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Abstract

Pertussis is highly prevalent in chronic obstructive pulmonary disease (COPD) patients, but it
is underrecognized and underreported in India. This study aims to assess the burden and
impact of pertussis in patients with COPD acute exacerbations and also evaluates the
correlation between pertussis and COPD exacerbation. This is a prospective, observational,
cross-sectional study enrolling 250 COPD patients admitted with moderate to severe
exacerbation. Relevant investigations and oropharyngeal swabs for pertussis were collected
from the study subjects. Among 250 patients with COPD acute exacerbation, a throat swab
was positive for Bordetella pertussis in 40 (16.1%) of subjects. Among positive subjects, 45%
had moderate and 55% had severe exacerbation. Pertussis-positive subjects had statistically
significantly higher COPD assessment test scores (p=0.02), more exacerbations in the past year
(p=0.03), associated coronary artery disease (p=0.007), pulmonary hypertension (p=0.001),
significantly lower forced expiratory volume in 1 second values (p=0.04), exercise-induced
desaturation (p=0.02), and belonged to group E GOLD category (p=0.01), compared to
negative subjects with no significant difference in mortality. 55% of pertussis-positive patients
required intensive care unit (ICU) admission compared to negative subjects (p=0.04). Further,
within swab-positive patients, physiological indicators like peripheral oxygen saturation and
diffusing capacity of the lung for carbon monoxide significantly predicted ICU need. This study
demonstrates that COPD patients are potentially at increased risk of pertussis infection, and
there is an association between pertussis infection and COPD severity. Vaccination coverage
against pertussis among COPD patients is negligible. Large multicenter studies are required to

establish the true burden of pertussis in COPD patients, including the healthcare costs.
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Introduction

Chronic obstructive pulmonary disease (COPD) is the third leading cause of death worldwide,
causing approximately 5% of all global deaths, and 90% of deaths occur in low and middle-
income countries [1]. Chronic inflammation, which is a hallmark feature of COPD, contributes
to lung damage, compromises innate and adaptive immune responses, and facilitates recurrent
episodes of respiratory infection that further contribute to the pathological manifestations of
the stable disease [2]. Exacerbations triggered by respiratory infections are responsible for
accelerated decline in lung function, increased hospital admissions and mortality, and
deteriorated quality of life [3,4]. However, evidence is scarce on the effect of pertussis in
exacerbating these conditions.

Pertussis is a highly contagious respiratory illness mostly caused by a Gram-negative,
pleomorphic, aerobic coccobacillus, Bordetella pertussis, which is transmitted directly from
the infected to the susceptible subject [5]. Pertussis is well known to cause significant morbidity
and mortality in young children [6-8]. In adults, the diagnosis is challenging as the clinical
presentation is atypical, with less than half of them demonstrating whooping cough [9]. In a
study conducted in the US, among adults hospitalized for pertussis, 18.8% had COPD (26.8%
of those aged >65 years) [10], which was higher than the overall prevalence of COPD in the
US (6.1% [11.9% of those aged > 65 years]) [11], and patients with COPD or asthma
experienced a higher burden of pertussis and its complications compared with the general
population [12]. Emerging data from countries like Europe and Italy have shown that not only
COPD patients infected with pertussis could also experience exacerbation [13], but also
underlying COPD increases the risk of a more severe presentation of pertussis [14].

Even though the Centers for Disease Control and Prevention-Advisory Committee on
Immunization Practices (CDC-ACIP) recommended routine administration of Tdap booster for
adolescents in 2005, the vaccine coverage remains low in the US, with only 56% of
adolescents and 8.2% of adults vaccinated in 2012 [15,16]. The CDC recommends Tdap
vaccination in adults with COPD who are not vaccinated in adolescence [17], and Tdap
vaccination has been included in the non-pharmacological treatment of COPD in the GOLD
2021 guidelines onwards.

