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A B S T R A C T

Objective: The epidemiology and role of the anti-PcrV titer in non-cystic fibrosis patients with
Pseudomonas aeruginosa airway tract infections is not fully understood. This study was performed to
compare the anti-PcrV titers of patients with and without P. aeruginosa respiratory tract infections.
Methods: This prospective cohort study was conducted at Hokkaido University Hospital in Japan.
Participants had blood and sputum specimens collected on admission. They were divided into two groups
based on their sputum culture results. Those with a P. aeruginosa infection were assigned to the
P. aeruginosa (PA) group and those without a P. aeruginosa infection were assigned to the non-PA group.
Serum anti-PcrV titers were measured using a validated ELISA.
Results: Of the 44 participants, 15 were assigned to the PA group and 29 were assigned to the non-PA
group. In the PA group, 10/15 participants (66.7%) had an anti-PcrV titer >1000 ng/ml compared to 3/29
participants (10.3%) in the non-PA group (p < 0.001). In the PA group, two of the five participants with an
anti-PcrV titer <1000 ng/ml died of recurrent P. aeruginosa pneumonia; the other three participants did
not develop pneumonia.
Conclusion: The anti-PcrV titers in participants with P. aeruginosa infection varied considerably. Patients
with low anti-PcrV titers and refractory P. aeruginosa infections need to be monitored closely.
© 2019 The Authors. Published by Elsevier Ltd on behalf of International Society for Infectious Diseases.
This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-

nc-nd/4.0/).
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Introduction

Pseudomonas aeruginosa is an important bacterial pathogen
that causes acute life-threatening lower respiratory tract infections
(LRTI), which occasionally require mechanical ventilation (Kollef
et al., 2014). In addition to disease due to acute infection,
P. aeruginosa airway colonization or chronic P. aeruginosa infection
is associated with more frequent exacerbations and a higher
mortality rate in individuals with several diseases, including cystic
fibrosis (Li et al., 2005), bronchiectasis (Finch et al., 2015;
Martínez-García et al., 2007), chronic obstructive pulmonary
disease (COPD) (Murphy et al., 2008; Murphy, 2009), and diffuse
panbronchiolitis (DPB) (Homma et al., 1983). Given the recent
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emergence of multidrug-resistant P. aeruginosa (Micek et al., 2015),
the therapeutic effectiveness of current therapies for P. aeruginosa
infection of the lower respiratory tract is becoming increasingly
limited.

Recently, immunity against the type III secretion system (TTSS),
one of the major virulence factors of P. aeruginosa, has attracted
attention as a key determinant of P. aeruginosa infection (Sawa
et al., 2014). Among the component proteins of TTSS, the PcrV
antigen protects against P. aeruginosa infection. Several researchers
have found that, in animals, anti-PcrV antibodies have a protective
effect, which is enhanced when combined with antibiotic
treatment (Sawa et al., 1999; Shime et al., 2001; Faure et al.,
2003; Imamura et al., 2007). With regard to clinical application,
several approaches have been developed for the therapeutic use of
anti-PcrV antibodies (François et al., 2012; Thaden et al., 2016; Jain
et al., 2018).

Previous epidemiological studies have shown that in children
with cystic fibrosis and chronic P. aeruginosa infection of their
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respiratory tract, serum anti-PcrV antibodies increase significantly
over time (Milagres et al., 2009).

To date, the number of reports describing the epidemiology and
role of anti-PcrV titers in P. aeruginosa infections in individuals
without cystic fibrosis has been limited. In a study of anti-PcrV
titers in 114 patients with acute P. aeruginosa bacteremia, none of
the patients had protective levels of PcrV titers during the acute
phase of their bacteremia, despite the detection of PcrV in 99% of
the P. aeruginosa isolates (Thaden et al., 2016). In contrast to this
finding, Yasumoto et al. (2016) reported that serum anti-PcrV titers
were elevated in 10.6% of 198 study participants without a history
of P. aeruginosa infection who were anesthetized for scheduled
surgeries. Currently, the epidemiology and clinical significance of
anti-PcrV IgG titers in P. aeruginosa respiratory tract infections in
individuals without cystic fibrosis is not fully understood.

