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Original Studies

Background: Haemophilus influenzae, a colonizer of the nasopharynx, 
in children causes mainly otitis and sinusitis. The primary objective of 
this study was to determine the prevalence of pharyngeal colonization by  
H. influenzae, and the secondary objectives were to identify risk factors 
associated with H. influenzae colonization and its antibiotic susceptibility.
Methods: A prospective, multicenter study of nasopharyngeal carriers of 
H. influenzae was conducted in the pediatric consulting rooms of 10 pri-
mary healthcare centers in Murcia (Spain). The study consisted of 404 
healthy children less than 5 years of age and was carried out during winter 
(January–March) and summer (July–September) of 2015. A nasopharyn-
geal sample was collected from each child, and an epidemiologic survey 
was completed by a pediatrician.
Results: In total, 112 (27.7%) children had colonization by H. influenzae, 
with 73.2% of cases in winter and 26.8% of cases in summer (P < 0.001). 
The median (interquartile range) age in months of the colonized children 
(13 months, 12–47.5) was lower than that of the noncolonized children 
(46 months, 12–49) (P < 0.001). All H. influenzae found were nontypeable  
H. influenzae (NTHi). Among 112 isolates, 20% were ampicillin resist-
ant, of which 10% produced β-lactamase, and 9% were ampicillin resist-
ant and did not produce β-lactamase. A logistic regression analysis showed 
that young age (odds ratio: 0.98) and the winter period (odds ratio: 3.41;  
P < 0.001) were risk factors for colonization by NTHi.
Conclusions: Colonization by NTHi is high in this Mediterranean coast 
region with remarkable ampicillin resistant. Younger age and the winter 
period were facilitating factors.
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Haemophilus influenzae is a Gram-negative coccobacillus, 
isolated exclusively in humans, predominantly from the res-

piratory tract. Nasopharyngeal colonization is the first step in a 
sequence of events that can lead to disease.1,2 Since the introduc-

tion of vaccination for H. influenzae serotype b (Hib) in childhood 
immunization programs, there has been a global decline in H. influ-
enzae colonization and invasive Hib disease in children, but the 
incidence of nonencapsulated strains infection, referred to as non-
typeable H. influenzae (NTHi), has increased.1,3,4 Approximately 
20% of children are colonized by NTHi in the first year of life.1 H. 
influenzae has been identified as an etiologic agent of otitis media 
and sinusitis, pathologies associated with a high consumption of 
antibiotics in children younger than 5 years of age.1,2,5 The preva-
lence of H. influenzae in healthy children less than 5 years of age 
and the susceptibility to commonly used antibiotics are important 
for deciding appropriate antibiotic treatment.

METHODS
A multicenter, cross-sectional study of healthy children 

younger than 5 years of age in 10 primary care centers in the Carta-
gena area (Murcia, Spain) was performed.

Inclusion Criteria
Children younger than 5 years of age who attended optional 

appointments as part of the healthy child program were included: 
10–15 and 42–54 months.

Exclusion Criteria
Children 54 months of age or over and children presenting 

with febrile or chronic disease, cystic fibrosis or immunodepressed 
were excluded from the study.

The study was conducted in 2015 in 2 phases: winter 
( January–March) and summer (July–September).

After providing a verbal explanation of the study, informed 
consent was obtained from parents of the children. An epidemio-
logic questionnaire was administered. The questionnaire included 
the following data: primary care center of provenance, date of 
collection, age in months, sex, systematic vaccinations (including  
H. influenzae and pneumococcal) and breastfeeding. Possible risk 
factors for colonization, such as attending school/day care, antibi-
otic treatment in the last month, smoking habits of the parents and 
the number of siblings attending school, were also recorded.

The study was approved by the Ethics Committee of our 
referral hospital.

Processing of Samples
Trained nurses collected all the nasopharyngeal samples 

using flexible nylon swabs (ESwab; CopanItalia spa, Brescia, Italy). 
Each sample was placed in a vial with transport media at room 
temperature and sent to the microbiology laboratory on the day of 
collection. In the laboratory, the samples were homogenized, and 
10 μL were cultured in Columbia agar with colistin and nalidixic 
acid and chocolate agar PolyViteX (BioMérieux, Madrid, Spain), 
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followed by incubation at 37°C in an atmosphere enriched with 5% 
Co

2
. The plates were examined after 24 and 48 hours.

The identification of H. influenzae was performed accord-
ing to standard laboratory procedures.6 Detection of β-lactamase 
activity was determined using the chromogenic cephalosporin 
nitrocefin (BD BBL; DrySlide Nitrocefin, Sparks). Serotyping was 
performed by agglutination with the latex Phadebact Haemophilus 
Test (Bactus AB, Huddinge, Sweden).

