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Haemophilus influenzae and betalactam resistance:
Description of bla,,, gene deletion
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SUMMARY

The resistance to betalactam antibiotics in a total of 177 clinical isolates of Haemophilus influenzae, mostly from respiratory tract samples
and characterized by their betalactamase production, was studied using the cephalosporin chromogenic assay and by detecting bla,,,, and
blas,, genes. A substantial number of clinical isolates carrying the bla,.,, gene, which presented a mutation consisting of the absence of a
fragment of 136 base pairs, located upstream from the coding region including the =35 but not the —10 region of the promoter were found.
This suggests that a new bla,,,, promoter exists in these strains. This finding was associated with increased resistance to the antibiotics cefa-
clor and loracarbef compared with normal isolates. It was also found that 3.9% of the isolates carried the bla,, , gene.

Key words: Haemophilus influenzae - Betalactamases - bla.,, gene deletion

Haemophilus influenzae y resistencia a los betalactamicos:

Descripcion de una supresion en el gen bla,,,

RESUMEN

Se ha estudiado la resistencia a antibidticos betalactamicos mediante la produccion de betalactamasas, deteccion de cefalosporina cro-
mogénica y de los genes bla,,,, y bla,,, en 177 aislamientos clinicos de Haemophilus influenzae, la mayoria de ellos procedentes de mues-
tras respiratorias. Se detecté un numero importante de aislamientos clinicos portadores del gen bla,.,, que presentaban una mutacién con-
sistente en la ausencia de un fragmento de 136 pares de bases (pb), localizada por encima de la regién codificante incluyendo la regién del
promotor —35 pero no la regién —10 del mismo. Esto sugiere la existencia de un nuevo promotor en estas cepas. Este hallazgo esta asocia-
do con un aumento de la resistencia a los antibiéticos cefaclor y loracarbef en comparacion con los aislamientos normales. Un 3,9% de los
aislamientos eran portadores del gen bla, . .

Palabras clave: Haemophilus influenzae - Betalactamasas - Supresion en gen bla,;,,
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INTRODUCTION

Mutations in the genes that encode resistance to beta-
lactam antibiotics have been described in several studies
(1-7). These include mutations in extended-spectrum beta-
lactamases TEM at positions 21, 164 and 265 (3). These
mutations, however, are not always associated with an
increase or decrease in bacterial resistance to betalactam
antibiotics. It was therefore considered of interest to study
the resistance to betalactam antibiotics conferred by the
bla,,, (bla,,,, , and bla,,,
isolates of Haemophilus influenzae from our area of Spain,
with the aim of establishing its distribution in the presence
or absence of mutations of these isolates.

,) and bla, . genes in clinical

MATERIALS AND METHODS

A total of 177 clinical isolates of H. influenzae from chil-
dren (77%) and adults (23%) (52% females and 48% males)
were studied. All the isolates were obtained from different
samples (sputum 25%, nasopharynx 47%, blood 9%, midd-
le ear fluid 5%, eye 14%) from 5% of outpatients and 95%
of inpatients (one isolate per patient) in our department, as
previously identified using the automatic Vitek® (bioMe-
rieux, Marcy-I’Etoile, France) system and factors X and V.
The isolates were cultured in agar-chocolate (Difco®) (Difco
Laboratories, Ltd., USA), and after 24 h of incubation at 36
°C in an atmosphere of 10% CO,, the cephalosporin chro-
mogenic test (Cefinase, BBL Microbiology System, USA)
was performed. The minimum inhibitory concentrations for
the antibiotics ampicillin, coamoxiclav, cefaclor and lora-
carbef were then determined using the E-rest® system (AB
Biodisk, Solna, Sweden) in Haemophilus test medium.
H. influenzae 49247, and H. influenzae 10211 were used as
control organisms. The isolates were conserved in powde-
red 4% skim milk at a temperature of —80 °C, and the colo-
nies were separated for DNA extraction.