This study was conducted to measure the anti-PcrV titers in
patients with acute or chronic P. aeruginosa respiratory tract
infections and to compare the titers with those of patients without
P. aeruginosa infection.

Materials and methods

This prospective observational study was conducted over a
14-month period (February 2017 to March 2018) in the First
Department of Medicine at Hokkaido University Hospital in Sapporo,
Japan. The Human Subjects Review Committee of the Hospital
approved the study protocol (016-0119). Written informed consent
for sputum and blood sample collection was obtained from all of the
study participants. The primary objective was to evaluate the anti-
PcrV titers in non-cystic fibrosis patients with P. aeruginosa
respiratory tract infections and to determine whether these were
higher or not when compared with those of non-cystic fibrosis
patients without P. aeruginosa respiratory tract infections. Explor-
atory objectives were to evaluate the relationship between anti-
PcrV titers and P. aeruginosa respiratory tract infection.

Study participants and protocol

After confirming the sampling procedure (February 2017–
September 2017), all patients who met the eligibility criteria and
who consented to participate were enrolled (Figure 1). Participants
were divided into two groups according to the presence of
P. aeruginosa in sputum cultures. Those with P. aeruginosa isolated
from their sputum on enrolment were assigned to the PA group
and those without P. aeruginosa isolated from their sputum were
assigned to the non-PA group, for comparison purposes. Patients
with a history of P. aeruginosa infection but a negative sputum
culture on being screened for the study were excluded. The
participants were followed up until March 2018.
Figure 1. Flow chart illustrating the dis
The inclusion criterion for chronic infection due to P. aeruginosa
was defined as a patient with an evident previous history of
P. aeruginosa isolation, with one or more isolates of P. aeruginosa
from sputum during the study period. Patients who had pneumonia
on admission and P. aeruginosa isolated on sputum culture were
included in the PA group as acute P. aeruginosa pneumonia cases.

In the non-PA group, most of the participants had infectious
pneumonia caused by an organism other than P. aeruginosa.
Patients with an initial diagnosis of acute pneumonia and a final
diagnosis of acute respiratory distress syndrome (ARDS), a drug-
induced lung injury, or an acute exacerbation of interstitial
pneumonia were also included in the non-PA group. Clinically
stable patients with chronic lower respiratory tract disease, who
did not require any additional medication and had no P. aeruginosa
isolated on sputum culture were also included in the non-PA group.

In this study, infectious pneumonia was defined as follows:
patients with a body temperature of >38 �C or <36 �C and a newly
developed lesion detected by chest radiography consistent with
the diagnosis of pneumonia. Findings on computed tomography
(CT) scans were considered as supporting evidence. Signs and
symptoms included two or more of the following: cough, purulent
sputum, abnormal findings on auscultation, signs of respiratory
failure, signs of dyspnea, and worsening of the tracheal aspirate
fluid in patients on mechanical ventilation. One of the following
was required: leukocytosis or leukopenia (white blood cell count
>10 � 109/l or <4.5 �109/l, respectively), band neutrophils >15%,
pulse rate >120 beats/min, or systolic hypotension. In this study,
infectious pneumonia was classified as community-acquired
pneumonia (CAP) or hospital-acquired pneumonia (HAP) accord-
ing to the American Thoracic Society guidelines (Mandell et al.,
2007; American Thoracic Society and Infectious Diseases Society of
America, 2005; Kalil et al., 2016).

Radiological examination

Previous chest CT scans were reviewed retrospectively and
evaluated. In order to evaluate structural lung abnormalities
related to P. aeruginosa infection, the following radiological
patterns were sought: bronchiolitis (small nodules <5 mm in
diameter, arranged in a centrilobular fashion), bronchiectasis (1.5
times as wide as a nearby vessel and a lack of bronchial tapering on
sequential slices), traction bronchiectasis, and emphysema (Poletti
et al., 2006; Yamazaki et al., 2016; Naito et al., 2017; Kadowaki
et al., 2015).

