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We developed PCR primers specific for the bla,y,, and blag,y ampicillin resistance genes. The specificity of
the primers was confirmed by testing a series of Escherichia coli isolates containing a variety of ampicillin
resistance genes and a series of ampicillin-resistant and ampicillin-susceptible Haemophilus influenzae isolates.
There was a perfect correlation between ampicillin MICs, the presence of B-lactamase (as determined by the
nitrocefin test), and the results with the bla gy, and blagy primers. Isolates of H. influenzae and Streptococcus
pneumoniae obtained from 25 frozen cerebrospinal fluid (CSF) specimens were also tested. Four of 14 H.
influenzae isolates were positive with the bla.,, primers; none were positive with the blag,g primers.
Ampicillin MICs were determined for the H. influenzae isolates, and penicillin MICs were determined for the
S. pneumoniae isolates. Only the four PCR-positive H. influenzae isolates had elevated MICs of ampicillin and
were B-lactamase positive. None of the H. influenzae isolates contained the blagy,g gene, and none of the S.
pneumoniae isolates produced positive reactions with either primer set. We then used universal primers
directed to conserved regions of rRNA and a Haemophilus detection probe to identify which of the 25 frozen
samples of CSF contained H. influenzae. Fourteen of the 25 CSF specimens were positive for H. influenzae, which
correlated with the number of organisms obtained by culture of the CSF samples. Four of the CSF samples
were positive with the bla,y,, primer set, and these correlated with the four H. influenzae isolates that were
positive when tested directly by PCR. The bla,,, assay required the use of native Taq polymerase because

Amplitaq preparations were contaminated with vector DNA that contained the blag,, , gene.

PCR has been used to detect a wide variety of microorgan-
isms directly in clinical specimens (24), including bacteria in
blood, cerebrospinal fluid (CSF), and tissue (3, 10, 13, 15, 22,
25, 26, 30). PCR has also been used to characterize antimicro-
bial resistance genes in bacterial isolates (29), but the use of
PCR to detect resistance genes directly in clinical samples has
been limited. Telenti et al. and Hunt et al. used PCR to detect
mutations associated with rifampin resistance in the rpoB gene
of Mycobacterium tuberculosis (11, 28) directly in sputum
samples, while Larder and Kemp used PCR to detect muta-
tions associated with zidovudine resistance in human immuno-
deficiency virus thymidine kinase genes in blood samples (16).

In a similar fashion, PCR could be used to guide therapy in
the early stages of bacterial meningitis by detecting resistance
genes directly in CSF samples once a pathogen, such as
Haemophilus influenzae (30) or Neisseria meningitidis (15, 22),
has been identified. Algorithms linking various pathogens with
the resistance genes that they may carry and that are most
likely to compromise therapy may broaden the clinical utility of
nucleic acid amplification assays.

The goals of this study were to develop PCR primer sets
specific to the blagy, and blag oy genes, to detect and identify
ampicillin resistance genes directly in CSF samples previously
shown to contain ampicillin-resistant H. influenzae, and to
validate the use of the universal primer set RW01 and DG74
(10) for detecting H. influenzae in CSF samples.
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Laboratory Branch, Hospital Infections Program (G08), Centers for
Disease Control and Prevention, 1600 Clifton Rd., Atlanta, GA 30333.
Phone: (404) 639-3246. Fax: (404) 639-1381.
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MATERIALS AND METHODS

Bacterial strains and CSF samples. Escherichia coli strains
containing the blatgm., blatema blarem.o blagyy g,
blagyy 3, blagyy.s, blacagrpo, and blacarp.. B-lactamase
genes (12) from the strain collection of the Centers for Disease
Control and Prevention (CDC) were used as controls to test
the specificity of the primer sets. Three strains of H. influenzae,
each containing the blagoy gene (6) and kindly provided by
Robert Daum, University of Chicago, were used as additional
controls. The ampicillin MICs and B-lactamase test results for
these strains are shown in Table 1. Twenty-five CSF specimens,
previously shown by culture to contain either H. influenzae or
Streptococcus pneumoniae, were recultured at the Mayo Clinic,
coded, and shipped to CDC for analysis. The isolates recov-
ered from the specimens, 14 H. influenzae and 11 S. pneu-
moniae, were also coded and sent separately to CDC. The
MICs for these organisms are shown in Table 2. Organisms
were reidentified by standard procedures (8, 14).

