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ARTICLE INFO ABSTRACT

Keywords: There are few data regarding adult protracted bacterial bronchitis (PBB). This study aimed to
Protracted bacterial bronchitis delineate the clinical features of PBB and evaluate their potential diagnostic value in adults. We
Adult

recruited 55 adult patients with PBB and selected randomly 220 patients with non-PBB as control.
A diagnosis of PBB was considered if patients had a cough lasting >3 weeks, no abnormalities of
chest computed tomography, positive bacterial culture in sputum and/or response well to oral
moxifloxacin for 1-4 weeks. The clinical manifestations and laboratory investigations were
compared between PBB patients and non-PBB patients. Of the 55 patients with PBB, approxi-
mately three-fifths (34, 61.8%) were females with a median age of 46.0 years, which were similar
to that of patients with non-PBB. We observed a shorter cough duration in PBB than non-PBB
(median 3.0 versus 24.0 months, p < 0.001). Compared to non-PBB patients, PBB patients had
higher incidences of productive cough, yellow phlegm and a sensation of mucus in the throat
(SMIT) (all p < 0.001). Sputum neutrophils and lymphocytes were markedly elevated in PBB
patients than non-PBB patients (both p = 0.004). Bacterial pathogens were detected in eight
(28.6%) of 28 cases with PBB. The multivariate analyses showed yellow phlegm, productive
cough, SMIT, increased sputum lymphocytes (>2.3%) and cough duration <8.5 months with
moderate sensitivity (50.9-81.8%) and moderate-high specificity (60.5-94.4%) for determining
PBB. In summary, adults with PBB are characterized by productive cough, yellow phlegm, SMIT
and neutrophilic airway inflammation. These cough features and increased sputum lymphocytes
may be useful to indicate PBB.

Clinical characteristics
Predicted value

1. Introduction

Protracted bacterial bronchitis (PBB) is a common cause of chronic cough in young children, which presents with wet cough,
neutrophilic airway inflammation and bacterial infection of the conducting airways [1]. To date, there are few data involving the
clinical characteristics of adult PBB. Martin and colleagues previously reported that the clinical features of idiopathic chronic pro-
ductive cough in adults were similar to pediatric PBB [2]. Of note, a significant proportion of them had a history of asthma, gastro-
esophageal reflux disease or upper airway cough syndrome (UACS). Another study showed that lower respiratory tract bacterial
infection accounted for approximately one-third of patients undergoing bronchoscopy due to idiopathic chronic cough [3], thereby
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suggesting that PBB might be misdiagnosed as unexplained cough.

Indeed, failure to characterize endobronchial infections could result in under-recognition of PBB as an important clinical entity in
children [4]. Microbiological-based diagnosis of PBB is still a challenging area thus far. Whereas, clinical characteristics were used as
potential predictors for the common causes of chronic cough, including cough variant asthma, nonasthmatic eosinophilic bronchitis
(NAEB) and UACS [5]. Identifying characteristics of PBB may assist clinicians to differentiate it from other causes of cough. This study,
thus, aimed to investigate the clinical and laboratory features of PBB, and evaluate the potential diagnostic value in the adult
population.

2. Materials and methods
2.1. Study design and participants

In this study, we consecutively screened patients with persistent cough from our cough database between January 2013 and
December 2020, in which all patients presented with cough as a sole or predominant symptom lasting more than 3 weeks at age >18
years without obvious abnormal chest image. Patients were excluded if they were pregnant women, or could not finish follow-up at the
early stages of evaluating cough-related causes, or had a ratio of forced expiratory volume in the first second to forced vital capacity of
less than 0.7, or had other conditions with potential infection (bronchiectasis, chronic bronchitis, chronic tonsillitis, etc.).

