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Abstract

A total of 1712 strains of Haemophilus influenzae isolated from
patients with invasive diseases were obtained from ten Brazilian states
from 1996 to 2000. B-Lactamase production was assessed and the
minimum inhibitory concentrations (MIC) of ampicillin, chloram-
phenicol, ceftriaxone and rifampin were determined using a method
for broth microdilution of Haemophilus test medium. The prevalence
of strains producing B-lactamase ranged from 6.6 to 57.7%, with an
overall prevalence of 18.4%. High frequency of 3-lactamase-mediated
ampicillin resistance was observed in Distrito Federal (25%), Sdo
Paulo (21.7%) and Parana (18.5%). Of the 1712 strains analyzed, none
was [3-lactamase negative, ampicillin resistant. A total of 16.8% of the
strains were resistant to chloramphenicol, and 13.8% of these also
presented resistance to ampicillin, and only 3.0% were resistant to
chloramphenicol alone. All strains were susceptible to ceftriaxone and
rifampin and the MICq, were 0.015 pg/ml and 0.25 pg/ml, respec-
tively. Ceftriaxone is the drug of choice for empirical treatment of
bacterial meningitis in pediatric patients who have not been screened
for drug susceptibility. The emergence of drug resistance is a serious
challenge for the management of invasive H. influenzae disease,
which emphasizes the fundamental role of laboratory-based surveil-
lance for antimicrobial resistance.
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Introduction

Haemophilus influenzae is a major cause
of severe systemic infection in childhood. It
is also the second most common etiological
agent, after the pneumococci, of acute otitis
media in preschool children (1,2).

Before the first H. influenzae type b (Hib)
polysaccharide vaccine was introduced in

1985, Hib was the most common cause of
bacterial meningitis in children up to five
years old in developed countries. The inci-
dence of Hib ininvasive disease among young
children has declined dramatically since the
introduction of Hib conjugate vaccines in the
1990’s (3-5).

In Brazil there is no epidemiological pat-
tern for the country as a whole, suggesting
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differences in the quality of Brazilian men-
ingitis surveillance programs in each area
(6). The incidence of Hib during the period
from 1996 to 1999 in children under four
years of age was 18.7 cases per 100,000
inhabitants (Health Ministry, National
Health Foundation, National Program of
Immunization, Immunization. Available at
<http://www.funasa.gov.br/imu/imu01.htm>).

Soon after its introduction in the 1990’s,
the Hib conjugate vaccine was only avail-
able from private clinics at a high cost. Thus,
most of the population had no access to this
efficient preventive measure. The Ministry
of Health of Brazil introduced the Hib conju-
gate vaccine in the childhood immunization
schedule in 1999 but the impact of large
scale immunization has not yet been evalu-
ated.

The problem of ampicillin resistance has
become increasingly more frequent in H.
influenzae. -Lactamase-producing strains
are more common in children than in adults
(7). Plasmid-mediated extracellular TEM-1
type B-lactamase producer strains of H. in-
fluenzae were first reported in the early
1970’s (8-10). Subsequently, H. influenzae
strains producing a second type of B-lacta-
mase called ROB-1 were described, although
ROB-1 production was much less extensive
than TEM production (11). More recently,
H. influenzae strains referred to as B-lacta-
mase-negative (BLNAR) have been de-
scribed but are fortunately uncommon (12-
14).

The Adolfo Lutz Institute is a National
Reference Center for Meningitis which re-
ceives, identifies and stores the strains iso-
lated from meningitis cases from various
Brazilian States which are sent to the Insti-
tute through the Central Public Health Labo-
ratories, and from public hospitals in greater
Sao Paulo.

The objective of the present investiga-
tion was to conduct an exploratory study on
the samples received during the period from
1996 to 2000 in Brazil in order to set up a
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program of laboratory-based epidemiologi-
cal surveillance as a function of the profile of
antibiotic resistance and B-lactamase pro-
duction by H. influenzae strains isolated from
children with invasive disease.