Antimicrobial susceptibility testing. Ampicillin MICs for
the isolates were determined by broth microdilution with
cation-adjusted Mueller-Hinton broth for E. coli isolates and
cation-adjusted Mueller-Hinton broth containing 5% lysed
horse blood for H. influenzae isolates (21). Penicillin MICs for
the S. pneumoniae isolates were also determined in Mueller-
Hinton broth containing 5% lysed horse blood (21). Break-
points were those published by the National Committee for
Clinical Laboratory Standards (21). Quality control organisms
included E. coli ATCC 25922; H. influenzae ATCC 49247,
ATCC 49766, and ATCC 10211; and S. pneumoniae ATCC
49619. B-Lactamase testing was performed with nitrocefin
(Glaxo).
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TABLE 1. Bacterial strains, MICs, and PCR results

Organism B-Lactamase Ampicillin MIC PCR result”
present® (pg/ml) blarew  blagon
E. coli + (TEM-1) >32 N ~
+ (TEM-4) >32 + -
+ (TEM-9) >32 + -
+ (SHV-1) >32 - _
+ (SHV-3) >32 - _
+ (SHV-5) >32 - _
+ (CARB-2) >32 _ _
+ (CARB-4) >32 _ _
F50 _ . - -
F107 _ 5 - -
H. influenzae
619 + (TEM-1) =32 + _
270 + (TEM-1) >32 + -
358 + (TEM-1) >32 + _
909 + (TEM-1) 32 + _
274 + (TEM-1) =32 N -
271 + (TEM-1) =32 N _
246 + (TEM-1) =32 + _
260 + (TEM-1) =32 + -
314 + (TEM-1) 8 + -
244 + (TEM-1) 8 + -
238 - 0.5 - _
245 - 0.25 - _
275 - =0.12 _ _
47 — (BLNAR) 4 _ -
51 — (BLNAR) 8 - -
72 — (BLNAR) 8 _ B
36 - (BLNAR) 4 _ -
62 - (BLNAR) 8 - -
888 + (ROB-1) >3 - N
49 + (ROB-1) >3 - M
109 + (ROB-1) 8 _ N
1068 - 0.25 _ M
ATCC 49247 - 4 - -
ATCC 49766 — 0.25 - -
ATCC 10211 - =012 - -

2 +, B-lactamase activity present in strain; —, no B-lactamase activity. The type
of B-lactamase is shown in parentheses.
b +, gene detected in strain; —, gene not detected in strain.

DNA extraction. Initially, DNA was extracted from control
strains with the Iso-Quick system (MicroProbe, Inc., Bothell,
Wash.). Briefly, organisms were grown overnight on Mueller-
Hinton chocolate agar at 37°C in 5% CO, for 24 h, suspended
in buffer to a concentration of 5 X 10° CFU/ml, and extracted
as described by the manufacturer. For S. pneumoniae isolates,
the organisms were first treated with 1% deoxycholate for 20
min before suspending them in reagent A. After optimization
of PCR conditions, the bacterial isolates recovered from CSF
were lysed directly in the PCR mix. Briefly, organisms were
grown overnight on Mueller-Hinton chocolate agar at 37°C in
5% CO,. Two colonies were touched with an inoculating loop
and suspended in the PCR mix, which was overlaid with
mineral oil. Bacteria were lysed by heating the PCR mix at
95°C for 10 min. Samples were immediately cooled and kept on
wet ice until PCR was initiated.

CSF samples were thawed, gently vortexed, and centrifuged
for 30 min at 13,000 X g at 4°C. The supernatant was then
decanted, and the pellet was extracted as described in the
Iso-Quick package insert. Oyster glycogen (1 pg/ml; Sigma)
was added as a carrier in the final precipitation step.