The antibiotic sensitivity to H. influenzae was determined 
according to European Committee on Antimicrobial Susceptibility 
Testing (EUCAST) guidelines.7

Standard laboratory procedures were performed to identify 
cocolonizers of H. influenzae (Streptococcus pneumoniae, Staphy-
lococcus aureus, Moraxella catarrhalis and Streptococcus pyo-
genes).6

Statistical Procedures
The quantitative results were expressed as the median and 

interquartile range, and the qualitative data were expressed as per-
centages. The differences between qualitative variables were evalu-
ated by a χ2 test, and the differences between quantitative variables 
were examined with a Mann–Whitney U test. Significant differ-
ences were considered at a value of P < 0.05. A multivariate analy-
sis was performed using multiple logistic regression. The probabil-
ity of colonization by H. influenzae was the dependent variable. 
The analysis commenced with a model that included all variables 
that were significant in a bivariate analysis (P < 0.05), and all vari-
ables that were not significant were eliminated. This process was 
repeated until only the significant factors remained in the model.

RESULTS
In total, 404 samples were collected from 404 children, with 

a median age of 42 months (12–48). In the study, 196 (48.5%) of the 
children were between 10 and 15 months old, and 208 (51.5%) were 
between 42 and 54 months old. The samples were obtained from 227 
males (56.2%) and 177 females (43.8%). From January to March 
2015 (winter period), 214 samples were collected, and 190 samples 
were collected from July to September (summer period). In the win-
ter and summer periods, 51.4% (n = 110) and 52.1% (n = 99) of the 
evaluated children, respectively, were attending school or day care, 
with no significant differences between the periods. Table 1 provides 
information on the association between the descriptive variables in 
the survey and colonization by H. influenzae.

All the children (100%) were vaccinated for H. influenzae 
type b (Hib), and 243 (60.1%) were vaccinated with pneumococcal 
conjugate vaccine (PCV) 13V.

In total, 112 (27.7%) children were colonized by H. influ-
enzae, and all isolates were NTHi. Cocolonization (n = 73) was 
common rather than isolated NTHi colonization (n = 39). In 57 
(50.9%) cases, cocolonization involved only 1 additional bacterial 
strain, whereas 2 or 3 additional bacterial strains were present in 16 
(14.3%) cases (P < 0.001).

The associations with the different types of cocolonizers 
and the number of cocolonizers that accompanied H. influenzae 
are described in Table 2 and Figure 1. No association was found 
between the presence of H. influenzae and the presence of the 
cocolonizers studied. In most cases, H. influenzae was present with 
a second bacterial strain, mainly S. aureus or M. catarrhalis, rather 
than present with 2 or 3 bacterial strains.

TABLE 1. Epidemiologic Survey of Parents and the Association of 
Variables With Colonization by Haemophilus influenza

Variable
Carriers,  

n = 112 (%)
Noncarriers,  
n = 292 (%) P

Sex    
  Female 47 (42) 130 (44.5)  
  Male 65 (58) 162 (55.5) n.s.
Season    
  Summer 30 (26.8) 160 (54.8)*  
  Winter 82 (73.2)* 132 (45.2) <0.0001
Pneumococcal vaccination    
  Yes 69 (61.6) 174 (59.6)  
  No 43 (38.4) 118 (40.4) n.s.
School/day care center    
  Yes 45 (40.2) 164 (56.1)*  
  No 67 (59.8)* 128 (43.9%) <0.001
Siblings at school    
  Yes 53 (47.3) 151(51.7)  
  No 59 (52.7) 141 (48.3) n.s.
Smoking habits of parents    
  Yes 42 (37.5) 128 (55.9)  
  No 70 (62.5) 164 (44.1) n.s.
Antibiotic in previous month    
  Yes 9 (0.1) 33 (11.3)  
  No 103 (99.9) 259 (88.7) n.s.
Age (mo)    
  10–15 67 (59.8)* 129 (44.1)  
  42–54 45 (40.2) 163 (55.9)* <0.01
Breastfeeding (mo)    
  No 25 (22.3) 65 (22.2)  
  <3 22 (19.6) 84 (28.7)  
  >3 65 (58.1) 147 (49.1) n.s.

The percentages in parentheses refer to the total number of carrier or noncarrier children.
*More frequent association.
n.s. indicates not significant; P, degree of significance.
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The bivariate analysis revealed no association between 
colonization by H. influenzae and the sex of the colonized chil-
dren [65 (28.6%) males vs. 47 (26.5%) females]. Children with  
H. influenzae colonization were younger than those not colonized 
[13 (12–47.5) vs. 46 (12–49) months; P < 0.001). When the sam-
ples were grouped according to the age of the children, coloniza-
tion was more frequent among children 10–15 months old than 
among those 42–54 months old (Table 1).

Colonization by H. influenzae was more frequent in the 
winter period [n = 82 (73.2%)] than the summer period [n = 30 
(26.8%); P < 0.0001].