Material and Methods

Setting and study population

The study included bacterial strains sent
by the network of Central Public Health
Laboratories located in several Brazilian
states to the National Meningitis Reference
Center, Adolfo Lutz Institute, Central Public
Health Laboratory, Sao Paulo, SP, Brazil.
The strains were isolated from patients ad-
mitted to the public hospital network and
were submitted to routine microbiological
analysis. The strains were from the follow-
ing states: Bahia (N = 324), Pernambuco
(N =313), Ceara (N = 10), Distrito Federal
(N =268), Goias (N = 19), Sao Paulo (N =
557), Minas Gerais (N = 31), Parana (N =
119), Santa Catarina (N =45), and Rio Gran-
de do Sul (N = 26). All strains were isolated
from patients with invasive disease. The per-
cent of children up to 5 years old enrolled in
this study was 75%.

Bacterial isolates and identification

The study included 1712 H. influenzae
strains received between 1996 and 2000. Of
these, 87.4% were isolated from cerebrospi-
nal fluid, 11.6% from blood, and 0.9% from
pleural fluid. Isolates were identified by
colony and cell morphology and by the dem-
onstration of growth requirements for V and
X factors. The V factor requirement was
tested by observing the satellite phenome-
non and the X factor dependence was deter-
mined by testing the ability to convert -
aminolevulinic acid into porphyrins. Strains
were further characterized by biochemical
reactions by the method of Kilian and
Biberstein (15). Capsulated strains were
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serotyped by the method of Pitman (16)
using slide agglutination with type-specific
antisera a through f.

Antimicrobial susceptibility testing

All strains were subcultured twice onto
chocolate agar plates (Difco Laboratories,
Detroit, MI, USA) and incubated at 37°C in
5% CO, for 18 to 24 h before testing. The
minimum inhibitory concentration (MIC) of
antimicrobial agents was determined by mi-
crodilution broth methods in Haemophilus
test medium (cation-supplemented Mueller-
Hinton Broth, BBL Microbiology Systems,
Cockeysville, MD, USA) supplemented with
15 pg/ml bovine hematin, 15 pg/ml NAD
and 5 pg/ml yeast extract (Difco) containing
one of the following antimicrobial agents in
two-fold dilutions: 0.06-64 pg/ml ampicil-
lin, 0.015-16 pg/ml chloramphenicol, 0.001-
2 pg/ml ceftriaxone, and 0.007-8 pg/ml
rifampin (17; Sigma, St. Louis, MO, USA).
Antibiotic panels were prepared by dispens-
ing media containing two-fold concentration
increments of antimicrobial agents in a 50-pl
volume into 96-well plastic trays (Difco).
Growth from 18- to 24-h cultures was sus-
pended in distilled water and diluted to match
the turbidity, corresponding to 0.5 McFarland
standard, and absorbance at 625 nm was
read with a spectrophotometer. The suspen-
sion was further diluted 1:100 and added to
the dilution trays to achieve a final inoculum
of 5 x 10° CFU/ml. Colony counts were
performed to confirm the desired final in-
oculum (17). Immediately following inocu-
lation, the microdilution panels were incu-
bated at 37°C in ambient air for 20 to 24 h.
After incubation, the MIC was defined as the
lowest concentration of an antimicrobial
agent required for an organism to show no
evidence of growth. According to the criteria
of the National Committee for Clinical Labo-
ratory Standards (17), the organisms were
considered resistant/susceptible if the MIC
were >/< 4/1 pg/ml for ampicillin, 8/2 pg/ml

for chloramphenicol, and 4/1 pg/ml for
rifampin, and susceptible if the MIC were <2
png/ml for ceftriaxone. Haemophilus influen-
zae ATCC 49247 was used as control.

R-Lactamase assay

Production of B-lactamase was deter-
mined by the chromogenic cephalosporin
method (10) using reconstituted lyophilized
nitrocefin (Glaxo 87/312, Glaxo Research,
Unipath Ltd., Hampshire, England). The test
was considered positive if the yellow color
changed to purple. Haemophilus influenzae
ATCC 49247 was used as negative control
and Staphylococcus aureus ATCC 29213
was used as positive control.

Results
Biotypes and serotypes

Among our samples we found 993
(58.0%) strains belonging to biotype I, 663
(38.7%) to biotype II and 56 (3.3%) to bio-
types III, IV, V and VI. Type b serotype
accounted for 95.8% (1640/1712) of the
strains, serotype a for 2.0% (34/1712), sero-
type ¢ for 0.2% (3/1712), serotype d for
0.4% (6/1712), serotype e for 0.1% (2/1712),
serotype f'for 0.4% (6/1712), and non-typable
strains for 1.2% (21/1712).