Primers, probes, and PCR conditions. The nucleotide se-
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TABLE 2. MIC, B-lactamase, and PCR results for
Mayo Clinic isolates

Oreani MIC B-Lactamase PCR results”
rganism c
(pg/ml) present” blarem blagos
H. influenzae
MAYO-1 <0.25 - - -
MAYO-2 <0.25 - - -
MAYO-3 <0.25 - - -
MAYO-4 <0.25 - - -
MAYO-5 32 + + -
MAYO-6 <0.25 - - -
MAYO-7 >32 + + -
MAYO-8 >32 + + -
MAYO-9 <0.25 - - -
MAYO-10 <0.25 - - -
MAYO-11 <0.25 - - -
MAYO-12 >32 + + -
MAYO-13 <0.25 - - -
MAYO-14 <0.25 - - -
S. pneumoniae
MAYO-15 0.06 - - -
MAYO-16 0.06 - - -
MAYO-17 0.06 - - -
MAYO-18 0.06 - - -
MAYO-19 0.06 - - -
MAYO-20 <0.03 - - -
MAYO-21 <0.03 - - -
MAYO-22 0.06 - - -
MAYO-23 <0.03 - - -
MAYO-24 <0.03 - - -
MAYO-25 0.06 - - -

@ +, B-lactamase activity present in strain; —, no B-lactamase activity.

L= gene detected in strain; —, gene not detected in strain.

¢ For H. influenzae, MICs are of ampicillin; for S. pneumoniae, MICs are of
penicillin.

quences of the blargy, blagop, universal primers, and the
Haemophilus - detection probe are shown in Table 3. The
universal primers and the Haemophilus probe are those de-
scribed by Greisen et al. (10). The probe used to detect H.
influenzae is complementary to a region of the 16S rRNA gene
conserved among members of the family Pasteurellaceae. Spec-
ificity testing (10) showed that the probe detected 6 of 6 H.
influenzae isolates and did not cross-react with 54 additional
isolates representing 17 other species. However, the probe may
cross-react with some Actinobacillus and Pasteurella strains.
This probe is referred to as the Haemophilus detection probe.
The 298-bp HinclI-PstI fragment of pBR322, which is derived
from the 424-bp HinclIl-Bgll probe previously shown by
Levesque et al. to be specific for blagy genes (18), was used
as a blargy probe in these studies. PCRs were carried out in
either a Perkin-Elmer model 480 or 9600 thermal cycler.
Amplitag was obtained from Perkin-Elmer Cetus (Norwalk,
Conn.), native Taq polymerase was from Boehringer Mann-
heim, and low-DNA Taq polymerase was provided by Roche
Molecular Systems (Alameda, Calif.). The bla1g,, assays used
a model 480 thermal cycler and the following cycling parame-
ters: 94°C for 5 min; 30 cycles of 94°C for 2 min, 57°C for 1 min,
and 72°C for 2 min; followed by 72°C for 10 min. The blagop
assays used a model 9600 thermal cycler and the following
cycling parameters: 94°C for 5 min; 30 cycles of 94°C for 30 s,
62°C for 30 s, and 72°C for 30 s; followed by 72°C for 10 min.
The cycling parameters for the universal primers, RW01 and
DG74, with the model 9600 thermal cycler, were 95°C for 5
min; 30 cycles of 95°C for 1's, 95°C for 1 min, 55°C for 1s, and
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TABLE 3. Oligonucleotide primers and probes
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. Size of PCR
Primer® Sequence product (bp)

TEM(321) 5’ TGG GTG CAC GAG TGG GTT AC 3’ 526

TEM(846) 5’ TTA TCC GCC TCC ATC CAG TC 3’

ROB(419) 5' ATC AGC CAC ACA AGC CAC CT 3’ 692

ROB(1110) 5' GTT TGC GAT TTG GTA TGC GA 3’

RWO01 5’ AAC TGG AGG AAG GTG GGG AT 3’ 370

DG74 5’ AGG AGG TGA TCC AAC CGC A 3'

Haemophilus detection probe (RDR125KG) 5’ GGA GTG GGT TGT ACC AGA AGT AGA T 3’

@ Primers include the universal primers RW01 and DG74 and the Haemophilus detection probe from Greisen et al. (10).

