeh N, Limper AH, Carmona EM, Ryu JH. The role of infection in
interstitial lung diseases: a review. Chest. 2017;152:842–52.
3. Wootton SC, Kim DS, Kondoh Y, Chen E, Lee JS, Song JW, et al. Viral
infection in acute exacerbation of idiopathic pulmonary fibrosis. Am J Respir
Crit Care Med. 2011;183:1698–702.
4. Song JW, Hong SB, Lim CM, Koh Y, Kim DS. Acute exacerbation of
idiopathic pulmonary fibrosis: incidence, risk factors and outcome. Eur
Respir J. 2011;37:356–63.
5. Cherry JD, Grimprel E, Guiso N, Heininger U, Mertsola J. Defining pertussis
epidemiology clinical, microbiologic and serologic perspectives. Pediatr
Infect Dis J. 2005;24:25–34.
6. Cornia PB, Hersh AL, Lipsky BA, Newman TB, Gonzales R. Does this
coughing adolescent or adult patient have pertussis? JAMA. 2010;304:890–6.
7. Hewlett EL, Edwards KM. Clinical practice. Pertussis--not just for kids. N Engl
J Med. 2005;352:1215–22.
8. Centers for Disease Control and Prevention (CDC). Updated
recommendations for use of tetanus toxoid, reduced diphtheria toxoid, and
acellular pertussis (Tdap) vaccine in adults aged 65 years and older advisory committee on immunization practices (ACIP), 2012. MMWR Morb
Mortal Wkly Rep 2012;61:468–70.

Page 4 of 4

9.

10.

11.

12.

13.

14.
15.

16.

17.

Miyashita N, Kawai Y, Yamaguchi T, Ouchi K. Evaluation of serological tests
for diagnosis of Bordetella pertussis infection in adolescents and adults.
Respirology. 2011;16:1189–95.
Marchant CD, Loughlin AM, Lett SM, Todd CW, Wetterlow LH, Bicchieri R, et
al. Pertussis in Massachusetts, 1981–1991: incidence, serologic diagnosis,
and vaccine effectiveness. J Infect Dis. 1994;169:1297–305.
Cherry JD, Tan T, Wirsing von König CH, Forsyth KD, Thisyakorn U,
Greenberg D, et al. Clinical definitions of pertussis: summary of a global
pertussis initiative roundtable meeting, February 2011. Clin Infect Dis. 2012;
54:1756–64.
DeMelker HE, Versteegh FG, Conyn-Van Spaendonck MA, Elvers LH, Berbers
GA, van Der Zee A, et al. Specificity and sensitivity of high levels of
immunoglobulin G antibodies against pertussis toxin in a single sample for
diagnosis of infection with Bordetella pertussis. J Clin Microbiol. 2000;38:
800–6.
Nakamura Y, Kamachi K, Toyoizumi-Ajisaka ON, Saito R, Tsuruoka J, et al.
Marked difference between adults and children in Bordetella pertussis DNA
load in nasopharyngeal swabs. Clin Microbiol Infect. 2011;17:365–70.
Hartzell JD, Blaylock JM. Whooping cough in 2014 and beyond: an update
and review. Chest. 2014;146:205–14.
Magalhaes JG, Philpott DJ, Nahori MA, Jéhanno M, Fritz J, Le Bourhis L, et al.
Murine Nod1 but not its human orthologue mediates innate immune
detection of tracheal cytotoxin. EMBO Rep. 2005;6:1201–7.
Mattoo S, Cherry JD. Molecular pathogenesis, epidemiology, and clinical
manifestations of respiratory infections due to Bordetella pertussis and
other Bordetella subspecies. Clin Microbiol Rev. 2005;18:326–82.
Fedele G, Bianco M, Ausiello CM. The virulence factors of Bordetella
pertussis: talented modulators of host immune response. Arch Immunol
Ther Exp. 2013;61:445–57.