Antimicrobial susceptibility testing and the detection of TTSS genes

The clinical isolates on culture were confirmed to be P. aeruginosa
by biochemical testing and mass spectrometry (matrix-assisted
tribution of patients in this study.
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laser desorption/ionization time-of-flight, MALDI-TOF). Minimum
inhibitory concentrations (MIC) were then determined by broth
microdilution method with cation-adjusted Mueller–Hinton broth
(Becton Dickinson, Japan) according to the recommendations of the
Clinical and Laboratory Standards Institute (CLSI, 2015). The
following antimicrobials were used: doripenem (DRPM) (Shionogi
& Co., Ltd, Japan), ceftazidime (CAZ) (Chem-Impex, USA), ciproflox-
acin (CPFX) (LKT Laboratories, USA), and tobramycin (TOB) (Sigma-
Aldrich, USA). Crude genomic DNA was extracted from each isolate
by heat lysis. Cellular debris was removed by centrifugation, and
then supernatant containing DNA was subjected to PCR. The PCR
mixture was composed of Go Taq Master Mix (Promega, USA), 1.5%
dimethyl sulfoxide (DMSO), 250 pM of each primer, and DNA
template, in a total volume of 20 ml. Amplification reactions were
performed in a thermocycler programmed as follows: an initial
denaturation at 94 �C for 5 minwas followed by 25 cycles of 94 �C for
30 s, 55 �C for 30 s, and 74 �C for 1 min. The primers used for
amplification are shown in the Supplementary Material (Table S1).
The PCR products were separated by electrophoresis on 1% or 2%
agarose gel consisting in 1 � TAE (Tris-Acetate-Ethylenediaminete-
traacetic acid). After electrophoresis, the gels were stained with
ethidium bromide. Then, the gels were washed with the distilled
water and the PCR products were detected as the fluorescence of
ethidium bromide by fatty acid synthases (Nippon Genetics, Japan).

Anti-PcrV titer measurement

Anti-PcrV titers were quantified using an ELISA, as described
previously (Yasumoto et al., 2016). Polystyrene microtiter plates
(MaxiSorp; Nunc, Roskilde, Denmark) were coated with anti-biotin
antibody and blocked for 2 h with blocking buffer (50 mM Tris–HCl,
pH 7.5 containing 100 g/l sucrose and 20 g/l Block Ace). After three
washes with wash buffer (90 g/l NaCl, 1 g/l Tween20, and 5 g/l
ProClin 150), 75 ml of biotinylated-recombinant PcrV at 133 ng/ml
was added to the wells and incubated for 1.5 h, and then washed
with wash buffer. Then, 50 ml of 2000-fold plasma samples and 25
ml assay buffer (0.1 M NaCl, 1 mM MgCl2, 0.1 mM ZnCl2, 1 g/l
Tween20, 10 g/l bovine serum albumin (BSA), 10 mg/l mouse
gammaglobulin, 0.5 g/l NaN3 in 0.05 M Tris–HCl, pH7.5) were
added and incubated overnight at 4 �C. After washing with wash
buffer, 75 ml alkaline phosphatase (ALP)-labeled anti-human IgG
(H + L) (Promega, USA) at 33.3 ng/ml was added to the wells and
Table 1
Clinical characteristics of patients in the PA group.

Acu
(n =

Age, years (mean � SD) 68 �
Sex: number of female patients (%) 2 (2
Underlying pulmonary disease, n (%) of patients

Diffuse panbronchiolitis 0 (0
Bronchiolitis with immunosuppressant usage 2 (4
Idiopathic pulmonary fibrosis 2 (4
COPD 1 (2
Others 0 (0

Diabetes mellitus, n (%) 0 (0
Corticosteroid use, n (%) 0 (0
Immunosuppressant use, n (%) 2 (4
Secondary hypogammaglobulinemia, n (%) 1 (2
Duration of P. aeruginosa colonization, n (%)

<2 years 3 (6
>2 years 2 (4

Recurrent P. aeruginosa pneumonia after colonization, n (%) 3 (6
Chest CT scan findings, n (%)

Bronchiolitis 2 (4
Bronchiectasis 1 (2
Traction bronchiectasis 3 (6
Emphysema 1 (2

LRTI, lower respiratory tract infection; SD, standard deviation; COPD, chronic obstructi
incubated for 1.5 h. Next, 75 ml of substrate solution (CDP Star with
Emerald II solution; Thermo Fisher Scientific, USA) was added and
the solution was incubated for 15 min. Finally, the chemilumines-
cence of each well was measured using an ARVO SX reader
(PerkinElmer, USA). In the ELISA assays, the human anti-PcrV mAb
6F5 (Shionogi & Co., Ltd, Japan) was utilized as a standard to
quantify the anti-PcrV titers as the concentration of mAb 6F5
equivalents.

