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We conducted a prospective bacteriological survey to investigate antibiotic resistance-related genetic char-
acteristics and the turnover of nasopharyngeal Haemophilus influenzae carriage in healthy children in day-care
centers (DCCs). A total of 363 nasopharyngeal mucus samples were collected from children aged 0 to 6 years
attending two DCCs in the summer of 2004 (n � 184) and the following winter (n � 179). We obtained 172 H.
influenzae isolates and analyzed them by antimicrobial susceptibility testing, PCR for blaTEM-1 and the
penicillin-binding protein (PBP) gene, and pulsed-field gel electrophoresis (PFGE). The overall carriage rate
was 47.4% (172/363), and 37.2% of the isolates (64/172) were ampicillin (AMP) resistant. All the resistant
isolates had a PBP mutation(s), while only three isolates had TEM-1. The carriage rate was significantly higher
in the winter than in the summer (56.4% and 38.6%, respectively), owing to the increase in the numbers of
AMP-susceptible H. influenzae isolates in the winter. Children aged <3 years showed a higher rate of carriage
of H. influenzae isolates with an AMP resistance gene(s) than those aged >4 years (21.9% and 12.6%,
respectively). Forty-two strains with different PFGE patterns were obtained from among the 172 isolates. Only
five strains were observed in both seasons. None of the strains isolated in the summer was isolated from the
same carrier in the winter. Twenty-seven strains (64.3%) were isolated from two or more children, and 25 of
these were each isolated from children belonging to the same DCC. These results indicate the spread of H.
influenzae, particularly those with a PBP mutation(s), and the highly vigorous genetic turnover and substantial
horizontal transmission of this pathogen in healthy children attending DCCs in Japan.

The nasopharyngeal flora is generally thought to be a major
reservoir for bacterial pathogens that cause upper respiratory
tract infections (URIs) in children (2, 7). In recent years, the
morbidity as a result of recurrent URIs, including acute otitis
media, caused by antibiotic-resistant pathogens has been in-
creasing in children, raising a worldwide health problem. Hae-
mophilus influenzae is one of the major bacterial pathogens
colonizing the nasopharynx and often causes acute otitis media
and sinusitis. H. influenzae is known to acquire antibiotic re-
sistance by two different mechanisms: the production of �-lac-
tamases (TEM-1 or ROB-1 type) (19, 41) and mutations in
the penicillin-binding protein (PBP) gene. In Japan, the prev-
alence of �-lactamase-positive ampicillin (AMP)-resistant
(BLPAR) H. influenzae is not high, with such isolates constituting
less than 6% of all clinical H. influenzae isolates (11, 13, 34),
while recent studies have shown that H. influenzae strains with
mutations in the PBP gene, such as �-lactamase-negative
AMP-resistant (BLNAR) H. influenzae and �-lactamase-posi-
tive amoxicillin-clavulanic acid-resistant (BLPACR) H. influ-
enzae, are increasing (12, 30). Ubukata et al. (37, 38) have
discovered several mutations in the ftsI gene, which encodes
PBP 3, in clinically isolated H. influenzae strains. Such muta-

tions are known to lower the affinity of PBPs for �-lactams (20,
21).

There has been a growing awareness of increasing morbidity
as a result of community-acquired infections, particularly those
caused by drug-resistant bacteria. The day-care-center (DCC)
attendance of children has been reported to be one of the risk
factors for URIs, including acute otitis media (1, 4, 39), and for
the nasopharyngeal carriage of bacteria such as H. influenzae
and Streptococcus pneumoniae (7, 27, 32). However, the mo-
lecular epidemiology of H. influenzae in the nasopharynx in
connection with DCC attendance is not fully understood (5, 8,
17, 27, 29, 31, 32, 36, 40, 42). The aim of this study was to
investigate antibiotic resistance-related genetic characteristics
and the turnover of nasopharyngeal H. influenzae carriage in
children attending DCCs.