Molecular tests
DNA extraction

DNA extraction was performed by resuspending a colony
of the isolates in 100 Yl of sterile distilled water and heat-
ing at 100 °C for 10 min, in order to lyse the bacterial wall
and release the DNA. Subsequently, the lysate was centri-
fuged for 30 seconds at 15,000 rpm to eliminate cellular
debris, and the supernatant was used for the bla,,,, and
blay,,, gene amplification reaction.
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Amplification

Following extraction of the genetic material, the speci-
fic amplification of the bla,, and bla,,, genes was con-
ducted. Using the DNA extract, amplification of the bla,,,
gene was carried out using the primers described by Scriver
et al. (8). The reaction was performed in a volume of 100
pl of the following composition: reaction buffer 1X (Tris-
HCI 10 mM, KCI 50 mM, Triton X 100 0.1%, MgCl, 1.5
mM); dNTPs 200 uM, 50 pmol of the TEM! primer (5’-
GTG TTA TCA CTC ATG GTT ATG-3") and 50 pmol of
the TEM? primer (5°-GAA TTC TTG AAG ACG AAA
GGG-3’); 2.5 U of Tag-polymerase (Promega); and 10 pl
(1 ng) of the DNA extracted from the different isolates.

The reaction was performed in a Perkin Elmer 9600
thermal cycler with the following thermal profile: one cy-
cle of 94 °C for 5 min; 30 cycles of 94 °C for 45 seconds,
55 °C for 45 seconds and 72 °C for 45 seconds; and one
cycle of 72 °C for 10 min.

Detection was performed using agarose gel electropho-
resis with 2% ethidium bromide dye. Samples were consi-
dered positive if they gave an amplification product of 600
bp with homology to a molecular weight standard (100
base-pair ladder and @X 174/Hinf I; Pharmacia, Uppsala,
Sweden) and the corresponding positive controls (Fig. 1).
Subsequently, the samples were characterized using the res-
triction enzyme Mbo I (Promega Corp, Madison, WI, USA),
which allows confirmation of the amplification results, as
well as differentiating between TEM-1 and TEM-2 betalac-
tamases. TEM-2 differs from TEM-1 in the substitution of
C for A at position 4046 of the TEM-1 gene (8). This sub-
stitution produces a loss of a restriction site for the enzyme.
Following enzymatic digestion, this results in TEM-1 beta-
lactamase generating fragments of 317, 230, 36 and 17 bp,
whereas TEM-2 betalactamases yield fragments of 353, 230
and 17 bp (8).

Restriction was achieved using 20 P of the amplification
products of the bla,,,, gene and 10-12 U enzyme. Tubes
were incubated for 1 h at 37 °C and the restriction product
was submitted to agarose gel electrophoresis with 4% ethi-
dium bromide dye. In order to confirm the molecular weights
of the bands obtained during digestion, molecular weight
standards 100 base-pair ladder and @X 174/Hinf 1 (Pharmacia,
Uppsala, Sweden; Pharmacia Biotech) were used (Fig. 2).

For the amplification of the blay,,, gene, the same reac-
tion mixture as above was used, with the same thermal pro-
file, but with the specific primers for this gene? : ROB! (5°-
CGC CCA ATT CTG TTC ATT-3’) and ROB? (5°-GTT
GAT ATT GTT CCA CGC-3’). The amplification product
obtained had a size of 434 bp, which was determined as
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Figure 1. Agarose gel electrophoresis of amplifications products of gene bla,, Lane 1: molecular size standards (100 base pair ladder; Gibco BRL). Lane
2 to lane 10: clinical isolates 141, 140, 139, 138, 137, 136, 135, 134, 133.
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Figure 2. Agarose gel electrophoresis of restriction products with Mbo | of gene bla,,,,. Lane 1 to lane 5: clinical isolates 159, 154, 152, 148, 145. Lane
6: molecular size standards (100 base pair ladder; Gibco BRL). Lane 7 and lane 8: clinical isolates 134 and 132, respectively.
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above using agarose gel electrophoresis with 2% ethidium
bromide dye.

The specificity of the amplification products was con-
firmed using restriction fragment length polymorphism
(RFLP) techniques with the restriction enzyme Dra I (Pro-
mega Corp., Madison, WI, USA.) ROB-1 betalactamases
generate fragments of 256 and 178 bp after digestion.
Restriction of the amplification products of the blay,,, gene
was achieved using the same procedure as for the bla,,,
gene. H. influenzae ATCC 42947 was used as a negative
control organism for both TEM and ROB-1 polymerase
chain reaction (PCR) assays. H. influenzae clinical isolates
2 and 48 were used as TEM-positive and ROB-I-positive
control organisms respectively.

