
152 

CHEST Original Research
CHEST INFECTIONS

Original Research

      Lower respiratory tract bacterial infection may 
manifest as one of two discrete clinical syndromes. 

The fi rst, classic bacterial pneumonia, which affects 
the respiratory zone of the lung, is a generally acute 
and potentially life-threatening illness. The second, 
persistent infection of the conducting airways, is quite 
a different form of pulmonary infection causing a 
chronic disease referred to as protracted bacterial 
bronchitis (PBB).  1-6   In PBB (defi ned as   the presence 
of chronic wet/moist cough for  .  4 weeks), in the 
absence of any alternative diagnoses (and resolution 
after appropriate antibiotic treatment),  1   the causa-

tive bacteria do not appear to be in a rapidly dividing 
planktonic state as in an acute pneumonia. Instead, 
the bacteria appear to exist in biofi lms similar to those 
seen in conditions such as chronic otitis media,  7-10   in 
which the organisms are replicating at a low level 
within structures that provide protection against both 
host responses and antibiotic therapy. Hence, the result-
ing symptoms tend to be persistent with intermittent 
exacerbations. While not usually life threatening in 
the short term, colonization of the con ducting airways is 
responsible for considerable and often unrecognized 
or underestimated morbidity.  11,12   Impairment of host 

  Background:    Protracted bacterial bronchitis is a major cause of persistent cough in childhood. 
The organisms most commonly isolated are nontypable  Haemophilus infl uenzae  and  Streptococcus 
pneumoniae . There are no studies addressing typing of these organisms when recovered from the 
lower airways. 
  Methods:    Isolates of these two organisms (identifi ed in BAL samples from children undergoing 
routine investigation of a chronic cough thought to be attributable to a protracted bacterial bron-
chitis) were subject to typing. Samples were collected in Sheffi eld, England, and Athens, Greece. 
The majority of the children from Sheffi eld had received pneumococcal-conjugate vaccines 7 or 
13 (PCV-7 or PCV-13) conjugate vaccine but only a minority of Greek children had received 
PCV-7. 
  Results:    All 18  S pneumoniae  isolates from Greek BAL samples are serotypes contained in PCV-13 
while 10 are contained in PCV-7. In contrast, 28 of the 39 samples from Sheffi eld contained sero-
types that are not included in PCV-13. All 26 of the nontypable  H infl uenzae  samples obtained in 
Sheffi eld produced distinct multilocus variable-number tandem repeat analysis profi les. There 
was a signifi cant difference between children from Athens and Sheffi eld in the distribution of 
serotypes contained or not contained in the pneumococcal vaccine ( P   5  .04). More specifi cally, 
immunization with pneumococcal vaccine was related with isolation of  S pneumoniae  serotypes 
not included in the vaccine (OR, 0.021; CI, 0.003-0.115;  P   ,  .001). 
  Conclusions:    The data suggest that both vaccine and nonvaccine  S   pneumoniae  serotypes may 
play a role in protracted bacterial bronchitis and provide some hints that serotype replacement 
may occur in response to the introduction of conjugate vaccines.    CHEST 2013; 143(1):152–157   

  Abbreviations:  CF  5  cystic fi brosis; MLVA  5  multilocus variable-number tandem repeat analysis; NTHi  5  nontypable 
 Haemophilus infl uenzae ; PBB  5  protracted bacterial bronchitis; PVC  5  pneumococcal-conjugate vaccine 
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ing on the rigor of the diagnostic criteria used.  20-22   
Although the overall incidence of pneumococcal dis-
ease has been reduced by the introduction of these 
vaccines, one of the consequences of vaccination has 
been serotype replacement with an increase in the 
proportion of pneumococcal pneumonia caused by 
some of the many dozens of pneumococcal serotypes 
not covered by the conjugate vaccine.  23   

 To our knowledge, there have been no studies, to 
date, looking at the serotypes of  S pneumoniae  asso-
ciated with bacterial bronchitis. As the nature of the 
condition is quite different to that of pneumonia, it is 
possible that different serotypes to those causing pneu-
monia are more commonly associated with PBB. It 
may also be possible that the introduction of PCV will 
favor nonvaccine serotypes in niches such as the con-
ducting airways, resulting in alterations in the serotypes 
responsible for this chronic disease. Similarly, for NTHi, 
there may be organism-related factors that determine 
the likelihood of colonization of the lower airway. 

