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Abstract t 

AA six months follow-up study was performed to study the presence of Haemophilus 

influenzaeinfluenzae (H. influenzae) in chronic bronchitis (CB) patients with a documented history 

off recurrent infections with H. influenzae. The isolated H. influenzae strains were analyzed 

genotypicallyy and for major outer membrane protein variation to determine persistence of 

aa distinct strain. Persistence of H. influenzae is facilitated by airway inflammation. Thus, it 

wass reasoned that reduction of airway inflammation may reduce bacterial persistence. This 

wass studied in a double-blind, placebo-controlled clinical trial. After a 4 week run-in 

period,, the patients were treated with inhaled budesonide (BUD; 800 u.g bid; n = 7), oral 

N-acetylcysteinee (NAC; 600 mg tid; n = 7) or placebo (n = 5) for 12 weeks. Airway 

inflammationn was assessed by the analysis of the sputum sol phase of spontaneously 

expectoratedd sputum. 

Wee demonstrated that the airways of these CB patients were persistently infected with 

H.H. influenzae. We observed either persistence of a distinct strain (with or without antigenic 

variants),, recurrent infections with unrelated strains, or a combination of both. 

Exacerbationss coincided with an endogenous reinfection (antigenic variant of the previously 

culturedd strain) or an exogenous reinfection (unrelated strain) in part of the patients. In the 

others,, distinct strains were present both before and after an exacerbation. The number of 

H.H. influenzae-poslt'we sputum samples did not change significantly upon active treatment 

withh either BUD or NAC. Antigenic variation occurred in all groups in a similar frequency. 

Inn the NAC-treated group, however, slightly more new, unrelated strains were cultured after 

treatmentt compared to the other groups. Local airway inflammation as assessed by plasma 

proteinn exudation, interleukin-8 levels, and neutrophil content did not change upon either 

treatment.. This is the first report describing the dynamics of H. influenzae infection in 

typicall CB patients. Furthermore, it appears that the tested medication does not markedly 

changee the dynamics of H. influenzae infection in CB. 

Introduction n 

Chronicc infections of the lower respiratory tract with nonencapsulated Haemophilus 

influenzaeinfluenzae are prominent in chronic bronchitis patients [1,2]. Despite high levels of specific 

antibodiess in the lower airways and antibiotic treatment, sputum cultures in these patients 

remainn positive for H. influenzae [3,4]. We have previously demonstrated by analyses of 
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bacteriall isolates from patients with chronic obstructive pulmonary disease (COPD), 

phenotypicallyy by major outer membrane protein (MOMP) subtyping [5] and genotypically 

byy DNA fingerprinting after restriction endonuclease digestion [6], that some H. influenzae 

strainss persisted in the airways for many months whereas others were isolated only once 

[4].. During persistence, H. influenzae may show antigenic variation of MOMPs [3,4,7,8], 

whichh allows escape from immune surveillance and thus is considered an essential aspect 

off bacterial persistence [9-11]. This indicates that chronic H. influenzae infections in these 

patientss may be due to persistence of a specific strain that may show antigenic variation, 

orr to recurrent infections with different H. influenzae strains. Since, however, most of the 

COPDD patients in which we studied persistence of H. influenzae previously [4], were non-

smokerssmokers living in a home for the elderly, these patients probably represented a selected 

populationn with relatively advanced airway disease. Furthermore, we have previously 

demonstratedd in a small group of COPD patients that exacerbations in these patients 

coincidedd with the occurrence of either an antigenic variant of the strain that was cultured 

beforee (endogenous reinfection) or a new, unrelated strain (exogenous reinfection). These 

patientss were, however, not chronically infected, but had a history of exacerbations 

intermingledd with periods free of infection [4]. 

Locall airway inflammation [12,13] is considered to facilitate bacterial infection in 

chronicc bronchitis patients [14], among others by reducing ciliary function [15,16], by 

inducingg mucus hypersecretion [17,18] and by causing damage to the airway epithelium 

[15].. In a model consisting of resected human nasal turbinates, Read and coworkers [19] 

havee demonstrated that H. influenzae adhered only to epithelial cells and extracellular 

matrixx components after the epithelium was damaged. This indicates that local 

inflammationn may promote bacterial adherence thus enabling infection and persistence. 