MATERIALS AND METHODS

Subjects. Children in two DCCs (DCC-A and DCC-B) in a city in Fukuoka
Prefecture in Japan were enrolled in the study. None of the children had been
vaccinated against H. influenzae type b. The survey was performed in July 2004
(summer) and February 2005 (winter). The summer survey included 184 children
(93 boys, 91 girls) ranging in age from 1 to 6 years (average age, 3.0 years). The
winter survey included 179 children (93 boys, 86 girls) ranging in age from 0 to
6 years (average age, 3.7 years). One hundred fifty children participated in both
surveys. Written questionnaires about present illness (otitis media, rhinosinusitis,
tonsillitis, bronchitis, common cold, and allergic rhinitis) were completed by the
children’s parents a few days before sampling for bacteria. Informed consent was
obtained from the parents, and the study was approved by the Ethics Committee
of the University of Occupational and Environmental Health.

Bacterial sampling. Nasopharyngeal mucus was collected transnasally with a
sterile cotton swab (Seed Swab no. 2; Eiken Chemical Co., Ltd., Tokyo, Japan)
and subjected to bacterial culture. The samples were placed on chocolate agar
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plates (Eiken Chemical Co., Ltd.) and incubated under a humidified atmosphere
containing 5% CO2 at 35°C overnight. H. influenzae was identified by standard
microbiological methods (23). The identification criteria were (i) colony mor-
phology on the culture medium, (ii) negativity by Gram staining, (iii) catalase
and oxidase production, and (iv) a requirement for V (hemin) and X (NAD)
factors. If colonies of H. influenzae were present on a plate, a major colony was
extracted and propagated by the same procedure. The isolates were stored in a
stock solution (Microbank; Pro-Lab Diagnostics, Ontario, Canada) at �80°C
until the following analyses.

Antimicrobial susceptibility. The AMP MICs were determined by the broth
microdilution method, in accordance with the guidelines of the Japanese Society
of Chemotherapy (15), by using an Eiken Dry Plate (cation-adjusted Mueller-
Hinton broth with NAD [15 mg/liter], yeast extract [5 g/liter], and lysed horse
blood [20 ml/liter]) (16). Briefly, each well of the plate was inoculated with a
100-�l inoculum containing approximately 5 �104 CFU, and the plate was
incubated at 35°C for 20 h. The MIC was read as the lowest concentration of an
antimicrobial agent at which there was no visible growth. Breakpoints for sus-
ceptibility were provided according to the guidelines of the Clinical and Labo-
ratory Standards Institute (formerly the National Committee for Clinical Labo-
ratory Standards) (25). �-Lactamase production was detected with nitrocefin
disks (cefinase; Becton, Dickinson and Company, Sparks, MD).

PCR analysis. Four sets of primers (Wakunaga Pharmaceutical Co. Ltd.,
Osaka, Japan) were used. P6 primers were used to amplify the p6 gene, which
encodes the P6 membrane protein specific for H. influenzae (26). The primers
can generally distinguish H. influenzae from Haemophilus haemolyticus but can-
not completely rule out the presence of some nonhemolytic H. haemolyticus
strains (22). TEM-1 primers were used to amplify a part of the blaTEM-1 gene
(33). PBP3-S primers were used to identify an Asn-5263Lys-526 substitution in
the ftsI gene (11, 12, 38). PBP3-BLN primers were used to identify a Ser-
3853Thr-385 substitution in the ftsI gene (11, 12, 38). A single colony of H.
influenzae on the chocolate agar plate was extracted and suspended in 30 �l of
lysis solution (1 M Tris [pH 8.9] containing 4.5% Nonidet P-40, 4.5% Tween 20,
and 10 mg/ml proteinase K) in a microcentrifuge tube. The tube was placed in a
thermal cycler (PCR thermal cycler MP; Takara Bio Inc., Shiga, Japan) and
heated at 60°C for 10 min and at 94°C for 5 min to lyse the bacterial cells. Two
microliters of the bacterial lysate was then dispensed into each of three tubes:
The tubes contained two sets of primers for P6 and TEM-1, primers for PBP3-S,
and primers for PBP3-BLN, respectively, dissolved in 30 �l of a reaction mixture
consisting of 3 �l of 10� PCR buffer, 3 �l of a deoxynucleoside triphosphate
mixture at a concentration of 2 mM, 1.2 U of Tth DNA polymerase (Toyobo, Co.,
Ltd., Osaka, Japan), and 4 pmol of both the sense and the reverse primers. The
PCR cycling conditions were 30 cycles at 94°C for 15 s, 53°C for 15 s, and 72°C
for 15 s. The amplified DNA fragments were analyzed by gel electrophoresis with
3% agarose.