 The aim of our study was to determine specifi c sero-
types of  S pneumoniae  and NTHi in BAL samples in 
a childhood population with PBB in England and in 
Greece, and to compare the  S pneumoniae  serotypes 
between the two countries and between children 
with and without pneumococcal vaccination. These 
questions were explored independently in one center 
in Greece and one center in England. Both countries 
have introduced PCV. In England, PCV-7 was intro-
duced for all children aged 0-2 years in June 2006, 
while in Greece coverage was not universal at the time 
of the study with parents having the option to purchase 
the vaccine.  24   

 Materials and Methods 

 To explore the potential contribution of serotype-related factors 
to the likelihood of colonizing the lower airways,  S pneumoniae  
cultured from BAL undertaken on children with bacterial bron-
chitis were sent to reference laboratories for typing. Samples of 
NTHi from Sheffi eld, England, were also typed using multilocus 
variable-number tandem repeat analysis (MLVA). This study 
involved retrospective reviews of data generated from children 
being investigated for chronic cough thought to be due to a PBB 
who had undergone bronchoscopy to confi rm the diagnosis. Because 
of the diffi culty of identifying pathogens within a few weeks of 
completing a course of antibiotics, the usual practice in both cen-
ters is to perform bronchoscopy on children only if they are at 
least 4-6 weeks free from antibiotics. The Ethics Committees of 
the ‘Penteli’ Children’s Hospital and the University General Hos-
pital Attikon (Athens, Greece), where all bronchoscopies were 
performed, approved the study as part of a larger research proto-
col (decision no. 7/03-08-07). 

 Data from Greek children who had PBB (according to the defi -
nition given earlier in this section) and a positive BAL culture 
during the period June 2005 to February 2008 were included in 
the study. Children with CF, immunodefi ciency, neuromuscular 
disorder, foreign body inhalation, and primary ciliary dyskinesia 
were excluded from the study. Quantitative cultures for common 
aerobic and anaerobic bacteria, fungi, and mycobacteria were 

defenses appears to be necessary for the bacteria to 
become established. Impaired mucociliary clearance, 
especially after viral infections, seems to be a signif-
icant risk factor for the establishment of bacterial 
infection, whereas in some patients, varying degrees 
of immunodefi ciency may play a role. This form of 
disease characterizes the bacterial lower respiratory 
tract infections in both cystic fi brosis (CF),  13,14   in   which 
there is impaired mucociliary clearance probably due 
to collapse of the periciliary fl uid layer, and primary 
ciliary dyskinesia. In young children much more com-
monly, it appears to be secondary to a signifi cant viral 
lower respiratory tract infection, which is most com-
mon in the fi rst 2 years of life and following which it 
is known that cilia may take many weeks to recover.  15   
Other risk factors include tracheomalacia, impaired 
clearance associated with neuromuscular conditions, 
poorly controlled asthma, and aspiration.  16,17   

 The organisms most commonly identifi ed in chronic 
endobronchial infection are generally those also 
responsible for acute pneumonia in previously healthy 
individuals, namely  Haemophilus infl uenzae  (particu-
larly nontypable  Haemophilus infl uenzae  [NTHi] strains) 
and    Streptococcus pneumoniae .  2-6,18,19   It is known that 
certain serotypes of  S pneumoniae  are associated with 
both invasive disease and pneumonia, and these have 
been targeted in the 7, 10, and 13 valent pneumococcal-
conjugate vaccines (PCVs) on the market. Their intro-
duction has had a signifi cant impact on the incidence 
of invasive disease and pneumococcal pneumonia, 
though estimates of the impact of the vaccines on the 
incidence of pneumonia vary from 7% to 35% depend-
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 S pneumoniae  typed isolates from Athens, the most 
prevalent pneumococcal serotypes were 6A and  19 F. 
Ten of 18 isolates were PCV-7 strains with  19 F account-
ing for one-half of these; all are included in PCV-13. 
Only two of the 18  S pneumoniae -positive children 
(11%) had been vaccinated with PCV-7. These two 
chil dren isolated serotypes 1 and 19A in their BAL 
cultures. The relevant vaccination coverage among the 
47  S pneumoniae -negative children was 34% ( P   ,  .01). 