Inhaledd corticosteroids are widely used in the treatment of patients with inflammatory 

airwayss disease. The role of inhaled corticosteroids in the treatment of chronic bronchitis 

andd COPD is not fully elucidated [20], however, in patients with smoking-related chronic 

bronchitiss without bacterial infection inhaled corticosteroids have been shown to reduce 

locall airway inflammation [21-23]. Anti-inflammatory treatment may prevent adherence of 

H.H. influenzae, and thus its persistence by reducing epithelial damage. 

Treatmentt with oral N-acetylcysteine (NAC) has been shown to facilitate sputum 

expectorationn by reducing sputum viscosity and purulence [24,25]. In several large trials, 

NACC was shown to cause a reduction in the rate of infectious exacerbations in patients with 

chronicc bronchitis [26]. In addition, Riise and colleagues [27] have shown that chronic 

bronchitiss patients treated with NAC had significantly fewer positive bacterial cultures of 
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bronchoalveolarr lavage fluid. 

Thee aim of this study was to elucidate the role of persistence of H. influenzae in CB 

patientss with a documented history of recurrent infections with H. influenzae, selected from 

thee out-patient clinic of our hospital. We also studied bacterial persistence in relation to the 

occurrencee of excerbations in these patients. 

Sincee reduction of local airway inflammation may reduce bacterial persistence, we 

assessedd the effect of an inhaled corticosteroid (budesonide; BUD) and oral NAC on 

persistencee of H, influenzae. Bacterial persistence was assessed by MOMP analysis and 

randomm amplified polymorphic DNA (RAPD) analysis [28]. We used RAPD analysis as 

genotypingg method instead of DNA fingerprinting after restriction enzyme analysis, since 

interpretationn of RAPD analysis is easier and more reliable [28]. Local airway inflammation 

waswas determined by analysis inflammatory indices in the sol phase (SSP) of spontaneously 

producedd sputum. Analysis of such indicators in SSP derived from clinically stable patients 

withh obstructive pulmonary disease was previously demonstrated to be a reliable and 

reproduciblee method to assess inflammation in the airways [23,29,30]. 

Materialss and Methods 

StudyStudy design 

Patientss were selected from the outpatient clinic of our hospital. All patients had a history 

off chronic bronchitis as defined by a productive cough on most days for at least three 

monthss of the year during 2 or more consecutive years [31]. In addition, all patients had a 

documentedd history of recurrent infections of the lower respiratory tract with H. influenzae, 

withh at least three positive sputum cultures during the year preceeding the study, and 

monthlyy in the two month period prior to the start of the study. Patients with radiographic 

evidencee of bronchiectases or a subnormal level of IgA, IgM or IgG-subclasses were 

excluded.. All patients were clinically stable. Patients who needed antibiotic treatment 

withinn 6 weeks before the study were excluded. Treatment with oral and inhaled 

corticosteroidss and NAC was stopped at least 6 weeks before the start of the study. 

Medicationss allowed were: (32-agonists, ipratropium bromide and theophylline. The study 

protocoll was approved by the Medical Ethics Committee of our hospital and all patients 

gavee written informed consent. 

Too study the effect of treatment, a double-blind, placebo-controlled study was designed. 

Att the end of a 4 week run-in period, patients were randomized to receive treatment for 12 
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weekss with either budesonide 800 ug two times daily and placebo effervescent tablets 

(BUD-group;; n = 7), N-acetylcysteine 600 mg three times daily and placebo inhalations 

(NAC-group;; n = 7) or a placebo for both (PLAC-group; n = 5). Budesonide was delivered by 

aa Nebuhaler spacer device (Astra Draco, Lund, Sweden), N-acetylcysteine as effervescent 

tablets.. With a 4 week interval sputum was collected for bacteriological examination. At 

thee start and the end of the treatment period a 24 hour sputum sample was collected, and 

aa blood sample was taken to obtain serum. 