55°C for 1 min; followed by 72°C for 10 min. Amplification
products were electrophoresed through 1.8% agarose gels
containing molecular size standards (a Haelll digest of $X174
DNA with or without a HindIII digest of Lambda DNA; Gibco
BRL). DNA from all gels was transferred to Zeta probe

Blank

Blank

E. coli F107

Std

d
b
«

blaTEM-1

membranes (Bio-Rad, Hercules, Calif.) by the method of
Southern (27) for DNA probe analysis with digoxigenin-
labeled probes prepared at CDC.
The Haemophilus detection probe was synthesized with a
5’-end digoxigenin label (CDC Biotechnology Core) and de-

blaTEM-4

blaTEM-9

pBR322

Blank

Blank

FIG. 1. (Top panel) Agarose gel showing amplification products of PCR assays for the bla1gy, gene by using Amplitaq polymerase. E. coli F50
and F107 are ampicillin-susceptible negative controls. Blanks are PCR assays with all reagents except template DNA. (Bottom panel) Same
reactions with native Taq polymerase. The molecular size standard (Std) is HindIII-digested Lambda DNA plus $X174 DNA digested with Haelll.
The fragment sizes in base pairs are 23,130, 9,416, 6,557, and 4,361 (seen as a large diffuse band at the top of the lane); 2,322 and 2,027 (as a
doublet); 1,353, 1,078, 872, and 603 (as four distinct bands); 310 and 281 (large diffuse band); and 234, 194, 125, and 118. The 526-bp blargy PCR
product migrates between the 603- and 310-bp fragments of the $X174 standard.
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blaCARB-4
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E. coli F107

Sud

Std

blaTEM-1

blaTEM-4
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H. influenzae 49 (blaROB-1)
H. influenzae 109 (blaROB-1)
H. influenzae 1068

Negative control

H. influenzae ATCC 49247
H. influenzae ATCC 49766

FIG. 2. (Top panel) Agarose gel showing amplification products
obtained during specificity studies of blaygy PCR primers with E. coli
containing the blagyy, and blac,rp genes as negative controls. E. coli
F50 and F107 are ampicillin-susceptible negative controls. (Bottom
panel) Additional specificity controls of the blargy, primers included
H. influenzae blagog-containing strains and H. influenzae ATCC 49247
(BLNAR) and ATCC 49766 (ampicillin susceptible). The negative
control in the bottom panel is E. coli F50. The molecular size standard
(Std) is HindIll-digested Lambda DNA plus $X174 DNA digested
with Haelll. The fragment sizes in base pairs are 2,3130, 9,416, 6,557,
and 4,361 (seen as a large diffuse band at the top of the lane); 2,322 and
2,027 (as a doublet); 1,353, 1,078, 872, and 603 (as four distinct bands);
and 310 and 281 (as a doublet). The 526-bp blargy PCR product
migrates between the 603- and 310-bp fragments of the $X174
standard.

tected after hybridization by using the Genius kit (Boehringer
Mannheim). Dot blots were prepared and hybridized with
labeled probe as described by Gootz et al. (9).

RESULTS

Susceptibility testing of isolates. Ampicillin MICs were
determined for the E. coli and H. influenzae control strains.
The results are shown in Table 1. All E. coli B-lactamase-
containing control strains were ampicillin resistant, showing
ampicillin MICs of >32 pg/ml. Eighteen of the stock isolates of
H. influenzae and the ATCC 49247 quality control strain were
ampicillin resistant (MIC of =4 pg/ml). Of these, 13 were
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B-lactamase positive and 5 were B-lactamase-negative ampicil-
lin-resistant (BLNAR) strains. The H. influenzae 1068 isolate,
which was sent to CDC as a blag g B-lactamase control, was
ampicillin susceptible by MIC and devoid of plasmid DNA and
thus was assumed to have lost the blagog gene; it was also
negative by PCR (see below). This isolate was carried through-
out the study as a negative control.