On the basis of the PCR results, the H. influenzae strains tested were classified
into six groups (11, 12, 38): �-lactamase-negative AMP-susceptible (BLNAS)
strains, which lack all the resistance genes; BLPAR strains, which have the
blaTEM-1 gene; low-BLNAR strains, which show low-level resistance associated
with the substitution of Lys-526 in ftsI; BLNAR strains, which show resistance
associated with the substitution of Lys-526 and Thr-385 in ftsI; BLPACR I
strains, which have the blaTEM-1 gene and ftsI with the same substitution as the
low-BLNAR strains; and BLPACR II strains, which have the blaTEM-1 gene and
ftsI with the same substitution as the BLNAR strains.

PFGE. Pulsed-field gel electrophoresis (PFGE) analysis was carried out by a
modification of the method of Yano et al. (42). The bacteria were suspended in
50 mM EDTA (pH 8.0) at a concentration of a no. 1 McFarland standard. The
pellet was mixed with an equal volume of melted 1.2% chromosomal-grade
agarose (Bio-Rad Laboratories, Richmond, CA). The mixture was poured in a
mold and chilled, and the resultant plugs were treated with 0.5 ml of lysis solution
I (6 mM Tris-HCl [pH 8.0], 0.1 M EDTA, 0.5% Brij 58, 0.2% sodium deoxy-
cholate, 0.5% Sarkosyl, 0.8 mg/ml of lysozyme [Wako Pure Chemical Industries,
Ltd., Japan], and 10 �g/ml of RNase [Nippon Gene, Co., Ltd., Tokyo, Japan]) at
37°C for 12 h and treated with 0.5 ml of lysis solution II (0.5 M EDTA [pH 8.0],
1% Sarkosyl, and 0.25 mg/ml of proteinase K [Wako Pure Chemical Industries,
Ltd.]) at 50°C for 24 h. For restriction endonuclease digestion, the plugs were
incubated with 30 U of SmaI (Takara Bio Inc.) in restriction enzyme buffer at
30°C for 16 h.

DNA fragments were electrophoresed in a 1% agarose gel at 6 V/cm and 14°C
for 22 h with a 3- to 60-s pulse time with CHEF Mapper and CHEF Mapper XA
pulsed-field electrophoresis systems (Bio-Rad Laboratories). A bacteriophage
lambda ladder (Bio-Rad Laboratories) was used as a size standard. The PFGE
patterns were visually compared and evaluated according to the criteria devel-

oped by Tenover et al. (35). Isolates that showed indistinguishable PFGE pat-
terns were considered the same strain (42).

Statistics. Statistical analyses were performed with StatView-J software (ver-
sion 5.0; SAS Institute Inc., Cary, NC). The chi-square test or Fisher’s exact test
was used to evaluate the statistical significance of the differences. P values of
�0.05 were considered statistically significant.

RESULTS

The overall percentages of children who were under treat-
ment for otitis media, rhinosinusitis, tonsillitis, bronchitis,
common cold, and allergic rhinitis were 1.4% (5/363), 4.7%
(17/363), 0.6% (2/363), 0.3% (1/363), 0.8% (3/363), and 2.5%
(9/363), respectively. No significant difference in morbidity was
observed between seasons or ages.

There were 172 H. influenzae isolates from 363 samples
during the two seasons, and all possessed the p6 gene. Three
isolates were positive for �-lactamase, as detected with nitro-
cefin disks, and they all had the TEM-1-type �-lactamase gene.
Among the 172 isolates, the percentages of isolates of each
resistance class were as follows: 62.8% (108/172) for BLNAS
strains, 10.5% (18/172) for low-BLNAR strains, 25.0% (43/
172) for BLNAR strains, and 1.7% (3/172) for BLPACR II
strains. Neither BLPAR nor BLPACR I strains were detected.

Table 1 summarizes the genetic differences of the H. influ-
enzae strains isolated between seasons and age groups. The
overall carriage rate was 47.4% (172/363), and the rate of
carriage of H. influenzae strains in which any of the AMP
resistance genes were detected by PCR was 17.6% (64/363).
TEM-1 was detected in only 0.8% of the samples (3/363). The
rate of nasopharyngeal carriage of H. influenzae was signifi-
cantly increased in winter than in summer (56.4% and 38.6%,
respectively; P � 0.01): the rate of carriage of H. influenzae
without an AMP resistance gene(s) was higher in winter than
in summer (39.7% and 20.1%, respectively; P � 0.05), whereas
the rate of carriage of H. influenzae with an AMP resistance
gene(s) was not statistically different between the seasons. On
the other hand, children aged �3 years showed a higher rate of
carriage of H. influenzae with an AMP resistance gene(s) than
those aged �4 years (21.9% and 12.6%, respectively; P �
0.05), but the rate of carriage of H. influenzae without an AMP
resistance gene(s) was not statistically different between the
age groups.