Inn case of an exacerbation, defined as an increase in cough and sputum production in 

combinationn with fever and/or dyspnea, antibiotic treatment with amoxicillin (750 mg three 

timess daily) or doxycyclin (200 mg on the first day, then 100 mg daily) was prescribed for 

onee week. 

BacteriologicalBacteriological analysis of sputum samples 

Sputumm samples were cultured for the presence of H. influenzae and other pathogens as 

describedd before [4-6]. In addition, smears of sputum specimens were stained 

immunochemicallyy (immunoperoxidase) for the presence of H. influenzae using 

monoclonall antibody 8BD9 directed against outer membrane protein P6 of H. influenzae, 

ass described previously [32]. H. influenzae was identified by its dependence for growth 

factorss X and V and its inability to convert 5-aminolevulanic acid to porphyrins [33]. Further 

genotypicc characterization of five individual colonies from each sputum sample was 

performedd by randomly amplified polymorphic DNA (RAPD) analysis with the primers 

ERIC11 and ERIC2 as described before [28]. The RAPD patterns obtained were shown to be 

strainn specific. In addition, from each strain the major outer membrane protein (MOMP) 

patternn was analyzed to detect MOMP variation as described previously [5]. 

SputumSputum sol phase analysis 

Thee patients collected sputum at home over a 24-hour period the day before visiting the 

hospitall as described before [23,29,30]. The sputum sol phase (SSP) was separated from the 

sputumm gel phase (SGP) by centrifugation at 50,000 x g at C for 90 min. The sputum sol 

phasee was stored in aliquots at C until analysis. The concentrations of albumin (ALB, 

677 kD) and a2-macroglobulin (A2M, 725 kD) were used as parameters for exudation of 

plasmaa proteins into the airway lumen [23,29]. The SSP-to-serum ratio (Q-protein) for each 

proteinn was calculated to correct for the variations in protein concentrations in the blood 

[23,29].. Also the relative coefficient of excretion (RCE) of proteins from serum to sputum 

wass determined [29,34]. The excretion of A2M was compared with that of ALB 
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(QA2M/QALB).. The RCE is considered to reflect the loss of size selectivity of the respiratory 

membranee that occurs during inflammation [29,34]. ALB and A2M were determined by 

immunoturbidimetryy and ELISA, respectively [29,35]. lnterleukin-8 (IL-8) was determined 

byy ELISA, according to Hack et al. [36], The peroxidase activity of myeloperoxidase (MPO) 

wass determined as a marker of neutrophilic inflammation, essentially according the method 

describedd by Grisham et al. [30,37]. 

StatisticalStatistical analyses 

Forr the treatment study, differences in baseline characteristics (pre-randomization) and in 

thee effects of treatment between the three groups were analyzed using a parametric one-

wayy analysis of variance (ANOVA) or Kruskall-Wallis' non-parametric test (KW-test), as 

appropriate.. In case of an over all statistical difference, the differences between two groups 

weree further analyzed using either the Student's t test or the Mann-Whitney U test (MWU-

test).. P-values for pairwise comparisons were corrected for multiple comparisons using 

Bonferronii 's or Dunn 's multiple comparisons test, respectively. The effects within each 

treatmentt group were analyzed by the parametric Student's t test for pairs or the non-

parametricc Wilcoxon signed-ranks test (WSR-test), as indicated in the text. The effects of 

treatmentt on the detection of H. influenzae in sputum samples, and bacterial persistence 

wass analyzed using the Chi-square test (x2-test), and if indicated the non-parametric Sign 

test.. An effect was arbitrally defined as at least two H. /nf/uenzae-negative sputum samples 

duringg the treatment period. Spearman rank correlation coefficients (rho) were calculated 

forr QALB and QA2M. A p-value of less than 0.05 was considered statistically significant. 

Results s 

PatientPatient characteristics 

Baselinee characteristics of the three groups of patients are summarized in Table 1. Patients 

inn the three groups did not differ with respect to baseline chracteristics. All patients had a 

historyy of purulent sputum for prolonged periods of time and the periods free of infection 

were,, if existing, short. 