Ampicillin MICs were also determined for the H. influenzae
isolates from the CSF specimens, and penicillin MICs were
determined for the S. pneumoniae CSF isolates (Table 2). Four
of the H. influenzae CSF isolates had ampicillin MICs of =4.0
pg/ml and produced B-lactamase. None of the other H.
influenzae isolates were ampicillin resistant, nor did they
produce B-lactamase. All S. pneumoniae isolates were penicil-
lin susceptible and B-lactamase negative.

Amplitaq versus native Tag polymerase. Primers for the
blag gene were tested by PCR against a battery of E. coli
isolates containing cloned B-lactamase genes. The three strains
containing the blargy, gene each yielded an amplification
product of the expected size (Fig. 1, top). Although no
amplification products were observed from the negative con-
trol strains (E. coli F50 and F107) in the agarose gel, the
reagent blanks that did not receive template DNA were
positive, showing an amplification product with the expected
size of 526 bp (Fig. 1, top). Each of these fragments hybridized
with a blargy,-specific probe after transfer to a nylon mem-
brane (data not shown). Since the Tag polymerase gene was
cloned in a plasmid that contained a bla gy, gene (17), we
repeated the experiment with native Tag polymerase. When
native Tag polymerase was used, the blarg,, primers yielded
the 526-bp product with only blargy-containing strains; no
amplification products were observed with the negative con-
trols or the reagent blanks (Fig. 1, bottom). The specificity of
the blargy, primers was then tested with E. coli isolates
containing blagyy, and blac,gp B-lactamase genes, and H.
influenzae isolates containing blagoy genes. Amplification
products were observed only from bla g\-containing strains
(Fig. 2).

Twenty-two stock strains of H. influenzae isolates were tested
with the blargy, primer set. The 10 blagy-containing isolates
produced the 526-bp amplification product, while ampicillin-
susceptible strains, the BLNAR strains, and the strains con-
taining the blag o gene did not (Table 1). The specificity of the
amplification products was confirmed by transferring the DNA
to a nylon membrane and probing with a blag,-specific probe
(data not shown). Similar experiments showed the blagop
primers to be specific for the blag g gene (Table 1).

Next, the 25 isolates from the CSF samples (14 H. influenzae
and 11 S. pneumoniae) were tested by PCR; four of the H.
influenzae isolates were positive with the blargy, primers (Fig.
3A and C). The specificity of the amplification products was
confirmed by Southern blot analysis with a blargy,-specific
probe (Fig. 3B and D). Each of the positive CSF isolates
corresponded to an H. influenzae isolate that was ampicillin
resistant and B-lactamase positive. No false-positive reactions
were noted. None of the H. influenzae isolates from the Mayo
Clinic were positive with the blag g primers, and none of the
S. pneumoniae isolates were positive with the blargy, primers
(Fig. 3) or the blag g primers (data not shown).

Analysis of CSF samples. The conditions for using the
blargy, and blag g primers in CSF (as opposed to buffer) were
optimized by testing four CSF control specimens. DNA was
extracted from 200-pl samples, spiked with known concentra-
tions of ampicillin-resistant H. influenzae, and tested with the
blargy, and blagop primers. Multiple bands were noticed for
two of the spiked samples, suggesting that the annealing
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FIG. 3. (A and C) Agarose gel showing PCR results when template DNA from the 25 bacteria isolated from the CSF samples provided from the Mayo Clinic was tested with the bla,yy,
primers. The negative controls in panel C are H. influenzae ATCC 49247 and ATCC 49766. (B and D) Southern blots of the agarose gels in panels A and C, respectively, probed with the 298-bp
Hincll-Pstl, bla.p-specific fragment of pBR322. The molecular size standard (Std.) is HindI1I-digested Lambda DNA plus $X174 DNA digested with Haelll. The fragment sizes in base pairs
are 23,130, 9,416, 6,557, and 4,361 (seen as a large diffuse band at the top of the lane); 2,322, 2,027, 1,353, 1,078, 872, and 603 (as six distinct bands); 310 and 281 (two diffuse bands); and 234,
194, and 125. The 526-bp blaygy PCR product migrates between the 603- and 310-bp fragments of the $bX174 standard.
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temperatures for the primers were not optimized for use with
clinical samples (data not shown). Therefore, the annealing
temperatures were increased for the blayg,, and blagop
primer sets from 51°C to 57 and 62°C, respectively. The higher
annealing temperatures resulted in the production of a single
band in all of the positive control assays; no false-positive
bands were detected (data not shown). DNA was then ex-
tracted from 200-pl aliquots of all 25 CSF samples and tested
with the blargy, and blag o primer sets. DNA from four of the
CSF samples was amplified with the blag\, primers (Fig. 4A,
C, and E). The specificity of the products was determined with
a blag\-specific probe (Fig. 4B, D, and F). The positive CSF
samples corresponded to the four ampicillin-resistant H. influ-
enzae isolates that tested positive by PCR. No other CSF
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blaTEM-1