Figure 1 shows a histogram of the AMP MICs. Overall,
86.6% of the isolates (149/172) were AMP susceptible
(MICs � 1 �g/ml) and 11.6% of the isolates (20/172) were
AMP resistant (MICs � 4 �g/ml). Among the isolates col-
lected in the summer, 71.8% (51/71) were AMP susceptible
and 23.9% (17/71) were AMP resistant. Among the isolates
collected in the winter, the proportion of AMP-susceptible
isolates increased from that in the summer to 97.0% (98/101),
while only 3.0% of isolates (3/101) were AMP resistant.

The characteristics of the isolated H. influenzae strains with
different PFGE patterns are listed in Table 2. Forty-two dif-
ferent PFGE patterns and, thus, 42 different strains were ob-
tained from among the 172 isolates and were designated
strains S1 to S42. Of the 42 strains, 37 strains consisted of
isolates in a single PCR-based class. Three isolates classified as
BLPACR II strains by the PCR results were identified as the
same strain (strain S42). Every strain except strains S24 and
S28 showed a narrow range of AMP MICs. Only five strains
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(strains S17, S18, S19, S24, and S31) were observed in both
seasons. None of the strains isolated in the summer was iso-
lated from the same carrier in the winter. Twenty-seven strains
(64.3%) were isolated from two or more children, and 25 of
these were each isolated from children belonging to the same
DCC. Twelve strains (28.6%) were isolated from five or more
children, and 10 of these were isolated from children belonging
to the same DCC. Such findings suggesting horizontal trans-
mission were not dependent on the season, the age of the child,
or genetic mutations in the PBP gene.

DISCUSSION

The overall rate of nasopharyngeal carriage of H. influenzae
in the present study was 47.4%, roughly equal to that reported
by Masuda et al. (53.2%) in Japanese children in a similar
situation (18). The rates of H. influenzae carriage in Europe
and North America range from 11.7% to 95.0% among chil-

dren attending DCCs, living in orphanages, or attending
schools in various situations (3, 5, 8, 17, 18, 27, 28, 31, 32, 36).
Such a wide dispersion may be explained by the fact that the
carriage rate is dependent on multiple factors, such as age,
season, the size of the facility, antibiotic treatment, morbidity
from acute URIs, the sampling technique, and the type of
infant feeding (9).

Previous reports on seasonal differences in the rate of H.
influenzae carriage have been controversial: Some authors have
documented an increased rate in the spring (32), while some
others have found no significant differences between seasons
(5, 17). Our results showed that the carriage rate was signifi-
cantly higher in the winter than in the summer, as listed in
Table 1. There are several potential reasons for this trend: cold
weather increases the opportunity for indoor activities, leading
to close interpersonal contact. Insufficient room ventilation
would facilitate the airborne transmission of pathogens. Viral
URIs, which predominantly occur in winter, may also impair
the local host defense and help H. influenzae adhere to the
nasopharyngeal mucosa.

The present study also indicated that the increase in the H.
influenzae carriage rate in the winter was due to the increase in
the proportions of antibiotic-susceptible H. influenzae isolates;
by contrast, the rate of carriage of antibiotic-resistant H. influ-
enzae did not differ between the two seasons. Antibiotic use is
known to be a major risk factor for the occurrence of resistant
bacteria. Several studies have revealed the potential impact of
antibiotic use on the increase in the rate of nasopharyngeal
carriage of resistant H. influenzae isolates in children (3, 6, 28,
29, 40). In our study, the percentage of children who were
under treatment for common infantile inflammatory diseases
did not differ between the summer and the winter. This finding
suggests that the percentage of children who were given anti-
biotics also did not differ between the two seasons, correspond-
ing to the constant rate of carriage of resistant strains.