A standardized questionnaire was used in our cough database [5, 6]. We gathered information on demographics, smoking status,
cough features, concomitant symptoms, medical history, laboratory investigations, diagnosis and response to therapy. The cough
features included duration, timing, characteristics, sputum color and triggers. A modified diagnostic algorithm of cough was used to
determine the causes of cough in this study, as previously described (Figure S1) [6]. Given clinical diagnostic criteria of pediatric PBB
[71, a diagnosis of PBB was considered if patients met the following criteria: (1) cough lasting at least 3 weeks, (2) a normal or near
normal chest high-resolution computed tomography, (3) positive bacterial culture in sputum and/or good response to oral moxi-
floxacin for 1-4 weeks, (4) absence of evidences of alternative specific cause of cough (e.g., asthma, reflux disease, upper airway cough
syndrome). Herein, if a patient had eosinophilic airway inflammation or bronchial hyperresponsiveness confirmed by methacholine
provocation testing, the diagnosis of PBB would be not taken into account. The remaining eligible subjects were grouped as non-PBB.
We selected the non-PBB patients as control based on a 1:4 ratio of PBB to non-PBB randomly by SPSS software, with the purpose of
reducing the potential bias from the differences of sample size. The study protocol was approved by the Ethics Review Committees of
the First Affiliated Hospital of Guangzhou Medical University (IRB No. 201921). All patients provided written informed consents prior
to the study.

2.2. Cough severity assessment

The impact and severity of cough were evaluated in all enrolled subjects with persistent cough. Cough-related quality of life was
assessed using cough symptom score (CSS), which is a two-part questionnaire during the day and at night [8]. Cough severity was
measured using cough visual analogue scale (VAS), with a range of 0-100 mm, where 0 indicates no cough and 100 indicates for the
worst cough imaginable [9]. A responder was defined as a decline of cough VAS >15 mm or CSS >2 points after treatment [10, 11].

2.3. Differential cells in induced sputum

Induced sputum was obtained and processed as previously described [12]. Briefly, sputum was induced by inhalation of 3% hy-
pertonic saline for 21 min via an ultrasonic nebulizer. If no sufficient amount of qualified sputum was collected, the inhalation pro-
cedure was continued for a further 7 min. The cell smear was stained with hematoxylin and eosin for differential cell count. A total of
400 non-squamous cells were counted to obtain the differential count.

2.4. Sputum microbiological culture

If patients had an indicator of suspected tracheobronchial infection (e.g., productive cough or yellow phlegm production), they
were required to conduct the detection of microbial pathogens. Spontaneous sputum was obtained and sent to the hospital laboratory
for routine processing and bacterial culture [13]. A cut-off value of bacterial load >10° copies/mL was considered to be positive [14].

2.5. Statistical analysis

All statistical analyses were done with SPSS statistical software version 22.0 (SPSS Inc., Chicago, IL, USA). Continuous variables
were non-normally distributed and presented as medians and interquartile ranges (IQRs). The comparisons of skewed data were
analyzed by non-parametric Wilcoxon rank-sum tests within two groups. Categorical variables were expressed as frequencies and
proportions, and calculated by Chi-square tests or Fisher’s exact tests. A logistic regression test was used to evaluate the variables for
diagnosing PBB. Univariate logistic regression analysis was performed to screen significant variables. If the p-value for the variable was
<0.1, it was added to the multivariate regression model. Then, multiple logistic regression analysis was conducted with the method of
forward stepwise (likelihood ratio) to identify independent predictors for PBB after adjusting age and sex. P value < 0.05 was
considered as statistically significant.
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3. Results
3.1. Characteristics of the study population

A total of 1,235 patients underwent screening and 437 (35.4%) were excluded in this study (Figure 1). Among the remaining 798
cases, 55 (7.0%) had a diagnosis of suspected PBB, and 220 (27.6%) with non-PBB were randomly selected as control subjects by a 1:4
ratio of PBB to non-PBB. There were 207 (94.1%) patients with single cause and 13 (5.9%) patients with dual causes in the non-PBB
group. The four common causes included gastroesophageal reflux cough (51, 23.2%), asthmatic cough (35, 15.9%), NAEB (32, 14.5%),
as well as refractory or unexplained chronic cough (49, 22.3%) (Figure S2).