CSF-1
H. influenzae (blaTEM-1)

CSF-10
CSF-12 (+)
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CSF-11
CSF-13
CSF-14
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FIG. 4. (A, C, and E) Agarose gels showing products of PCR
analysis of DNA isolated from Mayo Clinic CSF samples when tested
with blagy, primers. Positive CSF samples are indicated by +. (B, D,
and F) Southern blots of agarose gels from A, C, and E, respectively,
probed with blargy, probe. In panels A and E, the blagy, control is E.
coli containing pBR322. The molecular size standard (Std) is HindIII-
digested Lambda DNA plus $X174 DNA digested with Haelll. The
fragment sizes in base pairs are as described in the legend to Fig. 3.
The 526-bp blargy PCR product migrates between the 603- and
310-bp fragments of the $X174 standard.

samples were positive. All of the CSF samples were negative
when tested with the blagrog primer set (Fig. 5); although
high-molecular-weight products were occasionally seen with
CSF-25 and the E. coli negative controls, these products were
easily distinguishable from the blag og-specific products.
Nucleic acid from the CSF samples was amplified with the
universal primers RW01 and DG74 by using low-DNA Taq
polymerase (Fig. 6A and C). Each of the CSF samples
produced a product of the expected size of 370 bp; the negative
controls and the reagent blanks were negative. The PCR
products were transferred to nylon filters and hybridized with
the Haemophilus detection probe. DNA from 14 of the 25 CSF
samples hybridized with the probe, corresponding to the
number of H. influenzae isolates recovered from the CSF

s
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FIG. 5. Agarose gels showing amplification products of PCR assay
of DNA isolated from CSF samples by using blagog primers. The
negative controls in both panels are E. coli F50 (left) and F107 (right).
CSF-25, the negative control E. coli F50, and several other control
strains occasionally yielded diffuse, nonspecific high-molecular-size
bands. The molecular size standard (Std) is $X174 DNA digested with
Haelll. The fragment sizes in base pairs are 1,353, 1,078, 872, and 603;
310 and 281 (diffuse band); and 234, 194, and 118. The 692-bp blagop
PCR product migrates between the 872- and 603-bp fragments of
$X174.

samples by culture (Fig. 6B and D). The products from the
universal primers from CSF yielding S. pneumoniae did not
react with the Haemophilus detection probe (Fig. 6B and D).
CSF-4 consistently (three times) yielded weaker results than
did other H. influenzae-containing CSF samples. However,
hybridization of the Haemophilus detection probe to the H.
influenzae isolate that was cultured from this specimen yielded
a strong positive result. This suggests that CSF-4 contains only
low levels of H. influenzae DNA.

DISCUSSION

Although DNA probes have been used to detect the blargy,
ampicillin resistance gene directly in Neisseria gonorrhoeae
isolates in urethral samples from males (23) and in E. coli from
urine (4), to the best of our knowledge PCR has not been used
to detect the blargy, Or blagog genes in CSF samples. We
chose to use PCR to detect ampicillin resistance genes and H.
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influenzae DNA in CSF as a model system for pairing sets of
PCR primers for identification of bacteria and detection of
antimicrobial resistance genes.