Statistical analysis

All continuous variables were expressed as the mean � standard
deviation or median (interquartile range). Differences in anti-PcrV
titer between groups were evaluated using Fisher’s exact test.
p-Values of <0.05 were considered to be statistically significant. For
subgroup analyses according to anti-PcrV titer, 1000 ng/ml was set
as the cut-off value to classify titers as high or low.

Results

Participant characteristics

The clinical characteristics of the 15 participants in the PA group
are summarized in Table 1, and those of the 29 participants in the
non-PA group are summarized in Table 2.

Of the 15 participants in the PA group, five (33.3%) had acute
P. aeruginosa pneumonia on admission and chronic P. aeruginosa
respiratory tract infections; three (20.0%) had DPB, five (33.3%) had
bronchiolitis and were using immunosuppressants, two (13.3%) had
idiopathic pulmonary fibrosis, and two (13.3%) had COPD. Six of the
participants in the PA group were on corticosteroids or immuno-
suppressants (two post organ transplantation, two for collagen
vascular disease, one for bronchial asthma, and one for thymoma).
Ten of the participants in the PA group had been colonized with
P. aeruginosa for >2 years and five had been colonized for <2 years.
Five of the participants had had recurrent P. aeruginosa pneumonia
after colonization, which had required admission to hospital or the
administration of intravenous antibiotics.

Of the 29 participants in the non-PA group, 19 (65.5%) had CAP
and two (6.9%) had HAP. One had ARDS, one had exacerbation of
interstitial pneumonia, and one had a drug-induced lung injury.
Among the clinically stable participants in the non-PA group, two
te pneumonia Chronic LRTI Total
 5) (n = 10) (n = 15)

 7.0 67.7 � 10.5 67.8 � 9.2
0.0) 7 (70.0) 9 (60.0)

.0) 3 (30.0) 3 (20.0)
0.0) 3 (30.0) 5 (33.3)
0.0) 0 (0.0) 2 (13.3)
0.0) 1 (10.0) 2 (13.3)
.0) 3 (30.0) 3 (20.0)
.0) 3 (30.0) 3 (20.0)
.0) 4 (40.0) 4 (26.7)
0.0) 3 (30.0) 5 (33.3)
0.0) 2 (20.0) 3 (20.0)

0.0) 2 (20.0) 5 (33.3)
0.0) 8 (80.0) 10 (66.7)
0.0) 2 (20.0) 5 (33.3)

0.0) 8 (80.0) 10 (66.7)
0.0) 6 (60.0) 7 (46.7)
0.0) 1 (10.0) 4 (26.7)
0.0) 3 (30.0) 4 (26.7)

ve pulmonary disease; CT, computed tomography.



Table 2
Clinical characteristics of patients in the non-PA group.

Acute pneumonia Clinically stable patients Total
(n = 24) (n = 5) (n = 29)

Age, years (mean � SD) 67.3 � 9.9 67.6 � 14.1 67.4 � 10.4
Sex: number of female patients (%) 9 (37.5) 1 (20.0) 10 (34.5)
Underlying disease, n (%) of patients

Community-acquired pneumonia 19 (79.2) – 19 (65.5)
Hospital-acquired pneumonia 2 (8.3) – 2 (6.9)
Others 3 (12.5) 5 (100.0) 8 (27.6)

Diabetes mellitus, n (%) 3 (12.5) 2 (40.0) 5 (17.2)
Corticosteroid use, n (%) 6 (25.0) 3 (60.0) 9 (31.0)
Immunosuppressant use, n (%) 2 (8.3) 1 (20.0) 3 (10.3)
Smoking history (current or ex-smoker), n (%) 13 (54.2) 0 (0.0) 13 (44.8)
Present history of LRTI due to P. aeruginosa, n (%) 0 (0.0) 0 (0.0) 0 (0.0)
Chest CT scan findings, n (%)

Bronchiolitis 1 (4.2) 0 (0.0) 1 (3.4)
Bronchiectasis 4 (16.7) 1 (20.0) 5 (17.2)
Traction bronchiectasis 2 (8.3) 2 (40.0) 4 (13.8)
Emphysema 4 (16.7) 0 (0.0) 4 (13.8)

SD, standard deviation; LRTI, lower respiratory tract infection; CT, computed tomography.