The present study demonstrated that there was no signifi-
cant difference in the rate of H. influenzae carriage between the
age groups; however, the rate of carriage of antibiotic-resistant
H. influenzae isolates was higher in younger children than in
older children. It has been known that children aged 1 to 2

TABLE 1. Genetic differences of the H. influenzae strains isolated by season and age

Isolate

No. of isolates (% carriage)

Season Age
Overall (n � 363)

Summer (na � 184) Winter (n � 179) P value �3 yr (n � 196) �4 yr (n � 167) P value

All H. influenzae isolates 71 (38.6) 101 (56.4) �0.01 98 (50.0) 74 (44.3) NSb 172 (47.4)

H. influenzae without AMP
resistance gene(s)

37 (20.1) 71 (39.7) �0.05 55 (28.1) 53 (31.7) NS 108 (29.8)

H. influenzae with AMP
resistance gene(s)

34 (18.5) 30 (16.8) NS 43 (21.9) 21 (12.6) �0.05 64 (17.6)

Asn-5263Lys-526
substitution

34 (18.5) 30 (16.8) NS 43 (21.9) 21 (12.6) �0.05 64 (17.6)

Ser-3853Thr-385
substitution

23 (12.5) 23 (12.8) NS 33 (16.8) 13 (7.8) �0.05 46 (12.7)

TEM-1 3 (1.6) 0 (0) NS 3 (1.5) 0 (0) NS 3 (0.8)

a n, total number of samples.
b NS, not significant.

FIG. 1. Histogram of AMP MICs.
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years are more likely than older children to contract repeated
ear infections (10) and that an early age at which attendance at
a DCC begins increases the risk of recurrent otitis media (24).
This may suggest that younger children have more of a chance
of receiving antibiotic treatment, which would potentially in-
duce resistance genes.

The majority of the resistant isolates in our study were low-
BLNAR/BLNAR strains, whereas only three isolates (1.7% of
all H. infuenzae isolates) were �-lactamase positive. In other
countries, BLPAR strains are more prevalent, while BLNAR
strains are present at low levels; the rates of carriage of
BLPAR and BLNAR strains have been reported to be from 3.7
to 55.3% and 0.9 to 2.8%, respectively, in children attending
DCCs or living in orphanages (3, 5, 28, 32). In contrast, con-
verse observations have been documented in Japan (11, 13, 18,
34). Hasegawa et al. (11) found that 44.9% of H. influenzae
clinical isolates were resistant and that low-BLNAR/BLNAR

strains accounted for 39.6% of clinical isolates (88.2% of re-
sistant strains). Recent surveys in Japan also revealed that the
percentage of AMP-resistant isolates among clinically isolated
H. influenzae strains ranges from 4.8% to 15.7% (11, 13, 37).
The present results showed similar percentages of low-
BLNAR/BLNAR strains (35.5%) and AMP-resistant H. influ-
enzae strains (11.6%), suggesting the spread of these resistant
strains in healthy children attending DCCs in Japan. Such
peculiar characteristics of antibiotic-resistant H. influenzae
strains, i.e., the small percentage of �-lactamase-positive
strains and the predominance of low-BLNAR/BLNAR strains,
may have been caused by the extensive use of cephem antibi-
otics throughout Japan (11, 12).

Because PFGE analysis does not necessarily reflect all ge-
netic mutations, isolates indistinguishable by PFGE may not be
genetically identical. Molecular research with H. influenzae
strains has revealed that strains with an indistinguishable

TABLE 2. Characteristics of H. influenzae strains with different PFGE patterns

PFGE pattern Strain type by PCR AMP MIC range
(�g/ml)