Sequence determination

Sequence determination was performed using the auto-
matic ALF DNA sequencer (Pharmacia, Uppsala, Sweden).
Cyclical sequencing was used based on a variation of the
Sanger method of dideoxynucleotide-mediated chain ter-
mination. For the sequencing reactions, the Thermo Seque-
nase fluorescent-labelled primer cycling sequencing kit
(Amersham Life Science) was used.

The primers used for sequencing reactions were the
same as those used in the PCR reaction, marked with Cy5
fluorescent label in 5°. The primers used to amplify the
bla,,,, genes generate a 600 bp fragment. The amplified
fragment includes 208 bp upstream from the ATG codon
and the first 392 bp out of the 858 bp of the coding gene
region.

For sequencing, 0.2-4 g of amplified DNA was used.
The sequencing reactions were performed according to the
instructions of each manufacturer.

RESULTS
Results obtained for the bla,,, gene

For the bla,,, gene, 65 (36.7%) positive amplification
products were obtained from the 177 samples studied. Of
these, 35 (53.8%) had the expected molecular weight of 600
bp and 30 (46.2%) had an unexpected molecular weight
(< 600 bp). When we analyzed the results from the nitro-
cefin assay for the 65 samples, 16 (24.6%) were negative,
10 (62.5%) of which showed the expected molecular weight
(600 bp) and six (37.5%) other values (< 600 bp). Of the 65
samples, 49 (75.4%) were positive in the nitrocefin assay,
25 (51%) of which corresponded to the expected molecular
weight of 600 bp and 24 (49%) to another molecular
weight (< 600 bp).
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Of the total of 177 samples, 110 (62.15%) were nega-
tive for the bla,,, gene, seven (6.25 %) of which were
positive in the nitrocefin assay and 103 (93.75%) of which
were negative.

With regard to the restriction analysis with the Mbo 1
remp» 10 (37%)
of which were negative in the nitrocefin test; eight samples
were bla

enzyme, 27 samples were determined to be bla

ren.2» all of which tested positive for nitrocefin.

Thirty samples had a characteristic restriction pattern
different from the others, with bands common to the two
expected patterns (17, 36, 230 bp) and another band of mole-
cular weight of about 180 bp, not described for bla,,,, , or
bla,, ,(8) (Fig. 2). These 30 samples corresponded to those
amplification products with a molecular weight below 600
bp for the bla,, gene, six (20%) of which were negative
in the nitrocefin assay. None of the samples was positive
for both TEM-1 and TEM-2.

As for the sequence analysis of the amplification pro-
ducts of the TEM genes, the results confirmed the restric-
tion analysis. The sequence described by Sutcliffe (10) for
TEM-1 and TEM-2 was obtained, except for those samples
with amplification products < 600 bp. The latter presented
a sequence similar to that of TEM-1 with the same restric-
tion points as described for Mbo I, but displaying a loss of
the fragment of 136 bp between positions 4208 and 4344.
The 136 bp fragment which was deleted in the bla,,,, gene
in 30 isolates corresponded to a deletion located upstream
from the coding region including the —35 but not the —10
region of the promoter.

The sequence initially described for the amplified re-
gion is shown in Figure 3.

Results obtained for the bla.,; , gene

Of the 177 strains, seven were positive for the blaROB_ J
gene, which represents 3.9% of the 177 isolates and 9.7%
of the 72 samples positive for the TEM-1, TEM-2 and
ROB-1 resistance genes. All the positive samples were con-
firmed by restriction analysis with the Dra I enzyme. All
the samples positive for the bla,,, , gene were also posi-
tive for nitrocefin, but none of the samples was positive for

both bla,,,, and bla,,, , genes.