India has been employing whole-cell (wP/DTwP) vaccines in the national immunization
program since 1978 [18]. Acellular (aP/DTaP) vaccines are mainly prescribed by the private
sector, and coverage is still minuscule. Pertussis continues to be a serious public health
problem, mainly among young children in India, and according to WHO, 4949 cases of
pertussis were reported in 2023 [19]. There is no data on the coverage of Tdap in adolescents
and adults in India since it is being used exclusively in the private health sector. As there are

no Indian studies about the impact of pertussis in the COPD population, this study will be an



eye-opener of Indian data for pertussis in COPD patients and also emphasize the Tdap

vaccination in COPD.

Materials and Methods

This prospective, cross-sectional observational study was conducted in the Department of
Respiratory Medicine, Rajarajeswari Medical College and Hospital, Bangalore, affiliated to Dr.
M.G.R. Educational and Research Institute, from March 2023 to September 2024. All the
willing consecutive patients admitted to the department with the diagnosis of COPD acute
exacerbation were enrolled in the study after screening for the inclusion and exclusion criteria.
Written informed consent was taken from all the subjects, and ethical committee approval was
taken from the Institutional Ethics Committee (RRMCH-IEC/94/2021), and the study was
preregistered on clinicaltrials.gov, reference number CTRI/2023/03/050495.

Both male and female patients aged 40-75 years with a clinical diagnosis of COPD with
moderate to severe exacerbation were included in the study. Moderate exacerbation was
defined as an exacerbation without respiratory failure and treated with parenteral
corticosteroids with or without antibiotics. Severe exacerbation — Type 1 / type 2 respiratory
failure treated with parenteral corticosteroids and antibiotics. Patients with severe exacerbation
requiring invasive/non-invasive ventilation were considered for ICU care. Patients with chronic
lung diseases other than COPD, like lung cancer, and active tuberculosis, patients with life-
threatening pulmonary embolism, patients who have undergone lung resection, and patients
on immunosuppressive medications were excluded from the study.

The sample size was calculated as 250 patients using the formula:

N = Z2 pg/d?

N = minimum sample size required

Z = critical ratio of the confidence interval at 5% error, Z is 1.96

p = Prevalence of pertussis in COPD patients

q=1p

d = Allowable error on prevalence

Baseline data of all study subjects were collected, including demographics, duration of
symptoms, smoking history, treatment history, occupational history, biomass exposure,
number of exacerbations in the last year, underlying comorbidities, and medication history.
All the subjects underwent a detailed physical examination and routine blood investigations,
including complete blood count, renal function test, liver function test, serum electrolytes,
ABG, chest x-ray, ECG, 2D echo, sputum gram stain and culture sensitivity, spirometry, DLCO,

and six-minute walk test (6MWT) were done.



Oropharyngeal swab for B. Pertussis was collected from the study subjects after admission and
was stored at - 80°C until analyzed. DNA was extracted and tested for B. Pertussis by real-time
PCR technique (HELINI Bordetella Pertussis Real-time PCR, G-LifeScience Solutions Pvt Ltd,

Bangalore).

Statistical analysis

Statistical analysis was done using descriptive statistics to summarize the data and Inferential
statistics. Chi-square was used to determine the association between attributes. The Z-test
proportion and t-test were used to identify significant differences between groups using the
Software MS Excel and SPSS V23. Multivariate logistic regression was used to predict ICU
admission parameters. Receiver operating characteristic (ROC) curve analysis was performed
to calculate AUC for ICU-related parameters. Rotated ROC curve was used to determine the
cutoff for an ICU-related parameter using Youden’s Index maximization, plotted using
geometric means. All the statistical analysis was carried out at a 5% level of significance, and

a p-value of < 0.05 was considered significant.