Of the 55 patients with PBB, approximately three-fifths (34, 61.8%) were females with a median (IQR) age of 46.0 (32.0-52.0)
years, which were similar to non-PBB (both p > 0.05) (Table 1). However, we observed a shorter cough duration in patients with PBB
than in patients with non-PBB (median [IQR]: 3.0 [1.4-8.5] versus 24.0 [9.0-90.0] months, p < 0.001). In addition, over half (31,
56.4%) of the patients with PBB had a cough lasting more than 8 weeks. Productive cough, yellow phlegm and a sensation of mucus in
the throat (SMIT) more frequently occurred in patients with PBB than those without (all p < 0.001). Moreover, many more patients
with PBB had upper respiratory tract infection (URTI) as an initiating factor (67.3% versus 42.7%, p = 0.001). No significant dif-
ferences were found in cough timing, triggers, severity, concomitant symptoms (besides SMIT) between groups (all p > 0.05).

3.2. Sputum cytology and bacterial culture

Sputum test for differential cells was performed in 44 subjects with PBB and 174 with non-PBB. Compared to patients with non-
PBB, those with PBB had higher percentage of neutrophils (median [IQR]: 81.8% [57.9-93.4%] versus 66.5% [35.2-83.6%], p =
0.004) and lymphocytes in sputum (median [IQR]: 2.2% [1.0-5.0%] versus 1.0% [0.5-2.4%], p = 0.004) (Figures 2a and 2b).

Of those patients who developed PBB, 28 (50.9%) out of 55 patients performed the bacterial culture of sputum. And positive
pathogenic bacteria were detected in eight (28.6%) patients. There were 7 cases with single pathogen and one case with dual path-
ogens, including Klebsiella pneumoniae (4, 14.3%), Haemophilus influenzae (2, 7.1%), Haemophilus parahaemolyticus (2, 7.1%) and
Pseudomonas aeruginosa (1, 3.6%).

3.3. The predictive value of clinical parameters for PBB

As depicted in Table 2, the results of the multivariate analyses, adjusted for age and sex, showed that yellow phlegm (OR 6.602,
95% CI 2.147-20.300), productive cough (OR 3.891, 95% CI 1.410-10.743), SMIT (OR 3.122, 95% CI 1.197-8.142), elevated sputum
lymphocytes level (OR 1.294, 95% CI 1.098-1.526) and cough duration (OR 0.985, 95% CI 0.972-0.998) remained independent
predictors for PBB in adults. For distinguishing PBB from non-PBB, the optimal cutoff point for cough duration was 8.5 months while

1,235 adults underwent screening

Excluded subjects (n=437) :

2=duration of cough <3 weeks

11=cough not as the predominant or sole symptom
20=FEV,/FVC <0.7

26=duplicated cases

36=a lack of diagnosis due to missing data
22=abnormal chest imaging

170=alternative identified etiologies with potential
infection

150=lost to follow-up

798 were eligible
743 had Non-PBB
random selection
ratio=1:4
55 had PBB 220 had Non-PBB

Figure 1. The flow diagram of patients screening. FEV;, forced expiratory volume in the first second; FVC, forced vital capacity; PBB, protracted
bacterial bronchitis.
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Table 1
Demographics and clinical characteristics between the PBB and the non-PBB group.