 The samples from Sheffi eld included  S pneumoniae  
isolated from 39 children aged 6-154 months (median, 
38 months), and NTHi isolates from 26 children 
aged 7-145 months (median, 44 months). Only 11 of 
39 samples obtained in Sheffi eld contained pneumo-
coccal samples covered by the serotypes included 
in PCV-7 and PCV-13 which was introduced during 
the later period of the collection of samples. Of these 
11 subjects, nine were too old to have received the 
relevant PCV as part of their routine immunizations. 
The rest of the 39 children had all received PCV 
vaccination. 

 The comparison of our data showed that there was 
a signifi cant difference between the two cities in the 
distribution of serotypes contained or not in the pneu-
mococcal vaccine ( P   5  .04). This was due to the 

performed. Samples were considered to be positive for a particular 
bacterial species if they yielded growth of  �  10 5  colony-forming 
units/mL or   growth of  �  10 4  colony-forming units/mL if only one 
pathogen was isolated. When  S pneumoniae  were identifi ed, they 
were sent for further characterization to reference laboratories. 
The vaccination status for PCV-7 of all children prior to bron-
choscopy was assessed. For the Sheffi eld leg of the study, an 
ethics committee approval was not necessary since this was a ret-
rospective study, and no personal data were used. 

 BAL samples from children undergoing routine bronchoscopy 
for a clinical diagnosis of PBB at the Sheffi eld Children’s NHS 
Foundation Trust in which  S pneumoniae  and/or NTHi were cul-
tured were subsequently sent to the Respiratory and Systemic 
Infection Laboratory, Health Protection Agency Colindale, for 
further typing. Clinical diagnosis of PBB was set based on the 
aforementioned defi nition. Children with conditions such as CF, 
immunodefi ciency, neuromuscular disorders, foreign body inhala-
tion, and primary ciliary dyskinesia were excluded from the study. 
Samples were obtained during the period December 2008 to 
December 2010.  S pneumoniae  isolates were identifi ed using 
standard methods of colonial morphology, optochin susceptibility, 
and bile solubility, and serotyped by slide agglutination using type-
specifi c pneumococcal rabbit antisera (SSI Diagnostica, Statens 
Serum Institut). NTHi were identifi ed and biotyped using stan-
dard methods,  25   and their species were confi rmed using an  ompP2 -
specifi c polymerase chain reaction.  26   Serotyping was   performed 
using standard slide agglutination and confi rmed by polymerase 
chain reaction-based capsular genotyping.  27   NTHi were typed by 
MLVA using the four-locus scheme of Schouls et al,  28   and types 
were assigned using   the international reference database.  29   

 For statistical analysis, comparison between groups was per-
formed with the use of the  x  2  test. For the exploration of relations 
between vaccination status and pneumococci serotype isolation 
from BAL, we used binomial logistic regression. 

 Results 

 Sixty-fi ve Greek children (36 boys) with PBB 
and a positive BAL culture were included in the 
study. The median age at the time of bronchoscopy 
was 4.8 years (range, 0.9-14.4 years). The most prev-
alent isolated bacterial pathogens among the Greek 
BAL samples were NTHi (61% of samples) followed 
by  Moraxella catarrhalis  (32%),  S pneumonia  (27.6%), 
and    Staphylococcus aureus  (6%). Polymicrobial growth 
was seen in 23 samples (35.4%) mostly with two spe-
cies isolated; in two patients, three species were iden-
tifi ed. Of the 39 samples from patients in Sheffi eld in 
which  S pneumoniae  was isolated, 17 contained this 
organism alone. NTHi was also cultured in 19 samples: 
one sam ple grew  S pneumoniae  and  M   catarrhalis , 
while in two cases, both  M catarrhalis  and NTHi were 
cultured in addition to  S pneumoniae.  Of the 26 sam-
ples harboring NTHi, this species alone was identifi ed 
in 10 samples; it was cocultured with  S pneumoniae  
in eight samples, with  M catarrhalis  in three samples, 
with group A  Streptococcus  in 2 samples, and once 
each with  S aureus , group C  Streptococcus , and group G 
 Streptococcus . 