Results

Around 250 subjects were enrolled in the study after satisfying the inclusion and exclusion
criteria. Table 1 demonstrates the demographic and laboratory data of the study subjects. The
mean age of the study subjects was 66.45+7.16 years, with a BMI of 20.36+3.67. 75.6% were
males. The mean CAT score was 18.58+6.44. About 62% of subjects had a previous history of
exacerbation, and hypertension was the predominant comorbidity, followed by diabetes
mellitus and coronary artery disease. Half of the enrolled subjects belonged to group E GOLD
category, and 22.6% had associated pulmonary hypertension. 62% had moderate
exacerbation and were admitted to the wards, and 38% had severe exacerbation requiring ICU
admission. Sputum culture showed normal commensals in 75.2% of subjects with Klebsiella
pneumonia, Pseudomonas aeruginosa, and Candida species accounting for 19.7%, 4.4%, and
0.7% respectively. Mean FEV1/FVC ratio was 0.59+0.1 with FEV1 of 47.61+15, and 45.3% of
subjects demonstrating exercise-induced desaturation. The throat swab was positive for B.
Pertussis in 40 (16.1%) of subjects. Among positive subjects, 45% had moderate and 55% had
severe exacerbation. Mortality rate among admitted patients was 1.6%.

On comparing the pertussis-positive patients with the pertussis-negative patients (Table 2),
there was no statistically significant difference in age, gender, and BMI. However, pertussis-
positive subjects had higher CAT scores (p=0.02), more exacerbations in the past year
(p=0.03), associated CAD (p=0.007), pulmonary hypertension (p=0.001), and belonged to
group E GOLD category (p=0.01), which was statistically significant. 55% of pertussis-positive



patients required ICU admission as compared to 34.7% of negative subjects (p=0.04). Sputum
culture grew a significant number of pathological bacteria (p=0.04) in positive subjects.
Positive subjects had significantly lower FEV1 values (p=0.04), and exercise-induced
desaturation (p=0.02) compared to negative subjects, with no significant difference in
mortality.

The multivariate regression model (Table 3) identifies key physiological predictors of ICU
admission among patients with swab-positive COPD. Baseline SpO, (OR-1.607, p<0.0001)
was a strong predictor, followed by DLCO (OR-1.043, p=0.017). Higher probability predictors
were considered for further ROC analysis. The AUC was highest for SpO, < 90% (0.884),
followed by DLCO < 64% (0.668), and 6MWD% < 64% predicted (0.594) (Figures 1 and 2)

among swab-positive COPD patients requiring ICU care.

Discussion

Several studies have shown a higher burden of pertussis and its complications in COPD
patients compared with the general population [12,14,20,21]. The association between COPD
and pertussis in clinical settings has not been investigated extensively, particularly in India.
Also, the overall burden of pertussis in COPD patients is unclear in the Indian context.

This prospective cross-sectional study assessed the burden and impact of pertussis in patients
with COPD acute exacerbation and also evaluated the correlation between pertussis and
COPD exacerbation. In our study, the prevalence of pertussis by PCR technique among
hospitalized patients with COPD exacerbation was 16.1%, which was similar to a recent
seroprevalence study from England (13.8%) [20], suggesting that patients with COPD are at
increased risk of pertussis. All the pertussis-positive patients were aged > 60 years (72% were
aged >65 years), reflecting increased morbidity of pertussis in older adult COPD patients.
COPD is a chronic progressive inflammatory disease with structural modifications of the
respiratory tract with hyper-production of mucus, defects in the ciliated epithelium, and a
deficiency in innate and acquired immunity [21]. Respiratory system dysbiosis in patients with
COPD increases the susceptibility to bacterial and viral infections that could trigger acute
COPD exacerbations [21,22], which was evident in the present study.

Recent studies have shown B pertussis as an intracellular microorganism that is capable of
proliferation within the cells of respiratory origin, such as alveolar macrophages and epithelial
cells, causing chronic infections [21]. Different mechanisms like adhesion, secretion of
different toxins effective on various cells, and antigenic changes have been found to facilitate
the intracellular survival of B. pertussis. This compromised lung function and immune response
caused by B pertussis make COPD patients more vulnerable to secondary bacterial infections,

often leading to exacerbations. Furthermore, those who develop pertussis could experience



exacerbation of their pre-existing COPD and further susceptibility to other infections, resulting
in a vicious cycle [14]. This was evident in our study, where secondary bacterial infections
were more common among pertussis-positive COPD patients. Also, pertussis-positive patients
had a significantly higher number of exacerbations in the past year.

