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SHORT COMMUNICATION

ABSTRACT

Fifty-eight nasopharyngeal isolates of Haemophilus influenzae were collected from healthy children at a day
care center, and nontypeable isolates were examined by Southern blot for the presence of capsule gene
sequences. Seven isolates (12%) demonstrated homology with capsule-specific sequences. One isolate was
characterized as an H. influenzae type b capsule-deficient strain.
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Haemophilus influenzae is a Gram-negative bacterium that
commonly inhabits the human upper respiratory tract. Isolates
of H. influenzae (Hi) are subdivided into encapsulated and
nonencapsulated forms (10). Encapsulated strains express one
of six structurally and antigenically distinct capsular
polysaccharides, designated serotypes a to f (10). All
encapsulated strains of Hi have genes necessary for
encapsulation (cap genes) (8). Nonencapsulated strains are
defined on the basis of their failure to agglutinate with typing
antisera against the known Hi capsular structures and are
referred to as nontypeable (10). Hi causes bacterial meningitis
and other life-threatening infections in young children and
represents a significant health hazard all over the world. Type b
strains are responsible for over 95% of invasive infections
caused by Hi (15). Musser et al. (7) proposed that the ancestor
of Hi was encapsulated and that serologically nontypeable
clones arose by convergent evolutionary loss of the ability to
synthesize or extracellularly express a polysaccharide capsule.

St Geme et al. (14) reported that 43 (35%) of 123 pharyngeal
isolates of nontypeable Hi collected from healthy 3-year-old
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Finnish children contain capsule sequences. With the
exception of limited data available from studies of Hi type b
(Hib) strains recovered in restricted settings in Brazil and Chile
(6), little is known about the nature of strains from South
America. In this study we examined nasopharyngeal isolates
of serologically nontypeable and typeable Hi and studied these
for their ability to hybridize with the cap gene in the plasmid
pUO38.

In July and December a single nasopharyngeal swab was
obtained from children attending Carochinha, a day care center
on the Ribeirão Preto Campus, São Paulo University. At the
center the children were grouped by age in modules from 6 to 37
months. Hi colonization was investigated in 38 children. This
subpopulation comprised 61% of the children enrolled at the
center. The Ethics Committee in charge of health control at the
day care center approved the research protocol. Signed informed
consent was obtained from a parent or guardian of each child.
After collection, all specimens were placed in modified Stuart
transport medium (Difco, Detroit-USA), transported to the
laboratory and processed immediately.
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Swabs were inoculated onto selective medium consisting
of: 10% horse blood-chocolate brain heart infusion agar plate
(Difco) supplemented with 300 mg/L bacitracin. The isolates
were identified by Gram staining, recognition of typical
morphology on chocolate agar plates, NAD requirement for
growth by the satellite phenomenon on ordinary blood agar,
and by the inability to convert γ aminolevulinic acid (Sigma, St
Louis-USA) to porphyrins. Fermentation of glucose, sucrose,
lactose, xylose and mannose in phenol red broth base (Difco)
was performed for species identification (3). Capsular serotyping
was done by slide agglutination with antisera to Hi types a-f
(Difco). Biotypes were assigned to isolates on the basis of the
ability to produce indole, urease and ornithine decarboxylase
(3). Isolates were long term stored at - 70ºC in supplemented
brain heart infusion broth with 50% glycerol.

High-molecular-weight chromosomal DNA was extracted
from Hi isolates as described by Pitcher et al. (9) and the
NCTC 7279 strain was used as Hib wild-type control. Genomic
DNA (3ug) was digested to completion with EcoRI (Bethesda
Research Laboratories, Gaithersburg-USA) according to
manufacturer instructions, eletrophoresed on 0.7% agarose-
Tris acetate gels, and transferred to nylon membranes. Nick
translation and Southern hybridization were performed by
standard techniques (11) or as described by Smith-Vaughan
et al. (12).