Having a parent who smoked did not influence colonization 
by H. influenzae. Of 170 children with parents who smoked, 42 
(24.7%) were colonized with H. influenzae. In contrast, 70 (28.8%) 
children of nonsmoking parents were colonized with H. influenzae 
(Table 1). The duration of breastfeeding did not influence carrier 
status, with infants colonized by H. influenzae being breastfed for 
a median of 4 months (1–10.5) and noncolonized infants being 
breastfed for a median of 3 months (1–8.5).

Many H. influenzae carriers did not attend day care or school 
(Table 1). There was no association between being a carrier of  
H. influenzae and having a sibling in school, with 59 (29.5%) car-
riers not having siblings in school and 53 (25.9%) having siblings 
in school (Table 1).

Pneumococcal vaccination did not influence NTHi carrier 
status. As shown in Table 1, 69 (28.4%) vaccinated children and 43 
(26.7%) nonvaccinated children were colonized.

Only 9 children with H. influenzae colonization had received 
antibiotics in the previous month. Therefore, the influence of anti-
biotics on colonization could not be clinically assessed (Table 1).

The results of the multivariate analysis of the logistic regres-
sion of the association between H. influenzae colonization and age, 
day care or school attendance and the seasonal period are summa-
rized in Table 3. The findings indicated that in the study region, a 
young age and the winter period were risk factors for colonization 
by H. influenzae.

Concerning antibiotic susceptibilities, 22 (19.6%) H. influ-
enzae were resistant to ampicillin, of which 12 (10.7%) were 
β-lactamase producers and susceptible to amoxicillin-clavulanic 
acid and 10 (8.9%) were β-lactamase negative ampicillin-resistant 
(BLNAR). No H. Influenza β-lactamase positive amoxicillin-cla-
vulanic resistant isolates were detected. All BLNAR H. influenzae 
isolates (100%) were detected in winter (P < 0.05).

Among the isolates, 100% were sensitive to nalidixic acid 
and therefore to fluoroquinolones, tetracyclines, chloramphenicol 
and cefixime. Twenty-two (19.6%) isolates were resistant to tri-
methoprim-sulfamethoxazole.

DISCUSSION
The introduction of the conjugated Hib vaccination has led 

to a drastic reduction in nasopharyngeal colonization by this sero-
type.1,3,4,8–10 In Spain, the Hib conjugate vaccine has been incorpo-
rated into the national immunization plan since 1998. The present 
study did not detect any Hib isolates as a previous study in Spain,8 
possibly because all the children in the study have been correctly 
vaccinated.

In the present study of healthy children, more than one-quar-
ter were carriers of NTHi. This rate was lower than that reported in 
a study of H. influenzae colonization in the Atlantic coast region of 
Spain, where the percentage of colonization was 42%.8 However, 
the previous study was based only on samples collected in the win-
ter.8 The index of colonization in the present study was within the 
ranges published in other studies. The colonization rates were simi-
lar to those found in Brazil,11 higher than those found in some areas 
of Italy1 and lower than those found in France, the United States and 
some regions of Italy.9,12,13

A previous study by Bae et al14 reported that H. influenzae 
was generally associated with cocolonizers. In accordance with that 
study, in the present study, H. influenzae colonization was mainly 
associated with cocolonization by M. catarrhalis, followed by  
S. aureus and S. pneumoniae. In this study, the presence of  
S. aureus did not preclude the presence of H. influenzae, probably 
because the cocolonization index with S. aureus was superior to the 
study by Bae et al.14

Several studies found a positive association of H. influen-
zae with S. pneumoniae and M. catarrhalis, but the frequencies 
of cocolonization varied from one study to another.14–17 Numerous 
factors (eg, age, geographical area, socioeconomic level, immuni-
zation status of the children) may explain this finding.

TABLE 2. Cocolonization by Other Bacteria in 
Haemophilus influenza Nasopharyngeal Carriers

Colonization and Cocolonization n (%)

H. influenza 39 (34.8)
H. influenza + Staphylococcus aureus 25 (22.3)
H. influenza + Moraxella catarrhalis 22 (19.6)
H. influenza + Streptococcus pneumoniae 8 (7)
H. influenza + Streptococcus pyogenes 2 (1.7)
H. influenza + M. catarrhalis + S. pneumoniae 7 (6)
H. influenza + S. aureus + M. catarrhalis 5 (4)
H. influenza + S. aureus + S. pneumoniae 1 (0.9)
H. influenza + S. aureus + M. catarrhalis  

+ S. pneumoniae
2 (1.7)

H. influenza + S. aureus + S. pneumonia + S. pyogenes 1 (1.7)

n indicates number of H. influenza carriers. The percentages in parentheses refer 
to the total number of H. influenza carriers.