PBB (N = 55) non-PBB (N = 220) P-value
Female sex 34 (61.8) 112 (50.9) 0.147
Age (ys) 46.0 (32.0-52.0) 39.5 (30.0-53.0) 0.350
Smoking status
Never smoker 48 (87.3) 192 (87.3) 0.999
Ex-smoker 6 (10.9) 17 (7.7) 0.422
Current smoker 1(1.8) 11 (5.0) 0.470
Cough duration (mon) 3.0 (1.4-8.5) 24.0 (9.0-90.0) <0.001
Productive cough 45 (81.8) 69 (32.2) <0.001
Yellow phlegm 28 (50.9) 12 (5.6) <0.001
URTI as an initial factor 37 (67.3) 94 (42.7) 0.001
Seasonality 7 (12.7) 165 (22.2) 0.120
Occupational or environmental exposure 14 (25.5) 36 (16.4) 0.118
Timing of cough
Daily cough 48 (87.3) 194 (88.2) 0.853
Nocturnal cough 22 (40.0) 80 (36.4) 0.618
Triggers
Dust 27 (49.1) 96 (43.6) 0.467
Cold air 24 (43.6) 93 (42.3) 0.855
Cooking smell 25 (45.5) 102 (46.4) 0.904
Cigarette smoke 20 (36.4) 89 (40.5) 0.579
Lying down 10 (18.2) 36 (16.4) 0.747
Talking 18 (32.7) 85 (38.6) 0.418
Concomitant symptoms
Itchy throat 33 (60.0) 130 (59.1) 0.902
Itching below the throat 14 (25.5) 53 (24.1) 0.833
Pharyngeal foreign body sensation 20 (36.4) 82(37.3) 0.901
Throat clearing 16 (29.1) 90 (40.9) 0.107
SMIT 37 (67.3) 87 (39.5) <0.001
Postnasal dripping 16 (29.1) 49 (22.3) 0.287
Runny nose 15 (27.3) 60 (27.3) 0.999
Acid regurgitation 5(09.1) 38 (17.3) 0.135
Heartburn 50.1) 20 (9.1) 0.999
Cough severity evaluation
Cough VAS (mm) 3.0 (2.0-4.0) 3.0 (2.0-4.0) 0.236
Daytime cough scores 1.0 (1.0-2.0) 1.0 (1.0-2.0) 0.283
Night-time cough scores 50.0 (30.0-70.0) 60.0 (50.0-70.0) 0.292
Medical history
Rhinitis 9 (16.4) 52 (23.6) 0.246
Sinusitis 6 (10.9) 31 (14.1) 0.536

Continuous variables were expressed as median (inter-quartile range, IQR). Categorical variables were presented as n (%). Among 220 patients with
non-PBB, cough characteristics and sputum color were recorded in 214 patients, and cough seasonality in 212 patients. PBB: protracted bacterial

bronchitis; URTIL: upper respiratory tract infection; SMIT: a sensation of mucus in the throat; VAS: visual analogue scale.
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Figure 2. Sputum neutrophils (a) and lymphocytes (b) between the PBB (N = 44) and non-PBB (N = 174) group. PBB, protracted bacte-

rial bronchitis.

that for sputum lymphocytes was 2.3% (Figure S3). Of these predictors, yellow phlegm had the highest specificity of 94.4% and a
moderate sensitivity of 50.9% (Table 3). In addition, the sensitivity of productive cough, SMIT, sputum lymphocytes >2.3% and cough

duration <8.5 months were 51.2-81.8%, and their specificity were 60.5-75.6%.
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Table 2
Univariate and multiple logistic regression of predictors of PBB.
Univariate Multivariate
Odds Ratio 95% CI P-value Odds Ratio 95% CI P-value
Cough duration, months 0.970 0.955-0.986 <0.001 0.985 0.972-0.998 0.029
Productive cough 8.875 4.228-18.631 <0.001 3.891 1.410-10.743 0.009
Yellow phlegm 17.457 7.950-38.331 <0.001 6.602 2.147-20.300 0.001
SMIT 3.119 1.670-5.826 <0.001 3.122 1.197-8.142 0.020
Sputum Lym% 1.226 1.088-1.383 0.001 1.294 1.098-1.526 0.002
Previous history of URTI 2.755 1.477-5.139 0.001
Before-sleep cough 1.774 0.912-3.450 0.091
Sputum Neu% 1.018 1.004-1.033 0.013

PBB: protracted bacterial bronchitis; SMIT: a sensation of mucus in the throat; Lym: lymphocyte; URTL: upper respiratory tract infection; Neu:
neutrophil; CI: confidence interval.

4. Discussion

Using data from the cough database, we found that patients with PBB were characterized by productive cough, yellow sputum,
SMIT and neutrophilic airway inflammation. Furthermore, these cough features and increased sputum lymphocytes may be useful in
indicating adult PBB. These findings advance our understanding of PBB in adults and are conducive to improve diagnostic accuracy.