Table 3
Results of serum anti-PcrV titers in this study.

Anti-PcrV antibody PA group Non-PA group p-Valuea

Acute pneumonia Chronic LRTI Total, n (%) Acute pneumonia Clinically stable patients Total, n (%)
(n = 5) (n = 10) (n = 15) (n = 24) (n = 5) (n = 29)

<1000 1 4 5 (33.3) 21 5 26 (89.7) <0.005
>1000 4 6 10 (66.7) 3 0 3 (10.3) <0.005

LRTI, lower respiratory tract infection.
a p-Value of total PA group vs. total non-PA group; p-values were obtained by Fisher’s exact test.

Table 4
Type III secretary protein genotype in Pseudomonas aeruginosa from the lower
respiratory tract.

Type III secretory protein genotype n = 15

pcrV positive 14 (93.3)
exoS positive 15 (100.0)
exoU positive 0 (0.0)
exoT positive 15 (100.0)
exoY positive 13 (86.7)
MIC

Doripenem >8 3 (20.0)
Ceftazidime >8 2 (13.3)
Tobramycin >4 0 (0.0)
Ciprofloxacin >4 4 (26.7)

Data are presented as n (%). MIC, minimum inhibitory concentration.
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had idiopathic interstitial pneumonia, two were infected with
non-tuberculous mycobacteria, and one was on treatment for
tuberculosis. Nine of the participants in the non-PA group were on
corticosteroids or immunosuppressants (three for rheumatoid
arthritis, two for lymphoma after bone marrow transplantation,
two for idiopathic interstitial pneumonia, and two for sarcoidosis).
None of the participants in the non-PA group had a history of
P. aeruginosa isolation from sputum or any other specimens.

All participants in the study had CT scans. Bronchiolitis and
bronchiectasis were significantly more common in participants in
the PA group than in those in the non-PA group (bronchiolitis: 67%
vs. 3%, p < 0.05; bronchiectasis: 46.7% vs. 17.2%, p < 0.05). Structural
lung abnormalities were significantly more common among
participants in the PA group than among those in the non-PA
group (100% vs. 37.9%; p < 0.005).

Distribution of anti-PcrV titers in the study group

Table 3 summarizes the anti-PcrV titer results according to
group and type of condition (acute or chronic). The titers ranged
from 19 ng/ml to 21 830 ng/ml. The median (interquartile range) of
anti-PcrV titers (in ng/ml) according to subgroup were as follows:
acute P. aeruginosa pneumonia, 3520 (2528–3688); chronic
P. aeruginosa infection, 2027 (251–3451); infectious pneumonia/
acute respiratory failure in participants in the non-PA group, 87
(72–131); clinically stable participants in the non-PA group, 65
(55–210). In the PA group, 10/15 participants (66.7%) had an anti-
PcrV titer >1000 ng/ml, compared to 3/29 patients (10.3%) in the
non-PA group (p < 0.001).

Microbiological data

The characteristics of P. aeruginosa isolated from participants
are summarized in Table 4. Of the 15 clinical isolates, all strains
were exoS-positive and exoU-negative. Of the strains, three (20.0%)
were resistant to DRPM, two (13.3%) were resistant to CAZ, and four
(26.7%) were resistant to CPFX.

Clinical characteristics of patients in the PA group with low serum
anti-PcrV titers

In the PA group, five participants (33.3%) had low anti-PcrV
titers in spite of having P. aeruginosa infection. Their clinical
characteristics are summarized in Table 5.