ROB-

MIC results

Determination of the minimum inhibitory concentration
(MIC) was performed on all isolates presenting resistance,
independent of the type of resistance. Table 1 shows the
MICs obtained in mg/l for the different samples.
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blargy-; GAATTCTTGA AGACGAAAGG GCCTCGTGAT ACGCCTATTT TTATAGGTTA ATGTCATGAT

(Tr) blagg-; GAATTCTTGA AGACGAAAGG Gm—=—=—=—=—=== === ———mm—— — e
4304 —-35Pa -35Pb  -10Pa -10Pb

blaggy-; AATAATGGTT TCTTAGACGT CAGGTGGCAC TTTTCGGGGA AATGTGCGCG GAACCCCTAT

(Tr)blaggy-; —————=—=—=—= ——————=——— —om—— o= o= - -
4244

blargy-; TTGTTTATTT TTCTAAATAC ATTCAAATAT GTATCCGCTC ATGAGACAAT AACCCTGATA

(Tr)blaggy.; ————=——=——== —————————= ——m—m—m—m TC ATGAGACAAT AACCCTGATA
4184 -35P3 -10P3

blargy-; AATGCTTCAA TAATATTGAA AAAGGAAGAG TATGAGTATT CAACATTTCC GTGTCGCCCT

(Tr) blaggy-; AATGCTTCAA TAATATTGAA AAAGGAAGAG TATGAGTATT CAACATTTCC GTGTCGCCCT
4124

blargy-; TATTCCCTTT TTTGCGGCAT TTTGCCTTCC TGTTTTTGCT CACCCAGAAA CGCTGGTGAA

(Tr)blargy-; TATTCCCTTT TTTGCGGCAT TTTGCCTTCC TGTTTTTGCT CACCCAGAAA CGCTGGTGAA
4064

blargy-; AGTAAAAGAT GCTGAAGATC AGTTGGGTGC ACGAGTGGGT TACATCGAAC TGGATCTCAA

(Tr)blargy-; AGTAAAAGAT GCTGAAGATC AGTTGGGTGC ACGAGTGGGT TACATCGAAC TGGATCTCAA
4004

blargy-; CAGCGGTAAG ATCCTTGAGA GTTTTCGCCC CGAAGAACGT TTTCCAATGA TGAGCACTTT

(Tr)blargy-; CAGCGGTAAG ATCCTTGAGA GTTTTCGCCC CGAAGAACGT TTTCCAATGA TGAGCACTTT
3944

blargy-; TAAAGTTCTG CTATGTGGCG CGGTATTATC CCGTGTTGAC GCCGGGCAAG AGCAACTCGG

(Tr) blaggy-; TAAAGTTCTG CTATGTGGCG CGGTATTATC CCGTGTTGAC GCCGGGCAAG AGCAACTCGG
3844

blargy-; TCGCCGCATA CACTATTCTC AGAATGACTT GGTTGAGTAC TCACCAGTCA CAGAAAAGCA

(Tr)blargy-; TCGCCGCATA CACTATTCTC AGAATGACTT GGTTGAGTAC TCACCAGTCA CAGAAAAGCA
3824

blargy-; TCTTACGGAT GGCATGACAG TAAGAGAATT ATGCAGTGCT GCCATAACCA TGAGTGATAA

(Tr)blargy-; TCTTACGGAT GGCATGACAG TAAGAGAATT ATGCAGTGCT GCCATAACCA TGAGTGATAA
3764

blargy-1 CAC

(Tr)blarsy-; CAC

Haemophilus influenzae and betalactam resistance: Description of bla,.,gene deletion

Figure 3. Sequence of the 600 bp amplified fragment of the bla,,, , gene. Regions -35 and ~10 of Pa, Pb, and P3 are underlined. The start codon (ATG)
is shown in bold and underlined. Delected nucleotides are indicated by dashes. Note: (Tr) blay,, .- truncated bla,,, , gene.

A statistical analysis using the Mann-Whitney U-test
was performed to determine any significant differences
between different isolates (Table 2). As can be seen in
Table 2, significant differences were found between TEM- 1
isolates and the mutants in terms of resistance to the anti-

biotics cefaclor and loracarbef, with higher range and me-
dian values (mg/l) in the mutant isolates (3 [0.5-256], 3.5
[0.5-256]) than in the TEM-1 isolates (2 [0.5-48], 1.5 [0.38-
241]). In the case of cefaclor, the mode values for the mutant
isolates (256 mg/l) were much greater than for the TEM-1



Table 1. Distribution of MICs (mg/l) for H. influenzae. Cefinase = PCR negative and cephalosporin chromogenic test positive. CF+ = cefinase positive. CF- = cefinase negative.
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Table 2. Differences (p) between the various resistance groups.