Our results showed that the majority of PBB patients were females with a middle-aged predominance. PBB and bronchiectasis
might represent different parts of the same underlying process of endobronchial infection and inflammation [15]. Previous studies
revealed that bronchiectasis mostly occurred in women, which was associated with heightened capsaicin cough sensitivity in females
[16, 17]. Similarly, the maximum tolerable dose of inhaled capsaicin was lower in female patients with chronic cough [6, 18]. Thus,
the preponderance of females in PBB may be explained by sex-related difference in the cough reflex sensitivity, just like bronchiectasis
and chronic cough. In clinical practice, some female patients seeking medical help often complained of troublesome coughing sec-
ondary to childbirth. For general female individuals, there was a reduction in T-helper 1 pro-inflammatory immune molecules with a
simultaneous increase in T-helper 2 immune molecules during pregnancy [19]. This immunomodulatory effects could directly
contribute to an overall female-bias in susceptibility to infection compared to males [20]. In other words, decreased immunity to viral
or bacterial infection may be another important reason for why more females had PBB.

The median duration of patients with PBB was 3.0 (IQR 1.4-8.5) months and over half of them had a cough lasting longer than 8
weeks in the present study, indicating adult PPB not only occurred in subacute cough but also in chronic cough. Although many
patients had been treated with antibiotics before this visit, cephalosporins were used commonly in community hospitals in China.
However, atypical pathogens, as one of possible causative organisms of PBB, could be not cleared by cephalosporins. In addition to the
type of antibiotics, the duration of initial antibiotic treatment was considered as an important factor and significantly associated with
recurrent PBB in children [21]. Despite we did not collect the information of initial antibiotic course in adults with PBB, inappropriate
antibiotics use was very common in patients with chronic cough in China [22]. It was therefore reasonable to believe that many
patients with PBB might not receive proper and efficient treatment and developed into chronic cough.

Chronic wet cough was the most leading complaint in pediatric PBB [1]. Likewise, our study demonstrated that productive cough
mostly occurred in patients with PBB, and was one of independent factors for diagnosing PBB. The proliferation and hypertrophy of
goblet cells were possible potential mechanisms for endobronchial mucus hypersecretion [23]. In addition, we also found that yellow
phlegm appeared in approximately half of PBB patients with the highest specificity (94.4%) and a moderate sensitivity (50.9%) for
determining PBB. A pooled analysis on acute exacerbations of chronic bronchitis showed that sputum color, particularly green and
yellow, was a strong predictor of potential pathogenic bacteria [24]. Both PBB and chronic bronchitis are deemed to be chronic in-
flammatory disorders of the bronchus. Thus, we think that yellow phlegm is likely to be a marker of bacterial infection in patients with
persistent cough. Of note, sputum color did not predict the need for antibiotic treatment in patients with acute exacerbation of chronic
bronchitis [24]. Further study was needed.

In addition to productive cough, recurrent wheeze was often reported by parents in children with PBB, which might tend to
misdiagnose as asthma [25]. However, adult patients with PBB hardly presented wheeze. Moreover, all patients had performed
bronchial challenge and induced sputum test for differential cell count. If the patients had airway hyper-responsiveness or sputum

Table 3

Predictive value of clinical features for PBB.
Variables Sensitivity Specificity
Cough duration <8.5 months 75.9% 75.6%
Productive cough 81.8% 67.8%
Yellow phlegm 50.9% 94.4%
SMIT 67.3% 60.5%
Sputum Lym >2.3% 51.2% 74.9%

PBB: protracted bacterial bronchitis; SMIT: a sensation of mucus in the throat; Lym: lymphocyte.
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eosinophilia, the diagnosis of PBB would not be considered in those patients. Therefore, there was little possibility that asthma patients
were enrolled in the PBB group. In the clinical settings, what differentiated the two conditions were mainly the type of cough (often wet
cough in PBB and dry and/or nocturnal in asthma), positive bronchial provocation test in asthma, and good response to antimicrobial
agents in PBB [26].