Escherichia coli DH5α was used for plasmid propagation
and the DNA plasmid was isolated by the alkaline method (11).
The pUO38 plasmid contains a complete set of the cap genes
(18.0 kb) from a wild type strain of Hib.

 The nasopharyngeal cultures were positive for Hi in 28
children (75.6%) in July and for 30 children (78.9%) in December
(results not shown). The 58 isolates were biotyped and
serotyped (results not shown). All of them were examined by
Southern analysis after digestion with Eco RI, by probing with
pUO38. Using high-stringency conditions, 13 isolates
demonstrated specific bands of hybridization. Six typeable
isolates showed the type b pattern of hybridization (results not
shown) and seven nontypeable isolates (12%) also showed
specific hybridization. Among the seven nontypeable Hi
isolates with evidence of capsule sequences there were 6
different hybridization patterns. Three of them showed a single
band while the other four showed multiple bands (Table 1).
Although more than 98% of natural isolates of Hib carry a
duplication of 18 kilobases (kb) of DNA at the cap locus, the
loss of a copy of cap gene is a common event as already
described (4,14). A hypothesis discuted by Musser et al. (7) is
that the Hi ancestor is encapsulated and nonencapsulated
strains evolved by point mutations or deletions. If this
hypothetical scenario is correct one prediction would be that
some nonencapsulated strains might contain vestigial capsule
genes. St Geme et al. (14) described the first systematic
examination of nontypeable Hi for evidence of capsule genes

and found 35% of the isolates with this caractheristic, while our
result indicated only 12%. This difference could be explained
by the fact that we examined a small number of isolates.

Fig. 1 shows two Southern hybridization patterns of
nontypeable Hi isolates, which were identical to those described
by St Geme et al. (14). Isolate 22 was identical to St Geme 436,
without the 9.0 kb fragment. Absence of this fragment is typical
of type b strains that have lost one copy of a repeated segment
comprising the cap b locus and become capsule-deficient.

Table 1. Southern hybridization patterns of serologically
nontypeable Haemophilus influenzae isolates that hybridize
with pUO38.

Figure 1. Southern hybridization results with representative
isolates demonstrating hybridization with pUO38. Chromosomal
DNA was digested with Eco RI before Southern analysis. Strains
by lane: 1. isolate 22; lane 2. isolate 26. The sizes of fragments
are indicated on the left in Kilobases.

Isolates Hybridizing Eco RI fragments (Kb)

5, 10 17

8 17, 4.4

14 4.4

22 10.7, 5.6, 4.4, 2.7, 2.1

26 5.6, 5.4

31 4.4, 0.9
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Isolate 26 was identical to the most common St Geme
nontypeable isolates with vestigial cap sequences. The capsule
loss may be a device for evading the host-immune response, as
well as for allowing the organism to adhere better to epithelial
cells (2,13).

Noncapsulated Hib mutants have been reported in different
studies (1,5,14) and the possibility that nonencapsulated Hib
variants can revert to the capsular form and cause new outbreaks
of invasive Hib disease has been carefully considered (12).

In conclusion our data support the hypothesis that
nontypeable strains of Hi could arise from an encapsulate
ancestor, and also reinforce the necessity of monitoring the
presence of Hi at day care centers.
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RESUMO

Verificação da presença de seqüências do gene da
cápsula em cepas não tipáveis de Haemophilus
influenzae isoladas da nasofaringe de crianças

saudáveis em uma creche brasileira

Cinqüenta e oito cepas de Haemophilus influenzae foram
isoladas da nasofaringe de crianças saudáveis que freqüentam
uma creche, e através da técnica de Southern blot foi pesquisada
nas cepas acapsuladas a presença de seqüências do gene
capsular. Sete cepas (12%) caracterizadas sorologicamente
como acapsuladas mostraram homologia com seqüências
específicas da cápsula. Uma cepa foi caracterizada com uma
linhagem H. influenzae tipo b cápsula deficiente.
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