LongitudinalLongitudinal analysis of H. influenzae strains 

Inn most patients the sputum samples obtained during the entire follow-up period were 

positivee for the presence of H. influenzae, either by culture or by immunoperoxidase 
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stainingg (IP-staining), independent of treatment. Figure 1 shows the data for each individual 

patient.. During the 6 months follow-up we obtained 119 sputum samples. H. influenzae 

wass isolated from 83 sputa (70%). In addition, in 11 samples that were culture negative, the 

presencee of H. influenzae could be demonstrated by immunoperoxidase staining (9%). 

Analysiss of colonies from each sputum sample indicated that all but one patient (patient 4; 

Figuree 1) were infected by one H. influenzae strain at the time. 

Tablee 1. Patient characteristics of the three study groups 

Number r 
Sexx (F/M) 
Agee (yr) 
Current/ex-smoker r 
FEV,, (%-predicted)* 

PLAC-group p 
5 5 

2/4 4 
61.0(5.4) ) 

2/2 2 
73.44 (9.4) 

BUD-group p 
7 7 

4/3 3 
61.11 (2.0) 

2/4 4 
65.77 (9.7) 

NAC-group p 
7 7 

5/2 2 
50.88 (5.8) 

3/2 2 
80.00 (6.6) 

Dataa are expressed as mean, and SEM in parenthesis. 
** FEV, post-bronchodiiatation; spirometry according to standardized guidelines [40]. 

Byy using RAPD and protein analysis, MOMP variation was identified in 5 patients (6 strains) 

duringg the study period (Figure 1). In patient 4, two variants were present at the start of the 

studyy that both persisted for many months. The occurrence of an antigenic variant 

coincidedd with an exacerbation in one patient (patient 6), and occurred unrelated to 

exacerbationss in the other patients (patient 5, 11, and 14; Figure 1). 

Ninee exacerbations neccesitating treatment were documented in 8 patients (Figure 1). 

Exacerbationss in these patients coincided with an endogenous reinfection in 1 patient 

(patientt 6) and an exogenous reinfection in 2 patients (patient 2 and 18). In 2 patients 

(patientt 10 and 11) sputum cultures became negative upon antibiotic treatment throughout 

thee subsequent follow-up period. In the other 3 patients the same strain could be cultured 

bothh before and directly after the exacerbation that occurred (patient 7, 12 and 16). 
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Figuree 1. Persistence and variability of H. influenzae strains from sputum samples of the 19 patients 
(patientss 1-19) during the study period. PLAC-group: patients 1-5, BUD-group: patients 6-12, and 
NAC-group:: patients 13-19. Distinct H. influenzae strains characterized by differences in major 
outerr membrane protein (MOMP) and randomly amplified polymorphic DNA (RAPD) analysis 
patternss are identified by numbers. MOMP variant strains (with distinct MOMP and indistinguisable 
RAPDD patterns) are identified by additional letter. Time points at which sputum specimens were 
processedd are indicated by A; sputa with positive immunoperoxidase staining results for 
H.H. influenzae are indicated by + ; Hi: sputum culture positive for H. influenzae, strain not 
characterizedd further. Prescribed therapy in case of an exacerbation: A, amoxicillin, D, doxycyclin, 
P,, prednisolone. 
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EffectEffect of treatment on bacterial persistence 

Thee proportion of H. inf/uenzae-positive sputum samples during the run-in period did not 

differr between the three treatment groups (Figure 1). During the active treatment period, in 

thee PLAC-group 1 out of 5 patients had at least two sputum samples negative for 

H.. influenzae, compared to 1 out of 7 in the BUD-group, and 4 out 7 in the NAC-group 

(Figuree 1). The difference between the three groups showed a tendency towards statistical 

significancee (p = 0.15/ %
2 -test), and was associated with NAC treatment (p = 0.13, Sign test). 

Inn the NAC-group, in the wash-out period in all sputum samples from the patients that had 

negativee sputum samples during the treatment period, H. influenzae could be demonstrated 

againn (Figure 1). 

Analysess of the isolated bacteria were performed to determine whether the patients 

remainedd infected with the original strains, or whether these bacteria were replaced by 

'new'' strains. Of the 17 patients with positive sputum cultures both in the run-in period and 

afterr the treatment period, 10 patients still harboured the same strain after the treatment 

period,, and in 8 a 'new', unrelated strain was detected (Figure 1). Although NAC treatment 

wass associated with the occurrence of relatively more new strains, the differences between 

thee groups were not statistically significant. 