Many patients with chronic cough had laryngeal hypersensitivity, such as laryngeal paresthesia [27]. In our study, SMIT was an
independent predictor of adult PBB with moderate sensitivity (76.9%) and specificity (58.7%). It was also considered as one of clinical
features of UACS [28], which was associated with excessive mucus from the nose adhering to the throat. Moreover, SMIT mostly
occurred in laryngopharyngeal reflux disease as well [29]. However, reflux-related symptoms were less described in patients with PBB
in the current study. Additionally, Ogawa and colleagues found that SMIT was an important clinical manifestation in patients with
fungus-associated chronic cough [30]. In the subsequent studies, they reported that significant improvements of SMIT and cough were
observed after antifungal treatment [31, 32], suggesting a link between fungal infection and SMIT. Although we did not perform the
detection of pathogenic fungi in many patients, fungal atopy or infection could not explain the reasons for prolonged cough in PBB
patients. The underlying mechanisms of SMIT are not yet well understood in patients with PBB. Adults with PBB had increased
percentages of neutrophils in the lower airways, as described in pediatric PBB [1]. In addition to airway neutrophilia, we also observed
a significant elevated level of sputum lymphocytes in adults with PBB than those with non-PBB. Similarly, bronchoalveolar lavage fluid
(BALF) lymphocytosis was also reported in a cohort of subjects with unexplained chronic cough [33], and we speculated that these
patients were likely to had potential infection. Majorities of chronic cough patients complained of a preceding viral infection and
developed a persistent cough in our study population. Perhaps, the increased lymphocytes in sputum were induced by the viral
infection initially. Moreover, there was another possibility that higher airway lymphocytes may be merely the consequence of a
decrease in the proportion of other inflammatory cells.

With respect to pathogenic bacteria of adult PBB, our results suggested that slight differences existed in comparison with the
findings of children PBB. The common pathogenic microorganisms of pediatric PBB included Haemophilus influenzae, Streptococcus
pneumoniae and Moraxella catarrhalis, respectively [1]. Martin et al. also observed similar pathogens in idiopathic chronic productive
cough [34]. In our study, Klebsiella pneumoniae, Haemophilus parahaemolyticus and Pseudomonas aeruginosa were identified in the
cases with PBB, which were less described in pediatric PBB. It was worth noting that BALF sample was commonly used in children [1],
The sensitivity of culture in sputum was lower than that in BALF. In addition, many factors, including medication history, detection
methods and host’s immune status, might affect the results of bacterial culture. Consequently, an unmet need for pathogenic organisms
should be fulfilled in the further prospective studies.

Ideally, a lower airway specimen for microbiologic testing can be obtained before treatment in infectious disorders [35]. The
original definition of children PBB required positive culture of respiratory pathogens from BALF [1]. Indeed, obtaining BALF via
bronchoscopy for each patient with suspected PBB is impractical in most clinical settings [35]. Moreover, there is a situation of
antibiotic abuse in primary and secondary medical institutions [22, 36], possibly leading to reduce the detection rate of bacterial
pathogens. From a pragmatic perspective, researchers proposed that the criterion of recognizing respiratory bacterial pathogens
growing in sputum or in BALF was replaced by absence of other causes of wet/productive cough during the diagnostic process of
children PBB [35]. Furthermore, the definition of clinically based PBB have been gradually recognized and applied in clinical practice
[37, 38, 39, 401, and recommended by the British Thoracic Society guidelines [41]. Therefore, the clinically based definition of PBB
was also utilized in the current study. It is worthy note that other potential causes of persistent cough had been ruled out by
comprehensive investigations or empiric treatment, and good responses to antibiotic treatment were observed in those patients with
PBB. We believe that the definition of clinically based PBB is of great promise in clinical practice and researches. In the future, further
study is required to enlarge the sample size to validate the definition and clinical features of clinically-based PBB among the adult
population.

There are several limitations in our study. Firstly, this is a single center study with small sample size, which may not reflect the real
situation in clinical practice. Secondly, although productive cough was common in adults with PBB, some patients could not cough up
qualified sputum for bacterial culture, thereby lacking of etiological results. Therefore, the diagnosis of PBB may be not very accurate.
Lastly, moxifloxacin was used to treatment suspected PBB patients in our study, which is effective to atypical pathogens such as
mycoplasma and chlamydia. Thus, atypical pathogenic infection could not be ruled out in patients with PBB in the current study. Here,
we think that the term “protracted infectious bronchitis” may be more suitable for these kind of patients.

5. Conclusions

Our study shows that adult patients with PBB were characterized by productive cough, yellow phlegm, SMIT and neutrophilic
airway inflammation. In addition, these cough characteristics and elevated sputum lymphocytes can be utilized to indicate diagnosis of
PBB and guide the treatment, especially in patients with suspected infection who failed to detect pathogens.
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