Haemophilus influenzae and betalactam resistance: Description of bla,,,gene deletion 201

Groups Ampicillin (p) Coamoxiclav (p) Cefaclor (p) Loracarbef (p)
TEM-1 vs. mutant 0.1764 0.0733 0.0223 0.0189
TEM-2 vs. mutant 0.5841 0.5834 0.7533 0.7080
TEM-1 vs. ROB-1 0.0005 0.0612 0.0001 0.0001
TEM-2 vs. ROB-1 0.0008 0.1161 0.0050 0.0041
Mutant vs. ROB-1 0.0013 0.1557 0.0008 0.0002
TEM-1 vs. others 0.9829 0.7615 0.8591 0.5660
TEM-2 vs. others 0.4042 0.7652 0.1715 0.0621
Mutant vs. others 0.3464 0.4931 0.2534 0.0713
ROB-1 vs. others 0.0090 0.3103 0.0049 0.0010

Note: p <0.05 denotes significant differences.

isolates (1 mg/l), although this difference was not seen for
loracarbef (1 mg/l and 1.5 mg/l, respectively).

There were no significant differences between the
TEM-2 and mutant isolates.

When TEM (TEM-1, TEM-2, mutant) and other isolates
(PCR—/nitrocefin+) were compared with ROB-1 isolates,
significant differences were seen for all the antibiotics
except coamoxiclav, with the median being much higher in
the ROB-1 isolates than in the others. Lastly, no significant
differences could be found between the TEM (TEM-I,
TEM-2, mutant) and other isolates for any of the antibiotics
studied.

DISCUSSION

In the bla,,,, gene amplification products, it is note-
worthy that a considerable percentage (46.2%) of frag-
ments had a molecular weight below 600 bp. It is reason-
able to assume that this unexpected molecular weight is the
result of a mutation (disappearance of 136 bp), which was
confirmed by restriction analysis with the Mbo I enzyme,
with the appearance of fragments (230, 36 and 17 bp) simi-
lar to those described by Scriver et al. (8) and another frag-
ment with a molecular weight below 180 bp not previously
described. This indicated that the initial amplification pro-
duct prior to restriction would be of 463 bp (17 + 36 + 230
+ 180).

When we determined the sequence of these amplifica-
tion products, we found the loss of a fragment of 136 bp
(from the base 4208 to the base 4344) from the sequence
originally described by Sutcliffe et al. (10). This implies
that the amplification products of a substantial percentage
of isolates (46.2%) in this study do not present the expec-
ted molecular weight of 600 bp, but rather of 464 bp (600
-136 = 464 bp), as reflected approximately (463 bp) in the
restriction with Mbo 1.

The study of gene expression in the isolates with the
wild-type or mutated (loss of 136 bp) bla,,, gene also
uncovered differences between the two types of isolates. Of
the 16 PCR-positive/nitrocefin-negative isolates (i.e., carry-
ing but not expressing the gene), 10 (62.5%) presented am-
plification products with the expected size and six (37.5%)
the deletion. When we analyzed the 49 PCR-positive/nitro-
cefin-positive isolates, we found that 25 (51%) correspon-
ded to amplification products with a molecular weight of
600 bp and 24 (49%) were amplification products with the
deletion.

Overall, it can be concluded that a substantial number
of isolates (24.6%) encode but do not express the gene for
TEM betalactamase, and that this may be related to the de-
letion identified in this study.

This finding is confirmed by the results of the statistical
analysis of the MIC values. In this analysis, a significant
difference was found between TEM-1 and mutant isolates
for cefaclor and loracarbef, as the mutant strains were more
resistant than wild-type TEM-1-bearing strains. A previous
study showed that a high level of production of TEM-20
could result from a 135 bp deletion in the promotor region
(11). The sequence of region 10 of the bla,,, ,, gene dif-
fered from that of the truncated bla.,,, , gene by one nucle-
otide but was the same bla sequence used for compa-
rison in this study.