No. of carriers

Age DCC-A/DCC-B

�3 yr �4 yr Summer Winter

S1 BLNAS �0.12 2 1 3/0 0/0
S2 BLNAS �0.12 7 0 0/0 7/0
S3 BLNAS �0.12 1 2 0/0 3/0
S4 BLNAS �0.12 1 3 0/0 4/0
S5 BLNAS �0.12 0 1 0/0 1/0
S6 BLNAS �0.12 1 4 0/0 5/0
S7 BLNAS �0.12 0 1 0/0 1/0
S8 BLNAS �0.12 1 5 0/0 0/6
S9 BLNAS �0.12 7 10 0/0 0/17
S10 BLNAS �0.12 0 5 0/0 0/5
S11 BLNAS �0.12 1 1 0/0 0/2
S12 BLNAS �0.12 2 6 0/0 0/8
S13 BLNAS �0.12 1 3 0/0 0/4
S14 Low-BLNAR �0.12 1 0 0/0 0/1
S15 BLNAR �0.12 0 1 0/0 1/0
S16 BLNAR �0.12 0 1 0/0 0/1
S17 BLNAS �0.12–0.25 5 2 3/1 3/0
S18 BLNAS �0.12–0.25 2 5 0/4 3/0
S19 BLNAS, BLNAR �0.12–0.25 1 3 0/3 1/0
S20 BLNAS 0.25 3 1 4/0 0/0
S21 BLNAS 0.25 1 0 0/1 0/0
S22 BLNAS 0.25–0.5 12 1 13/0 0/0
S23 BLNAS 0.25–0.5 4 0 4/0 0/0
S24 BLNAS 0.25–4 2 0 0/1 0/1
S25 Low-BLNAR 0.5 1 0 1/0 0/0
S26 BLNAR 0.5 1 0 0/0 0/1
S27 BLNAS, BLNAR 0.5–1 2 0 2/0 0/0
S28 Low-BLNAR, BLNAR 0.5–8 2 0 2/0 0/0
S29 Low-BLNAR 1 1 4 0/5 0/0
S30 Low-BLNAR 1 0 2 0/2 0/0
S31 Low-BLNAR, BLNAR 1 16 6 2/0 9/11
S32 Low-BLNAR, BLNAR 1 3 1 0/0 0/4
S33 BLNAR 1 0 1 1/0 0/0
S34 BLNAR 2–4 8 1 0/9 0/0
S35 BLNAR 4 1 0 1/0 0/0
S36 Low-BLNAR 8 1 0 0/0 0/1
S37 BLNAR 8 1 0 1/0 0/0
S38 BLNAR 8 1 0 1/0 0/0
S39 BLNAR 8 1 2 0/3 0/0
S40 BLNAR 8 1 0 0/1 0/0
S41 BLNAR 8 0 1 0/0 1/0
S42 BLPACR II �16 3 0 0/3 0/0
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PFGE pattern may have heterogeneous mutations in the PBP
gene (14). However, the present study demonstrated a consid-
erable correlation between PFGE patterns and PCR results: of
the 42 strains, 37 strains consisted of isolates in a single PCR-
based class. Although there were five strains that included
isolates in the different PCR-based classes, three of them com-
prised closely related strains: low-BLNAR and BLNAR
strains. Moreover, almost every strain showed a narrow range
of AMP MICs. These observations indicate that molecular
typing by PFGE is a useful tool for the epidemiological inves-
tigation of H. influenzae.

We observed a highly vigorous genetic turnover of H. influ-
enzae strains in the nasopharynx: none of the children carried
the same strain in both the summer and the winter, and only
five strains were detected in both seasons. Several previous
studies have used PFGE to investigate the molecular epidemi-
ology, dynamics, and variable genetic heterogeneity of H. in-
fluenzae colonizing the upper respiratory tracts of children (5,
8, 27, 31, 32, 42). Peerbooms et al. (27) documented that 35.7%
of children attending DCCs were H. influenzae positive in the
first sampling, about half of the carriers became negative in the
second sampling performed 1 month later, and only 7.0% of
the remaining half carried an isolate with the same genotype as
that in the first sampling. Sulikowska et al. (32) conducted
bacterial sampling from the nasopharynges of children in a
DCC or an orphanage in the winter and in the following spring
and found that of the 22 pairs of H. influenzae isolates, 19 pairs
were heterogeneous by PFGE analysis.

We also revealed that about two-thirds of the strains colo-
nized two or more children, who mostly belonged to the same
DCC. This finding suggests the substantial occurrence of the
horizontal transmission of H. influenzae among healthy chil-
dren in DCCs.

In conclusion, we investigated the characteristics of naso-
pharyngeal H. influenzae carriage in children attending DCCs
by means of antimicrobial susceptibility testing, PCR, and
PFGE in the summer of 2004 and in the following winter.
Nearly half of the children were H. influenzae carriers, and
37.2% of the isolates were resistant, most of which were low-
BLNAR and BLNAR. We also observed a highly vigorous
genetic turnover and the substantial occurrence of the hori-
zontal transmission of H. influenzae among these children.
Hygienic and prophylactic countermeasures against this health
problem need to be taken without delay.
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