 Distribution of pneumococcal serotypes from the 
two centers is presented in    Table 1  . Among the 18 

 Table 1—Streptococcus pneumoniae  Serotypes 
Isolated From BAL From Children With a Clinical 

Diagnosis of PBB  

Serotype Athens (n  5  18) Sheffi eld (n  5  39)

1  a  2 …
3  a  … …
4  b  … …
5  a  … …
6A  a  5 3
6B  b  2 2
6C … 3
7F  a  … 1
9V  b  … …
10A … 1
11A … 1
14  b  2 …
15A … 3
15B … 1
18C  b  1 …
19A  a  1 3
 19 F  b  5 1
21 … 2
22F … 1
23A … 5
23B … 7
23F  b  0 1
33F … 1
34 … 1
35B … 1
35F … 1

PBB  5  protracted bacterial bronchitis.
 a Additional serotypes in 13 valent conjugate vaccine.
 b Serotypes in 7 valent conjugate vaccine.
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a niche for less virulent organisms to occupy, with 
no impact on the overall incidence of  S pneumoniae  
colonization or with an increase in prevalence. Viru-
lence factors carried by the PVC serotypes often carry 
a biologic penalty, and it is possible that less viru-
lent serotypes are better suited to a biofi lm existence. 
It is also possible that it may be more diffi cult to erad-
icate nonvaccine serotypes, the more virulent and 
previously more success ful serotypes. 

 The NTHi biotype and MLVA results argue against 
a hypothesis that a limited subset of the organism is 
particularly adept at colonizing the conducting air-
ways. This is an extraordinarily adaptable bacterium, 
able to modify its behavior and gene expression in 
different environments.  30-33   On the other hand, the 
NTHi isolates from these patients may share a key 
unknown virulence factor that is carried in the bacte-
rial population independent of genetic type. 

 It should be noted that, in line with conventional 
microbiology, a single colony   from each sample was 
identifi ed. It is probable that there may be more than 
one type of each organism within the airways of symp-
tomatic subjects at any one time. Indeed, multiple dif-
ferent types of particular organisms have been found 
in the upper airways when protocols designed to iden-
tify a range of types have been adopted.  34-37   Further-
more, the complexity of the interplay of potential 
pathogens with the resident fl ora (other potential 
pathogens and within species) is just starting to be 
unraveled.  38-45   Traditional concepts of organisms briefl y 
colonizing the upper airways and then disappearing 
without any signifi cant impact and infection by a single 
serotype (or genetic type) appear to be oversimplis-
tic and are based on fi ndings in acute severe disease 
states such as pneumonia and septicemia rather than 
an understanding of what may prove to be a chronic 
biofi lm-type disease such as PBB, COPD, and chronic 
otitis media.  7   

 The data presented in the study represent data from 
two sources. Unfortunately, we did not have the oppor-
tunity to look at serotype replacement in populations 
in which vaccination has been introduced. To our 
knowledge, there is no published data on serotypes 
in this condition, and this is the fi rst publication that 
attempts to address the issue. It is possible that sub-
data can be collected from Athens in a few years’ 
time to compare information but, at present, there 
are no means of addressing the issue. Our   study raises 
the potential importance of serotype replacement in 
response to conjugated vaccine development; addi-
tionally, the current PCV approach may not be appro-
priate for more chronic conditions. 

 We did not specifi cally look at the antimicrobial 
suscep tibility of the isolated bacteria. Although, anec-
dotally, we have not seen any laboratory evidence 
of a change in antimicrobial susceptibility, and in our 

different immunization rate between these two groups 
of children. More specifically, immunization with 
pneumococcal vaccine was related with isolation of 
 S pneumoniae  serotypes not included in the vaccine 
(OR, 0.021; CI, 0.003-0.115;  P   ,  .001). 

 Of the 26 NTHi isolates, eight were identifi ed as 
biotype 1, nine were biotype 2, three were biotype 3  , 
two were biotype 5, three were biotype 6, and one 
was biotype 7. Genetic typing using MLVA produced 
26 distinct types, of which 22 have not been previ-
ously described. 