In this study, there was a perfect correlation between the
detection of ampicillin-resistant H. influenzae by traditional
MIC testing and the results of the direct PCR assay carried out
on DNA extracted from CSF samples. Three key observations
were made during this study. First, ampicillin resistance genes
can be detected in CSF by PCR, but native Taq polymerase
must be used to avoid false-positive results due to the contam-
ination of Amplitaq preparations with cloning vector DNA
(17). The blargy gene may be the only resistance gene for
which this presents a problem; nonetheless, it is an important
consideration when setting up the assay. Second, universal
primers can be used to detect Haemophilus spp. directly in CSF
samples, provided that low-DNA Tag polymerase is used and
the PCR products are confirmed with a specific DNA probe.
The probe we used may be problematic in a clinical setting,
because cross-reactions with DNA from Actinobacillus sp. and
Pasteurella sp., although rare causes of meningitis, are possible
(10). As Bottger has shown, Taq polymerase preparations are
frequently contaminated with endogenous DNA that can lead
to false-positive reactions (2). In lieu of using a low-DNA Taq
preparation, incorporating isopsoralen-10 into the reagent mix
followed by irradiation of the reaction vials with UV light can
reduce false-positive reactions to a manageable level (19). This
method, however, was not attempted in this study, but accept-
able results were achieved with low-DNA Tag polymerase.
Finally, it is critical that optimization of PCR assay conditions
be conducted in the same milieu as the clinical samples to be
tested, preferably in a clinical sample that is known to be
negative for the analytes under investigation. After optimizing
the PCR assay conditions for analysis of purified bacterial
DNA, we found it necessary to raise the annealing temperature
as much as 6°C to reduce nonspecific priming when testing
CSF samples. Even with the change in temperature, we still
noted some high-molecular-weight nonspecific products when
using the blag g primers on the CSF-25 sample and occasional
nonspecific bands with the E. coli negative control strains.

In this study, all of the ampicillin-resistant H. influenzae
isolates recovered from the CSF samples contained the blargy,
gene (7); none contained the blagog gene, and none were
BLNAR strains. However, such strains are present in the
United States (6, 20), and the BLNAR strains in particular
pose potential problems for using a genetic approach to guide
therapy since they would be misclassified as ampicillin suscep-
tible by PCR. While we feel that strains of H. influenzae
carrying either the blagy, or blag g genes should be reported
as ampicillin resistant, microbiologists in communities in which
BLNAR strains have been isolated may choose to qualify their
reports for strains that are negative by PCR for both genes with
a statement such as “Lack of common resistance genes sug-
gests that isolates are ampicillin susceptible.” In most commu-
nities, however, the rare frequency of BLNAR isolates suggests
that the isolates could be reported as ampicillin susceptible.

We have confirmed the utility of the universal primers
RWO01 and DGA47 and the Haemophilus detection probe de-
scribed by Greisen et al. (10) and confirmed the sensitivity of
the primer systems. The variability of the signals produced
after PCR, especially for sample CSF-4, suggests that the
concentration of target DNA varies considerably from speci-
men to specimen. However, even the weak bands were de-
tected by hybridization. We were also able to amplify S.
pneumoniae DNA with the universal primers, but we did not
achieve strong and reproducible hybridization signals with the
pneumococcal probe suggested by Greisen and coworkers (10).
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Thus, a more effective probe should be sought, given the
importance of pneumococcal meningitis, especially in pediatric
and elderly populations. While PCR primers have been de-
scribed for pneumococcal penicillin-binding protein genes (5),
analysis of the products requires the use of DNA sequencing
gels or access to direct DNA sequencing, both of which are
beyond the scope of all but a few clinical laboratories. Thus,
there is no easy way to distinguish penicillin-resistant pneumo-
cocci from penicillin-susceptible strains by PCR. As PCR
becomes more widely used in clinical laboratories, the value of
using PCR to detect and characterize resistance genes carried
by pathogens directly in clinical samples will likely receive
more attention. Much in the same way Telenti et al. (28) and
Hunt et al. (11) showed the value of using PCR on sputum
samples to detect mutations associated with rifampin resis-
tance in M. tuberculosis strains, so too our data show that PCR
may be applied to aid in guiding treatment early in cases of
bacterial meningitis. Although H. influenzae meningitis has
decreased in the United States as a result of the widespread
use of H. influenzae type b vaccine (1), the rates continue to be
high in other parts of the globe.
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