Both participants with low anti-PcrV titers and recurrent
P. aeruginosa pneumonia had a poor response to treatment. Patient
A had four admissions to hospital within 2 years for intravenous
antibiotic treatment of P. aeruginosa pneumonia, and patient E had
more than 10 admissions within 5 years. Patient A died due to
intractable multidrug-resistant P. aeruginosa pneumonia that did
not respond to antibiotics, including colistin. Patient E also had
intractable P. aeruginosa pneumonia that did not respond to
antibiotics, and died due to deterioration of dyspnea caused by
severe P. aeruginosa pneumonia. Notably, patient E did not have any
signs of immunodeficiency: his white blood cell count, CD4 count,



Table 5
Characteristics and outcomes of all five patients in the PA group with a lower serum anti-PcrV titer.

Patient Age,
sex

Underlying
disease

Previous
history

Immunodeficiency Immunosuppressant
usage

Anti-PcrV
titer

Recurrent
P. aeruginosa
pneumonia
after
colonization

CT
manifestation

Duration of
P. aeruginosa
colonization

Prognosis

A 57 M Post bone
marrow
transplantation

Malignant
lymphoma

Secondary
hypogammaglobulinemia

None 111 Frequent
recurrence

Traction
bronchiectasis

2 years 4
months

Died due to
P. aeruginosa
pneumonia

B 72 F Thymoma, post
thymectomy

NTM
infection

Secondary
hypogammaglobulinemia

None 160 None Bronchiolitis 1 year 4
months

Alive

C 67 M Polymyositis,
chronic
bronchitis

– None TAC + steroid 122 None Bronchiolitis 5 years Alive

D 83 F Diffuse
panbronchiolitis

Colon
cancer

None None 475 None Bronchiolitis
+ emphysema

16 years Alive

E 66
M

Diffuse
panbronchiolitis

– None Steroid 176 Frequent
recurrence

Bronchiolitis
+ bronchiectasis

5 years Died due to
P. aeruginosa
pneumonia

CT, computed tomography; M, male; F, female; NTM, non-tuberculous mycobacteria; TAC, tacrolimus.
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and serum IgG were not decreased. He had DPB, but he did not have
a medical history of any other specific underlying illness, including
AIDS, collagen disease, and congenital immunodeficiency. There-
fore, his low anti-PcrV titer could not be explained.

Discussion

In this study, serum anti-PcrV titers were evaluated in patients
with and without P. aeruginosa LRTI. Compared to participants
without P. aeruginosa infection, those with P. aeruginosa of their
LRTI had significantly higher anti-PcrV titers. Notably, both
participants who died due to recurrent P. aeruginosa pneumonia
had low anti-PcrV titers.

People with structural lung abnormalities, such as cystic fibrosis,
bronchiectasis, DPB, idiopathic pulmonary fibrosis, and emphysema,
have a high incidence of P. aeruginosa airway tract colonization or
infection (Poletti et al., 2006; Yamazaki et al., 2016; Naito et al., 2017;
Kadowaki et al., 2015; Arancibia et al., 2002). In the present study,
three participants in the PA group had DPB and 10 had radiological
findings of bronchiolitis, which may reflect P. aeruginosa coloniza-
tion of their bronchioles, and all participants in the PA group had
structural lung abnormalities. In addition, the five participants in
the PA group who had acute P. aeruginosa pneumonia at enrolment,
also had a history of chronic P. aeruginosa respiratory tract infection.
The majority of participants in the PA group had chronic
P. aeruginosa respiratory tract infections with structural lung
abnormalities, particularly bronchiolitis and bronchiectasis.

In this study,10/15 participants in the PA group (66.7%) and 3/29
participants in the non-PA group (10.3%) had anti-PcrV titers
>1000 ng/ml. Similar to previous reports (Moss et al., 2001;
Banwart et al., 2002; Milagres et al., 2009), the elevation in anti-
PcrV titers is likely to reflect sensitization against chronic
P. aeruginosa infection of the respiratory tract.

With regard to the participants in the non-PA group who had
elevated anti-PcrV titers, past exposure to P. aeruginosa, although
not evident via microbiological tests, was considered possible from
the features of their underlying diseases: two had pulmonary non-
tuberculous mycobacteria infections and one had a congenital
immunodeficiency. Among the 10 participants with anti-PcrV
titers >1000 ng/ml in the PA group, five did not develop any acute P.
aeruginosa pneumonia, while the other five did. Among those five
participants, recurrent P. aeruginosa pneumonia was observed in
three patients; however, neither of the patients in the PA group
with higher anti-PcrV titers had a fatal course due to P. aeruginosa
infection.