EffectEffect of treatment on sputum sol phase parameters 

Thee effect of budesonide and N-acetylcysteine on the degree of local airway inflammation 

wass assessed in 18 patients by analysis of SSP. From two patients (BUD-group: patient 11, 

andd NAC-group: patient 18) no adequate 24h-sputum sample was obtained before and/or 

afterr the treatment period. 

Fromm 16 patients (PLAC-group n = 5, BUD-group n = 6, NAC-group n - 5) we were able 

too collect adequate amounts of sputum (> 1 g/24 h) before and after the treatment period 

too perform all analyses in SSP. From the remaining patient (NAC-group: patient 15), we 

couldd only assess the effect of treatment on QALB. Baseline values of QALB (n = 17), 

QA2M,, QA2M/QALB, IL-8 and MPO were similar in the three groups (Table 2). The QALB 

andd QA2M values were highly correlated, both before and after treatment (Spearman rho 

0.900 and 0.94, respectively, p<0.0001). Although in the NAC-group the median values of 

bothh QALB and QA2M were somewhat higher after treatment, the effects of treatment on 

QALBB and QA2M did not differ significantly between the three groups (both p>0.20, KW-

test).. Treatment with BUD or NAC had no effect on the RCE, and the changes upon 

treatmentt did not differ between the three groups (p = 0.86; Table 2), suggesting that the 

degreee of protein leakage into the airway lumen had not changed. Neither MPO activity, 
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determinedd as indicator of neutrophilic inflammation, nor IL-8 concentration, as indicator 

off neutrophil chemotactic activity in the sputum sol phase, changed upon upon treatment 

withh BUD or NAC {Table 2). 

Tablee 2. Sputum sol phase parameters before and at the end of the 12 weeks treatment period 

PLAC-group p 
<nn = 5) 

BUD-group p 
(nn = 6) 

NAC-group p 
(nn = 5)* 

before e after r before e after r before e after r 
QALB B 

QA2M M 

10.5 5 
(3.6-70.0) ) 

5.40 0 

9.5 5 
(1.5-24.7) ) 

4.33 3 

7.2 2 
(2.7-41.5) ) 

3.72 2 

6.2 2 
(2.6-98.5) ) 

2.04 4 

10.6 6 
(3.1-18.6) ) 

3.33 3 

17.7 7 
(3.9-26.1) ) 

7.69 9 
(0.14-20.64)) (0.27-10.77) (0.26-11.62) (0.44-37.90) (0.38-11.62) (0.61-18.35) 

RCE E 

IL-8 8 

0.300 0.44 0.44 
(0.04-0.52)) (0.05-0.52) (0.10-0.58) 

57.6 6 37.1 1 56.0 0 

0.36 6 
(0.09-0.99) ) 

34.5 5 
(pg/ml)) (12.6-211.0) (11.2-186.0) (26.0-250.9) (17.7-311.0) 

MPOO 33.7 47.0 31.0 13.3 
(nM)) (4.7-164.0) (4.0-276.0) (10.0-114.4) (8.4-770.0) 

0.333 0.35 
(0.06-0.43)) (0.16-0.70) 

136.00 145.0 
(13.5-344.0)) (28.0-326.9) 

40.00 210.0 
(5.0-465.0)) (10.0-363.3) 

Valuess are presented as median, and range in parenthesis. *QALB: n = 6 (see text). 