The sequencing results of the deleted fragment suggest
that a new bla,,, gene promoter (if the betalactam hy-
drolytic activity is related to the expression of this gene) or
that another undetected betalactamase exists in these isola-
tes. Furthermore, as six of the 30 isolates with the trunca-
ted bla,,, gene were negative in the cephalosporin chro-
mogenic test, further analysis is required to determine the
phenotypical difference observed among the isolates with a

truncated blaTEM

TEM-22

gene.
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With regard to the normal bla,,,, genes found in the 10
isolates with a negative cephalosporin chromogenic test
and identified as bla,, ,, as only the first 392 bp of the
bla,,, gene coding region were studied, it is not known
whether any genetic activity occurred downstream that
would explain the apparent nonexpression of the gene. This
requires further sequencing analysis.

Another interesting finding is the presence of seven
samples which were positive in the nitrocefin assay but gave
rev-p Plaggy, and blag,,
amplification. This finding may be explained by attributing

negative results for bla ; gene
the coding of this betalactamase to a gene other than TEM-1,
TEM-2 or ROB-1 (12). However, the MIC values for these
isolates do not present significant differences from the
TEM isolates as a whole, although there are differences
with respect to ROB-1 isolates. With the exception of two
of these isolates the restoration of the amoxicillin activity
in the presence of clavulanic acid strongly suggests the pro-
duction of a class A betalactamase.

As for the distribution of the different types of bla,,,
gene, 41.5% were TEM-1, 12.3% TEM-2 and 46.2% pre-
sented the deletion. Thus, a significant proportion of the
isolates carry the deletion, similar to isolates with the most
frequent TEM resistance genes (TEM-1 and TEM-2).

On the other hand, mixed TEM-1/TEM-2, TEM-I/mutant
or TEM-2/mutant forms were not detected. However, as the
nucleic acid sequence determination demonstrated that the
sequence of the mutants is the same as that of the TEM-1
isolates (the three restriction points coinciding) except for
the lost sequence, these mutants are considered to be deri-
vatives of the TEM-1 betalactamases. Overall, it appears
that this may be a new type of TEM betalactamase.

This study confirms the low frequency of the bla,,, ,
gene, although its appearance in 9.7% of the PCR-positive
isolates is an important finding from an epidemiological
viewpoint. It should be pointed out that, in contrast to the

TEM genes, all the isolates positive for the bla,,, , gene

ROB-
were also positive for nitrocefin, which indicates a much
more efficient expression of this gene in the isolates studied.

Examination of the MIC values for the isolates positive
for the blay,,, , gene confirmed the existence of substantial
resistance to ampicillin (resistance to which is mediated by
ROB-1 betalactamase), with an MIC > 250 mg/l. Similar
resistance was also seen to cefaclor and loracarbef, but
very low levels of resistance to coamoxiclav (MIC = 0.38-
1.5 mg/l) were detected. Of the seven isolates positive for
the bla,,, , gene, only one sample (number 98) had moder-
ate MIC values for cefaclor and loracarbef.
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Although some studies have been reported in other
countries (13-15), few have been performed in Spain. Con-
sequently, the substantial proportion (9.7%) of isolates
positive for the bla,,, , gene in our study and their high
level of resistance to betalactam antibiotics indicate that
epidemiological studies should be considered.

Overall, these findings suggest the need to use molecu-
lar determinations in epidemiological studies as well as in
those cases failing betalactam antibiotic therapy but giving
contradictory results in routine tests for betalactamase
detection.

CONCLUSIONS

In the H. influenzae isolates studied, an large percent-
age of bla,,, and bla,,, , genes were detected (37.2% and
3.9%, respectively). Phenotypic expression of the bla,,,
gene was not detected in 24.6% of these cases. Resistance
to betalactam antibiotics was not due to the bla,,,, and
blag,,, , genes in 8.8% of the isolates studied (nitrocefin-
positive, PCR-negative isolates). Molecular tests may be
useful in epidemiological studies, as well as in cases where
betalactam antibiotic therapy fails but routine phenotypic
tests are unable to clarify the situation. A mutation in TEM-1
isolates consisting of the loss of 136 base pairs in the am-
plified region was identified. The TEM-1 mutants presen-
ted statistically significant differences with respect to the
original TEM-1 isolates, with greater levels of resistance to
the antibiotics cefaclor and loracarbef in the mutants.
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