A study from Iran demonstrated a statistically significant association between COPD and anti-
pertussis toxin 1gG seropositivity, indicative of past infection, although there was no
association between B. pertussis seroprevalence and severity of COPD in the study [23].
However, in our study, we noted a significant association between pertussis and the severity
of COPD in terms of the GOLD assessment tool, CAT score, significantly lower FEV1 values,
exercise-induced desaturation, and severe pulmonary hypertension. Also significantly higher
number of pertussis-positive patients had severe COPD exacerbation requiring ICU care.
Further, within swab-positive patients, physiological indicators like SpO, and DLCO
significantly predicted ICU need, emphasizing the fact that the progression of COPD may be
promoted by pertussis, creating a vicious cycle for the patients. Significant eosinopenia among
the positive patients may be attributed to higher doses of inhaled corticosteroid therapy, as the
majority (67.5%) of these patients belonged to GOLD E category compared to negative
patients.

Microbiological diagnosis of pertussis is challenging. Culture is regarded as the gold standard
for diagnosis, exhibiting 100% specificity but only 20%-80% sensitivity, and it requires special
media and extended incubation [24]. Conversely, molecular tests are rapid with excellent
sensitivity. Additionally, PCR assays that include multiple target sequences enable speciation
among B. species. Serology can be performed much later in the course of the disease
compared to culture and PCR. The optimal timing for pertussis diagnostic testing, according to
the CDC, is illustrated in Figure 3 [24]. In our study, we used a PCR assay for diagnosing
pertussis, as there is no international threshold for seropositivity indicative of previous pertussis
infection, and culture is cumbersome.

Pertussis continues to be a serious public health problem in India and continues mainly to be
a problem of young children. DPT coverage in India among children is only 75%, and there is
no data on the coverage of Tdap in adolescents and adults. In our country, there are various
adult vaccination recommendations against B. Pertussis, but none have been nationally
adopted [25]. Further, over 2/3 of Indian adults are not aware of adult vaccination [26]. This
was evident in our study, as none of the study subjects had received the Tdap vaccination.
Hence, there is an unmet need for Tdap vaccination in COPD patients in the Indian context.
Our study has a few limitations. There was no control group in the present study. We did not

analyze the cost of healthcare utilization by these patients. Healthcare visits post-discharge



were not assessed, as studies have shown that all-cause hospitalization rates were higher in

pertussis patients with COPD up to 6 months post-discharge [14].

Conclusions

Our results indicate that COPD patients are potentially at an increased risk of pertussis
infection, and there is a correlation between pertussis infection and COPD severity.
Vaccination coverage for pertussis among COPD patients is minimal. Large multicenter studies
are necessary to determine the true burden and impact of pertussis in COPD patients, including

healthcare costs, and to develop vaccination strategies for these at-risk groups.
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Table 1. Baseline characteristics of study subjects.

Variables n=250

Age (years) 66.45+7.16
Gender (female/male), n (%) 61 (24.4)/ 189(75.6)
BMI (kg/mz) 20.36+3.67
CAT score 20.58+6.44
Exacerbation in past 1 year, n (%) 155 (62)
Comorbidities - Hypertension, n (%) 100(40.1)
Diabetes mellitus, n (%) 71 (28.5)
CAD, n (%) 27 (10.9)
GOLD assessment tool

Group A, n (%) 31(12.4)
Group B, n (%) 91 (36.5)
Group E, n (%) 128 (51.1)
Present exacerbation

Moderate, n (%) 155 (62)
Severe, n (%) 95 (38)
Baseline saturation 90.43+8.17
Total count (cell/mm?) 10.06+3.59
Neutrophils (%) 74.13+14.58
Eosinophils (%) 1.35+2.1
Pulmonary hypertension, n (%) 57 (22.6)
Sputum culture