Of note, this study included five patients in the PA group with
low anti-PcrV titers. This indicates that anti-PcrV levels are not
necessarily correlated with chronic P. aeruginosa respiratory tract
infection. As high anti-PcrV titers were observed in several
participants on immunosuppressants, the reason for the low
anti-PcrV titers among some participants in the PA group could not
be attributed to immunosuppressive therapy alone. The absence of
a history of P. aeruginosa pneumonia in three of the patients with
low anti-PcrV titers demonstrates that low anti-PcrV titers do not
necessarily contribute to susceptibility to P. aeruginosa respiratory
tract infection. The low anti-PcrV titer of patient E, one of the two
participants who died due to recurrent P. aeruginosa pneumonia,
could not be explained. This raises the possibility that some people
with recurrent P. aeruginosa pneumonia may have an unknown
underlying immunodeficiency.

It appears that this study is the first to report the variability in
anti-PcrV titers among patients with chronic P. aeruginosa respira-
tory tract infections without cystic fibrosis. The results suggest that
low anti-PcrV titers are not necessarily correlated with susceptibil-
ity to P. aeruginosa infection, although low anti-PcrV titers may
occasionally be associated with recurrent P. aeruginosa pneumonia
and death due to P. aeruginosa pneumonia.

Regarding the relationship between antibody levels and chronic
P. aeruginosa infection, Suarez-Cuartin et al. (2017) reported higher
anti-P. aeruginosa antibody levels in patients with bronchiectasis
and chronic P. aeruginosa infection. The antibody levels were
determined using a validated ELISA kit. In their study, the
sensitivity and specificity of anti-P. aeruginosa IgG was 95% and
74.4%, respectively, but contrary to the present study findings, the
researchers did not report an association between low anti-
P. aeruginosa antibody levels and chronic P. aeruginosa infection.
Until now, there have been very few descriptive studies that have
examined the relationship between P. aeruginosa respiratory tract
infection and antibodies to P. aeruginosa.

It is believed that this study is the first to demonstrate a
clinical relationship between low antibody levels and recur-
rent P. aeruginosa respiratory tract infection in people without
cystic fibrosis. This finding may partially explain the mechanisms
underlying recurrent P. aeruginosa respiratory tract infection.
The results of this study show that low anti-PcrV titers are
not always attributable to immunosuppressant therapy or
hypogammaglobulinemia, and raise the possibility of the exis-
tence of an immunodeficiency against a restricted bacterial factor.
Moreover, the variation in clinical outcome among participants
with low anti-PcrV titers indicates that factors other than
antibodies may contribute to the control of P. aeruginosa infection.
Further studies are necessary to examine the epidemiology and
pathology of anti-PcrV titers in P. aeruginosa respiratory tract
infection.
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This study has several limitations. First, it was conducted at a
single center and included a relatively small number of partic-
ipants. Second, the number of participants in the P. aeruginosa
group was too small to assess the role of anti-PcrV titers in each
phase of acute or chronic infection.

Although anti-PcrV titers largely reflect past P. aeruginosa
infection and do not become elevated immediately after the onset
of acute P. aeruginosa infection (Thaden et al., 2016), further studies
with a focus on the acute phase or the chronic phase would also be
worthwhile to elucidate the relationship between anti-PcrV titers
and P. aeruginosa respiratory tract infection more accurately.

In conclusion, this study demonstrated that anti-PcrV titer
levels vary considerably in people with chronic P. aeruginosa
respiratory tract infections. Anti-PcrV titers are not always
correlated with P. aeruginosa infection and its prognosis, and
people with refractory P. aeruginosa sometimes have low anti-PcrV
titers. Patients with refractory P. aeruginosa infections and low
anti-PcrV titers may have a poorer prognosis and thus need to be
monitored closely. Further research is necessary to elucidate the
role of anti-PcrV titers in the prevention of P. aeruginosa infection
of the lower respiratory tract.
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