Antimicrobial resistance patterns

The percent of resistant strains in several
Brazilian states is shown in Table 1. The
overall frequency of ampicillin-resistant
strains that produced -lactamase was 18.4%
(Table 2). The percent of B-lactamase-pro-
ducing strains was 18.6% for children aged
less than 5 years (208/1113). The frequency
of B-lactamase-producing strains rose gradu-
ally from 15.3% in 1996 to 17.4% in 1997,
18.6% in 1998, 20.9% in 1999, and 18.8% in
2000. The overall frequency of chloram-
phenicol resistance was 16.8% (287/1712),
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presenting the pattern shown in Table 1;
13.8% (236/1712) of these strains showed
associated resistance to ampicillin and 3%
(51/1712) of the strains showed resistance to
chloramphenicol alone. The frequency of B-
lactamase-producing strains ranged from 6.6
to 57.7% according to the various states.

Table 1. Distribution of antimicrobial resistance patterns of Haemophilus influenzae
isolated from 1996 to 2000 in different Brazilian states.

State No. of strains No. (%) of resistance pattern to
Only Only Chloramphenicol
ampicillin chloramphenicol and ampicillin

Northeast

Bahia 324 4(1.2) 7 (2.2) 21 (6.5)

Ceara 10 0 0 5 (50.0)

Pernambuco 313 5 (1.6) 13 (4.2) 28 (8.9)
Centralwest

Distrito Federal 268 7 (2.6) 14 (5.2) 60 (22.3)

Goids 19 2 (10.5) 0 5 (26.3)
Southeast

Séao Paulo 557 42 (7.5) 14 (2.5) 79 (14.1)

Minas Gerais 31 3(9.6) 1(3.2) 14 (45.1)
South

Parana 119 5 (4.2) 0 17 (14.3)

Santa Catarina 45 1(2.2) 2 (4.4) 2 (4.4)

Rio Grande do Sul 26 10 (38.5) 0 5(19.2)
Total 1712 79 (4.6) 51 (3.0) 236 (13.8)

The values used for the calculation of resistance, >4.0 pg/ml ampicillin, >8.0
pg/ml chloramphenicol, are in accordance with the National Committee for Clinical
Laboratory Standards (17). The numbers given within parentheses are percent.

Table 2. Distribution of 3-lactamase-positive and -negative strains of Haemophilus
influenzae isolated from 1996 to 2000 in different Brazilian states

State No. of No. (%) of No. (%) of
strains R-lactamase positive R-lactamase negative
Bahia 324 25 (7.7) 299 (92.3)
Ceara 10 5 (50.0) 5 (50.0)
Pernambuco 313 33 (10.5) 280 (89.5)
Distrito Federal 268 67 (25.0) 201 (75.0)
Goias 19 7 (36.8) 12 (63.2)
Sao Paulo 557 121 (21.7) 436 (78.3)
Minas Gerais 31 17 (54.8) 14 (45.2)
Parana 119 22 (18.5) 97 (81.5)
Santa Catarina 45 3 (6.7) 42 (93.3)
Rio Grande do Sul 26 15 (57.7) 11 (42.3)
Total 1712 315 (18.4) 1397 (81.6)

The numbers within parentheses are percent.
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Strains from Rio Grande do Sul and Minas
Gerais showed the highest frequencies of B-
lactamase production, corresponding to 57.7
and 54.8%, respectively. Similarly, the low-
est frequency (6.7%) of B-lactamase-medi-
ated ampicillin resistance was observed in
Santa Catarina State. Sdo Paulo State and
Distrito Federal showed similar frequencies
of B-lactamase-producing strains, corre-
sponding to 21.7% and 25.0%, respectively.
Among strains isolated in the municipality
of Sao Paulo the frequency of B-lactamase-
producing strains was 18.9%. Among the
1712 strains analyzed, none was BLNAR.
Data concerning the MICs, and MICy, of §3-
lactamase-positive and -negative strains are
summarized in Table 3. All H. influenzae
strains were extremely susceptible to
ceftriaxone and rifampin, exhibiting MICy,
values 0of 0.015 and 0.25 pg/ml, respectively.

Discussion

Since the late 1970’s when antibiotic
resistance increased among H. influenzae
strains, ampicillin resistance, mainly that
mediated by B-lactamase, was the form of
resistance most frequently found among these
strains. In S@o Paulo municipality, Brazil,
the prevalence of ampicillin resistance and
3-lactamase-producing strains has already been
reported, with a mean frequency of 13.8%
(18,19).