Normal commensal, n (%) 188 (75.2)
Klebsiella pneumoniae, n (%) 49 (19.7)
Pseudomonas aeruginosa, n (%) 11 (4.4)
Candida species, n (%) 2(0.7)
FEV1/FVC (%) 0.59+0.1
FEV1 (%) 47.61+15
FVC (%) 56.39+13.49
BDR, n (%) 13 (5.1)
DLCO (%) 68.42+21.11
6MWD (m) 406.82+34.28
6MWT - desaturation, n (%) 113 (45.3)
Positive throat swab for pertussis, n (%) 40 (16.1)
Outcome (death), n (%) 4 (1.6)

Results are presented as mean + standard deviation. CAT, COPD assessment tool; CAD,
coronary artery disease; BDR, bronchodilator reversibility; DLCO, diffusing capacity of lung
for carbon monoxide; 6BMWD, 6-minute walk distance.



Table 2. Comparison between Pertussis positive and negative COPD patients

. Pertussis positive | Pertussis negative
Variables (n=4F:)) (n=21 0% P
Age (years) 66.45+7.16 66.3+9.98 0.94
Gender (female/male) 15/25 46/164 0.14
BMI (kg/m2) 19.6+2.7 20.5+3.82 0.29
CAT score 18.31+6.63 19.95+5.31 0.02
Exacerbation in past 1 year, n (%) 26 (65) 129 (61.4) 0.03
Comorbidities - Hypertension, n (%) 18 (45) 82 (39) 0.57
Diabetes mellitus, n (%) 13 (32.5) 58 (27.6) 0.7
CAD, n (%) 11 (27.5) 16 (7.6) 0.007
GOLD assessment tool
Group A, n (%) 2 (5) 29 (13.8)
Group B, n (%) 11(27.5) 80 (38.09) 0.01
Group E, n (%) 27 (67.5) 101 (48.09)
Present exacerbation
Moderate, n (%) 18 (45) 137 (65.2) 0.04
Severe, n (%) 22 (55) 73 (34.7) ’
Baseline saturation 90.5+£5.17 90.42+8.64 0.95
Total count (cell/mm?) 10.42+3.94 10+3.54 0.6
Neutrophils (%) 73.5+13.73 74.25+14.79 0.82
Eosinophils (%) 0.75+1.24 1.46+2.21 0.04
Pulmonary hypertension, n (%) 9 (22.5) 15 (7.14) 0.001
Sputum culture
Normal commensal, n (%) 18 (45) 170 (80.9)
Klebsiella pneumoniae, n (%) 16(40) 33 (15.7) 0.04
Pseudomonas aeruginosa, n (%) 4 (10) 7 (3.3) '
Candida species, n (%) 2 (5) 0
FEV1/FVC (%) 0.58+0.08 0.59+0.1 0.65
FEV1 (%) 41.45+15.48 48.02+14.93 0.04
FVC (%) 55.68+16.78 56.52+12.85 0.7
BDR, n (%) 13 (5.1) 20 (9.52) 0.06
DLCO (%) 64.91+17.79 69.91+11.78 0.39
6MWD (m) 416.88+35.28 461.06+36.08 0.07
6MWT - desaturation, n (%) 27 (67.5) 86 (40.9) 0.02
Outcome, n (%) 2 (5) 2 (0.95) 0.06

Results are presented as mean + standard deviation. CAT, COPD assessment tool; CAD,
coronary artery disease; BDR, bronchodilator reversibility; DLCO, diffusing capacity of lung
for carbon monoxide; 6BMWD, 6-minute walk distance.




Table 3. Multivariate logistic regression output among pertussis-positive subjects requiring

ICU admission.

Variables B coefficient | Odds ratio (OR) | 95% CI for OR p
Baseline Spo: 0.475 1.607 1.339-1.930 <0.0001
DLCO 0.042 1.043 1.008-1.079 0.017
oMWD% 0.046 1.047 0.996-1.101 0.074
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Figure 1. ROC curve from multivariate logistic model for predicting ICU admission among
pertussis-positive subjects.
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Figure 2. Rotated ROC curve showing the optimal cut-off points for predicting ICU admission
among pertussis-positive subjects.
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Figure 3. Optimal timing for pertussis diagnostic testing.
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