 Discussion 

 To our knowledge, this is the fi rst study to examine 
serotypes of  S pneumoniae  and genetic types of NTHi 
isolated from the lower respiratory tract of young chil-
dren with a PBB. A wide range of pneumococcal sero-
types was identifi ed in both cohorts. In England, the 
vast majority of serotypes were ones not contained in 
the available conjugate vaccines, and a minority of sam-
ples containing PCV serotypes were identifi ed in 
children too old to have received the relevant vaccine. 
In contrast, all samples from Greece contained vaccine 
serotypes. During the period of sample collection, 
PCV-7 was available but was not part of the universal 
schedule; hence, only a minority of children had been 
immunized at that time as refl ected in the levels of 
immunization noted from the children included in 
the study among whom only 18 of 65 had received 
PCV-7. These results suggest that the introduction 
of PCV-7, and subsequently PCV-13, has contrib-
uted to a change in the pattern of pneumococcal 
serotypes contributing to this disease through sero-
type replacement.  23   

 Our data indicate that it is about 50 times less likely 
to isolate PVC serotypes from the BAL of immunized 
children. However, we cannot estimate from our data 
whether this effect is only a consequence of individ-
ual immunity or whether it is due at the same time to 
a concurrent change of serotype circulation in immu-
nized populations. PCV-7 programs have had a sig-
nifi cant impact on nonvaccinated members of the 
community with, for example, a signifi cant fall in 
pneu mococcal disease in the elderly following the 
vaccination programs targeting young children.  23   
Unlike the impact of PCV vaccines on pneumonia 
and invasive disease, anecdotally, the introduction of 
PCVs has not impacted on the incidence of PBB, 
with a steady increase in referrals over the past decade 
continuing in Sheffi eld despite the introduction of 
PCV-7. Indeed, over a 10-year period there has been 
an eightfold increase in the diagnosis in Sheffi eld 
(M. L. Everard, MBChB, DM, unpublished data, 
March 2012). It   is possible that limiting the ability of 
more virulent organisms to colonize the host provides 

Downloaded From: http://journal.publications.chestnet.org/ by a Tufts University User  on 02/02/2013

journal.publications.chestnet.org


156 Original Research

    2 .  Donnelly   D ,  Critchlow   A ,  Everard   ML .  Outcomes in chil-
dren treated for persistent bacterial bronchitis .   Thorax  .  2007 ; 
62 ( 1 ): 80 - 84 .   

    3 .  Everard   ML .  ‘Recurrent lower respiratory tract infections’-
going around in circles, respiratory medicine style .   Paediatr 
Respir Rev  .  2012 ; 13 ( 3 ): 139 - 143 .  

    4 .  Marchant   JM ,  Masters   IB ,  Taylor   SM ,  Cox   NC ,  Seymour   GJ , 
 Chang   AB .  Evaluation and outcome of young children with 
chronic cough .   Chest  .  2006 ; 129 ( 5 ): 1132 - 1141 .   

    5 .  Douros   K ,  Alexopoulou   E ,  Nicopoulou   A ,  et al .  Bronchoscopic 
and high-resolution CT scan fi ndings in children with chronic 
wet cough .   Chest  .  2011 ; 140 ( 2 ): 317 - 323 .   

    6 .  De Schutter   I ,  De Wachter   E ,  Crokaert   F ,  et al .  Microbiol ogy 
of bronchoalveolar lavage fl uid in children with acute non-
responding or recurrent community-acquired pneu monia: 
identifi cation of nontypeable Haemophilus infl uenzae as a 
major pathogen .   Clin Infect Dis  .  2011 ; 52 ( 12 ): 1437 - 1444 .   

    7 .  Bakaletz   LO .  Bacterial biofi lms in the upper airway-evidence 
for role in pathology and implications for treatment of otitis 
media .   Paediatr Respir Rev  .  2012 ; 13 ( 3 ): 154 - 159 .  

    8 .  Hall-Stoodley   L ,  Hu   FZ ,  Gieseke   A ,  et al .  Direct detection of 
bacterial biofi lms on the middle-ear mucosa of children with 
chronic otitis media .   JAMA  .  2006 ; 296 ( 2 ): 202 - 211 .   

    9 .  Starner   TD ,  Zhang   N ,  Kim   G ,  Apicella   MA ,  McCray   PB   Jr . 
 Haemophilus infl uenzae forms biofi lms on airway epithelia: 
implications in cystic fi brosis .   Am J Respir Crit Care Med  . 
 2006 ; 174 ( 2 ): 213 - 220 .   