The present study shows that the overall
frequency of B-lactamase producers in H.
influenzae was 18.4%. Similar results have
also been obtained in collaborative interna-
tional studies (2,7,14). However, in studies
carried out in Brazil, the mean frequency of
3-lactamase producers was 12% among
strains isolated from the respiratory tract,
but these studies did not report the serotype
of the isolates (20,21). Doern et al. (7) de-
tected a 12.1% frequency of B-lactamase-
producing strains among non-typable H. in-
fluenzae strains. The prevalence of ampicil-
lin-resistant [-lactamase-producing strains
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has been increasing among non-typable H.
influenzae in the United States (2). There is
often an association between high frequen-
cies of B-lactamase and production of the
type b capsule and isolated meningitis strains,
especially among patients aged 6 months to
6 years (12,22). Our isolates showed a 95.9%
frequency of type b strains and an 87.4%
frequency of samples isolated from cere-
brospinal fluid. The B-lactamase-producing
strains presented a MICy, of 64 ng/ml for
ampicillin and 16 pg/ml for chlorampheni-
col (Table 3), with most strains resistant to
ampicillin being also resistant to chloram-
phenicol (Table 1). The resistance to ampi-
cillin is coded by a plasmid which harbors
the TnA transposons, and the transposition
mechanism is important for the evolution to
plasmids simultaneously carrying multiple
resistance (23,24). A better indicator of in-
creasing resistance to B-lactam antibiotics
among H. influenzae would be a significant
shift in MIC,, values over a period of time
(24,25).

The overall frequency of resistance to
chloramphenicol was 16.8%, with only 3%
of these strains being resistant to chloram-
phenicol alone, and 13.8% of these samples
were resistant to ampicillin as well (Table 1).
Chloramphenicol resistance in H. influenzae
occurs worldwide, although the incidence of
these strains tends to be lower than that of 3-
lactamase-producing strains (26). Spain is
one of the countries where higher frequen-
cies of antibiotic resistance have been docu-
mented. Among community-acquired bacte-
rial isolates in particular, resistance frequen-
cies are among the highest in the European
Union (27).

During the 5 years of study, an increase
was observed in the frequency of [3-lacta-
mase-producing strains from 15.3% in 1996
to 18.8% in 2000. The increase of B-lacta-
mase-producing strains that are resistant to
ampicillin has been observed in other coun-
tries, with different percentages depending
on the region studied (2,7,12,14). Differ-

ences were observed between overall fre-
quencies of B-lactamase-producing strains
from states located in different geographic
regions. Probably the number of strains was
scarce, with the States of Ceara, Minas Geralis,
Goias and Rio Grande do Sul presenting a
smaller number of strains compared to the
others, with a consequent possible bias be-
ing introduced into the data base. It is tempt-
ing to infer that this reflects geographic pat-
terns of B-lactamase production. Grouping
of study centers into geographic regions was
never done to demonstrate any consistent
trends. More population data are necessary
to perform a comparative analysis of geo-
graphic regions. A study involving medical
centers throughout the United States showed
that 3-lactamase production is related to pa-
tient demographics rather than to geography
.

The vast Brazilian territory with its dif-
ferent climatic and socioeconomic condi-
tions may contribute to the differences in the
percentage of B-lactamase production and in
the profile of resistance to the antimicrobial
agents studied. However, the number of
samples investigated was not large enough
to determine the significance of the results.

Lower frequencies of 3-lactamase-medi-
ated ampicillin resistance were observed in
Santa Catarina (6.7%), Pernambuco (10.5%)
and Bahia (7.7%), the last two belonging to
the same geographic region, unlike Santa
Catarina which is located 3000 km to the
South, with climatic conditions of a sub-
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Table 3. Minimum inhibitory concentrations, MICsg and MICgq (ug/ml), of R-lactamase-
positive and -negative Haemophilus influenzae strains isolated in Brazil between 1996

and 2000.
Antimicrobial R-Lactamase Range R-Lactamase Range
agent positive negative

MICsp MICgqq MICgsg MICgg
Ampicillin 16 64 (2-64) 0.125 0.25 (0.015-0.25)
Chloramphenicol 8.0 16 (0.03-16) 0.5 1.0 (0.03-1.0)
Ceftriaxone 0.003 0.007 (0.001-0.015)  0.003 0.015 (0.001-0.015)
Rifampin 0.125 0.25 (0.003-0.25) 0.125 0.25 (0.003-0.25)