Discussion n 

Bacteriologicall analyses of subsequent sputum samples showed that H. influenzae caused 

persistentt infections in the airways of chronic bronchitis patients. We observed long-term 

persistencee of distinct strains as well as strains showing antigenic variation. Also, bacteria! 

strainss persisted despite antibiotic treatment. These findings are consistent with an earlier 

studyy [4]. In this earlier study, however, most patients were non-smokers living in a home 

forr the elderly [4]. In the current study, most patients were (ex-)smokers, all selected from 

thee outpatient clinic of our hospital. In addition, in the current study we ruled out the 

presencee of bronchiectasis or a humoral immunodeficiency. Therefore, the current study 

extendss our previous findings for persistence and antigenic variation of H. influenzae in the 

airways,, to a genuine chronic bronchitis population. 
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Betweenn the earlier and the present study there is also a remarkable difference. In the 

earlierr study [4], we demonstrated that the occurrence of an exacerbation in obstructive 

chronicc bronchitis patients coincided with reinfection by H. influenzae, by a H. influenzae 

strainn related to the previous strain, or by a nonrelated H. influenzae strain. In contrast, in 

thee present study, exacerbations in part of the patients coincided without an apparent 

reinfection,, as the same strain was cultured both before and after an exacerbation. This 

indicatess that exacerbations, at least in these patients, were provoked by factors other than 

aa change in the phenotype of H. influenzae. It does, however, not exclude that 

H.H. influenzae is involved in the pathogenesis of exacerbations in these chronically infected 

chronicc bronchitis patients. 

Inn the present study, we also included treatment with either BUD or NAC for 12 weeks 

too assess whether treatment had an effect on bacterial persistence and/or antigenic variation. 

Wee could not demonstrate a statistically significant effect on the detection of H. influenzae 

inn sputum samples, on bacterial persistence or on antigenic variation. Bacterial persistence 

andd antigenic variation were observed in all three groups in a frequency consistent with that 

observedd in earlier studies [3,4,6,8]. 

Inn the NAC-group, however, compared to the PLAC- and the BUD-group, active 

treatmentt was associated with an effect on the detection of H. influenzae in the sputum 

samples,, that showed a tendency to statistical significance. In addition, relatively more 

'new',, unrelated strains were isolated in the NAC-group during the treatment and 

subsequentt wash-out period compared to the two other groups. These results may point to 

ann effect of NAC treatment upon persistence of H. influenzae, in line with the findings by 

Riisee and coworkers [27]. The reduced numbers of H. influenzae-posW'we sputum samples, 

however,, may have been seriously biased, since two patients (17 and 18) had 

H.H. /'nf/uenzae-negative sputum samples before the actual start of treatment and the sputa 

remainedd negative throughout the treatment period. On the other hand, compared to the 

treatmentt period during the subsequent wash-out period in all sputum samples 

H.H. influenzae was detected, which is in support of an effect of NAC treatment on bacterial 

persistence.. These observations warrant a future study with much larger numbers of patients 

too further examine the effects of NAC on persistence of H. influenzae in chronic bronchitis 

patients. . 

Reductionn of airway inflammation by treatment with either BUD or NAC may reduce 

bacteriall persistence. On the other hand, it may be envisaged that reduction of local 

inflammatoryy processes which are aimed at eradication of bacteria from the airways, may 

inn fact promote bacterial persistence. The lack of effect of either treatment on the antigenic 
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variationn is, however, suggestive for an unaltered selective pressure by antibacterial defense 

mechanismss [38]. In addition, we could not demonstrate an effect of either BUD or NAC 

onn the sputum to serum ratio of albumin and a2-macroglobulin, as well as on the relative 

coefficientt of excretion; parameters considered to reflect the degree of local airway 

inflammationn [29,34,39]. Also, the IL-8 concentration and the MPO activity in the sputum 

soll phase were unchanged upon either treatment. In line with the current concept this lack 

off an anti-inflammatory effect by either treatment, coincided with a lack of an effect on 

bacteriall persistence and antigenic variation. 

Inn conclusion, in the present study we demonstrated that the airways of chronic 

bronchitiss patients were persistently infected with H. influenzae. These chronic infections 

weree caused by either persistence of a distinct strain (with or without antigenic variants), 

exogenouss reinfections or a combination of both. Our observations on bacterial persistence 

inn relation to exacerbations, indicate that exacerbations are associated with a change in 

bacteriall phenotype in part of the patients only. Finally, treatment for 12 weeks with either 

budesonidee or N-acetylcysteine did not affect airway inflammation, bacterial persistence 

and/orr antigenic variation in this limited number of patients. However, our data indicate 

thatt NAC may reduce bacterial persistence and warrant a large (multicentre) study. 
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