FIGURE 1. Cocolonization of bacteria in children colonized 
by H. Influenzae. Black bar, H. influenzae; bar with horizontal 
lines, M. catarrhalis; white bar, S. aureus; bar with vertical 
lines, S. pneumoniae and grey bar, S. pyogenes.

TABLE 3. Results of the Multivariate Analysis and 
Logistic Regression

Variable OR P 95% CI

Season (winter) 3.41 0.001 2.10–5.54
Age (mo) 0.98 0.001 0.96–0.99

CI indicates confidence interval; OR, odds ratio; P, degree of significance.
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As in other studies, neither sex8,10,18 nor breastfeeding18,19 
showed a direct association with H. influenzae colonization in the 
present study.

A noteworthy fact of the current study was that younger 
children had a higher risk of H. influenzae colonization, which is 
in accordance with the findings of a study of children in Africa.17 
This finding may be explained by younger children having greater 
direct person-person contact, which is a necessary condition for the 
transmission and survival of the H. influenzae bacterium. However, 
some studies reported discordant results, finding that colonization 
by NTHi progressively increased with age and that maximum colo-
nization occurred between 2 and 5 years.10,19,20 Others concluded that 
age was not associated with NTHi colonization.8,18 The discordance 
may be explained by distinct family relationships in different com-
munities (eg, hygiene habits, prolonged close contact, etc.).

In the present study, children who did not attend day care or 
school were more likely to be colonized by NTHi. This observa-
tion, which may be correlated with the young age of non-school-
going children, was in agreement with Schumacher et al,19 who 
also found that children were colonized by the same NTHi strain 
carried by their primary caregivers. The results of the present study 
suggested that the family was the greatest source of bacterial trans-
mission, a finding in accordance with that reported by Watanabe 
et al.21 However, some researchers found that attending school or 
day care and living in an orphanage were associated with frequent 
colonization by NTHi.22,23 Studies also suggested that the rate of 
colonization increased in accordance with the number of children 
per classroom.8,18,24

Some studies found that the number of siblings played a role 
in colonization by H. influenzae.10,13,18,25 However, this was not the 
case in the present study, although half the children had at least 1 
school-going sibling. This finding reinforces the idea that in the 
study setting, the family unit rather than attending school or having 
siblings at school influences colonization. The period in which the 
samples were obtained did not influence these results, as similar 
numbers of children attending school or day care were enrolled in 
the study in the winter and summer.

As in other studies,17,19,26 the season, namely winter, was a 
risk factor for colonization. However, other studies reported con-
flicting findings, showing that the rainy season17 and spring16,23 were 
significantly associated with colonization.

The study region is located in the southeast of Spain, which 
is characterized by benign temperatures in winter and a rainy period 
after extremely dry summers. The higher rate of colonization in 
winter coincided with an increase in respiratory infections of the 
upper airway. If we consider that the temperature and humidity in 
the study region during the winter are similar to those of the spring 
in central European regions, the results obtained in studies carried 
out in Poland23 and Milan, Italy,16 are in agreement with those pre-
sented herein.

Regarding the smoking habits of the parents in the present 
study, as in other studies,27 smoking did not influence NTHi coloni-
zation, although approximately 41% of the parents smoked.

The introduction of the PCV for children precipitated stud-
ies of bacterial interactions between S. pneumoniae and H. influ-
enzae in the nasopharynx.13 However, in the present study, vacci-
nation with the PCV13 did not determine the carrier status of H. 
influenzae. However, as only 60% of the children were vaccinated, 
this may have influenced the results. Other studies found that vac-
cination with the conjugate PCV7/PCV13 vaccine was associated 
with colonization by H. influenzae.10,13

The resistance of H. influenzae to β-lactams varies accord-
ing to the geographical area studied. In some cases, the resistance 
to ampicillin may exceed 60%,20,28 which is a serious problem. In 

the present study, the percentage of resistance to ampicillin was 
not very high, similar to that found in other studies conducted in 
Spain,8 France9 and Italy.10 In the Italian study,10 the proportions of 
β-lactamase positive ampicillin-resistant and BLNAR strains were 
similar to those found in the current study. However, the percent-
ages of BLNAR strains reported in other studies differed from those 
in the present study, with some reporting lower percentages8,9,24 and 
others reporting higher percentages.28,29 One study of the resistance 
of H. influenzae to β-lactams reported no BLNAR strains.20

In the current study, the antibiotic resistance of β-lactamases 
to ampicillin did not vary significantly according to the season, a 
finding in accordance with that reported by Marchisio et al.16 How-
ever, the detection of BLNAR strains was significantly associated 
with winter in the present study.

In the study region, fluoroquinolones are widely used antibi-
otics in the general population but not in the pediatric population. 
However, resistance to fluoroquinolones was not observed in the 
present study. This finding is in accordance with the results of other 
studies.20,29
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