    10 .  Weimer   KE ,  Armbruster   CE ,  Juneau   RA ,  Hong   W ,  Pang   B , 
 Swords   WE .  Coinfection with Haemophilus infl uenzae pro-
motes pneumococcal biofi lm formation during experimental 
otitis media and impedes the progression of pneumococcal 
disease .   J Infect Dis  .  2010 ; 202 ( 7 ): 1068 - 1075 .   

    11 .  Petsky   HL ,  Acworth   JP ,  Clark   R ,  Thearle   DM ,  Masters   IB , 
 Chang   AB .  Asthma and protracted bronchitis: who fares better 
during an acute respiratory infection ?   J Paediatr Child Health  . 
 2009 ; 45 ( 1-2 ): 42 - 47 .   

    12 .  Marchant   JM ,  Newcombe   PA ,  Juniper   EF ,  Sheffi eld   JK , 
 Stathis   SL ,  Chang   AB .  What is the burden of chronic cough 
for families ?   Chest  .  2008 ; 134 ( 2 ): 303 - 309 .   

    13 .  Høiby   N ,  Ciofu   O ,  Johansen   HK ,  et al .  The clinical impact 
of bacterial biofi lms .   Int J Oral Sci  .  2011 ; 3 ( 2 ): 55 - 65 .   

    14 .  Burmølle   M ,  Thomsen   TR ,  Fazli   M ,  et al .  Biofi lms in chronic 
infections-a matter of opportunity-monospecies biofi lms in 
multispecies infections .   FEMS Immunol Med Microbiol  .  2010 ; 
59 ( 3 ): 324 - 336 .  

    15 .  Wong   JY ,  Rutman   A ,  O’Callaghan   C .  Recovery of the ciliated 
epithelium following acute bronchiolitis in infancy .   Thorax  . 
 2005 ; 60 ( 7 ): 582 - 587 .   

    16 .  Kompare   M ,  Weinberger   M .  Protracted bacterial bronchitis 
in young children: association with airway malacia .   J Pediatr  . 
 2012 ; 160 ( 1 ): 88 - 92 .   

    17 .  Zgherea   D ,  Pagala   S ,  Mendiratta   M ,  Marcus   MG ,  Shelov   SP , 
 Kazachkov   M .  Bronchoscopic fi ndings in children with chronic 
wet cough .   Pediatrics  .  2012 ; 129 ( 2 ): e364 - e369 .   

    18 .  Perdue   DG ,  Bulkow   LR ,  Gellin   BG ,  et al .  Invasive Haemo philus 
infl uenzae disease in Alaskan residents aged 10 years and older 
before and after infant vaccination programs .   JAMA  .  2000 ;
 283 ( 23 ): 3089 - 3094 .   

    19 .  Berndsen   MR ,  Erlendsdóttir   H ,  Gottfredsson   M .  Evolv-
ing epidemiology of invasive Haemophilus infections in the 
post-vaccination era: results from a long-term population-
based study .   Clin Microbiol Infect  .  2012 ; 18 ( 9 ): 918 - 923 .  

    20 .  Lucero   MG ,  Dulalia   VE ,  Nillos   LT ,  et al .  Pneumococcal con-
jugate vaccines for preventing vaccine-type invasive pneu-
mococcal disease and x-ray defi ned pneumonia in children 
less than two years of age .   Cochrane Database Syst Rev  . 
 2009 ;( 4 ): CD004977 .  

experience these organisms continue to be suscep-
tible to the standard antibiotics. A specifi cally designed 
study would be needed to address this issue. 

 In summary, the data from two populations suggest 
that a wide range of  S pneumoniae  serotypes and 
NTHi genotypes are capable of colonizing the con-
ducting airways. Our data suggest that children with 
PPB immunized with PVC are highly unlikely to iso-
late vaccine serotypes in their BAL cultures, although 
it is not clear whether this is due to individual immu-
nity or to the concurrent change of serotype circula-
tion in immunized populations. Our results also provide 
a hint that serotype replacement is occurring follow-
ing the introduction of conjugate pneumococcal vac-
cines. Whether this impacts on the overall incidence 
of PBB and the diffi culty of treating the condition is 
unclear. 
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