Braz ) Med Biol Res 35(11) 2002
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tropical zone, while states in the northern
region have tropical climatic conditions. High
frequencies of B-lactamase-mediated ampi-
cillin resistance were observed in Distrito
Federal (25%), Sao Paulo (21.7%) and Parana
(18.5%). In Sao Paulo municipality, with a
population 0f 9,713,692 million and a demo-
graphic density of 6,823.68 inhabitants/km?
(28), the overall frequency of B-lactamase
production was 18.9% and the frequency
during the period from 1989 to 1995 was
13.8% (19). The high resistance frequency
in these states may perhaps be due to the fact
that they comprise population strata with
greater acquisitive power that may permit
the purchase of antimicrobial agents, even
though most of the samples were from pub-
lic hospitals whose clients usually represent
a low income population. The emergence of
resistance to antimicrobial agents is becom-
ing a major public health problem world-
wide, especially in hospital-acquired infec-
tions. Infectious disease experts are particu-
larly concerned because organisms resistant
to available antimicrobial drugs have been
isolated in hospitals worldwide (29). The
high resistance frequency mainly in the city
of Sao Paulo could be explained by the fact
that this is an important economic center in
the country with extensive national and in-
ternational migration. With increasing travel
and patient movement throughout the world,
the situation exists for transmission of multi-
drug-resistant pathogens from one country
or continent to another (30).

The States of Goias, Ceara, Minas Gerais
and Rio Grande do Sul recorded higher fre-
quencies of B-lactamase production, i.e., 36.8,
50.0, 54.8, and 57.7%, respectively. During
the study period, these states recorded the
lowest number of strains, reported in a non-
systematic manner, a fact probably repre-
senting bias of the data presented. In this
respect, the implementation of a national
system of public health laboratories is of
vital importance for the recording of consist-
ent data, standardization of the methods,
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priority of the surveillance system, and a
constant interchange with reference labora-
tories so that the information will be as
reliable as possible and yield less biased
results. As suggested by Camargo (31), labo-
ratory, clinical and epidemiological infor-
mation about diseases of compulsory notifi-
cation should be part of a single data bank
managed by the coordination of epidemio-
logical surveillance of each state.

In the present study, simultaneous resis-
tance to ampicillin and chloramphenicol was
observed in strains isolated in the different
states. Distrito Federal and Sao Paulo State
presented the highest frequencies. Resistance
to more than one antimicrobial agent has
been described in different microorganisms
and in different countries (25,32,33).

All strains were susceptible to ceftriaxone
and rifampin with a MICq, 0f 0.007 and 0.25
pg/ml for B-lactamase-positive strains, re-
spectively. Ceftriaxone is an antimicrobial
agent recommended for the treatment of bac-
terial meningitis in pediatric patients who
have not been screened for drug sensitivity.
In developed countries, the choice for the
treatment of meningitis caused by H. influ-
enzae strains is the use of third-generation
cephalosporins to which resistance has not
yet emerged (12,13,34). Rifampin is an anti-
microbial agent recommended by the Health
Ministry for chemoprophylactic use by all
house contacts of index cases, by day-care
centers or schools where children are ex-
posed, and at the time of hospital discharge
by patients with house contacts involving
children younger than 48 months (35).

Non-B-lactamase-mediated ampicillin re-
sistance was an isolated occurrence among
the H. influenzae strains studied; such strains
are still very rare among ampicillin-resistant
strains (2,12,13). It has been postulated that
BLNAR is associated with altered penicil-
lin-binding proteins and might be due to the
lower virulence of strains with abnormal
penicillin-binding proteins (36). Frequently
the strains are non-typable, mainly causing
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diseases of the respiratory tract, and having
MICs in the low resistance range (37).

The emergence of drug resistance is a
serious challenge for the management of
invasive H. influenzae disease, which em-
phasizes the fundamental role of laboratory-
based surveillance for antimicrobial resis-
tance. Continued surveillance for resistance
and susceptibility testing of H. influenzae is
vital to maximize the benefits of antimicrobial
therapy and to contain the spread of infection.

Public health measures to control antimi-
crobial resistance are costly, and funding
them is difficult. Nonetheless, we need lo-
cal, national and international surveillance
programs, early warning systems, proper
training for laboratory technicians, appro-
priate quality control programs and profi-
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