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Broad-range PCR has proven to be useful for the detection of bacteria. A set of broad-range PCR primers
directed against conserved regions in the 16S rRNA gene was designed to specifically amplify either gram-
positive or gram-negative bacteria. The gram type-specific broad-range PCR correctly classified all 62 patho-
genic species tested.

Antibiotic treatment of bacterial infections depends on the
species of bacteria, with the differentiation between gram pos-
itive or gram negative being one of the most important factors.
A 100% sensitive and specific method for the identification of
the presence of bacteria in usually sterile body fluids would
allow for earlier initiation of targeted antibiotic treatment.
Recent studies suggest that rapid detection systems can de-
crease patient mortality rates and costs associated with hospi-
talization (1). Currently, therapy is usually empiric, involving
use of a broad-spectrum antibiotic until culture results are
available.

Standard diagnosis of systemic bacterial infection depends
on growth in culture, which requires at least 12 to 72 h for
detection. The most rapid tests are latex agglutination tests and
Gram stains, which are less sensitive than culture and molec-
ular methods (6). Molecular biological methods for detection
of nucleic acids have been shown to have greater sensitivity
than immunological and staining methods. The use of PCR
primers that target DNA regions that are conserved in bacteria
for the purposes of DNA sequencing and detection of bac-
teremia has been described (2). A recent study employed a
universal bacterial broad-range PCR in combination with
Southern blot hybridization with probes for differentiation of
gram-positive and gram-negative species (3). Here, we re-
port a gram type-specific PCR for the differentiation of a
wide range of pathogenic gram-positive and gram-negative
bacteria. This technique will allow detection and differenti-
ation between gram-positive bacteria and gram-negative
bacteria and is more rapid and less time-consuming than
Southern blot analysis of the PCR products for gram differen-
tiation.

Pure bacterial isolates were derived from cultures of clinical
specimens which were analyzed by conventional procedures at
the Institute of Bacteriology, Salzburg, Austria. These speci-
mens included blood, sputum, cerebrospinal fluid, and differ-
ent kinds of swabs and feces. After a 24-h incubation on solid
medium, single colonies were resuspended in 200 ml of phos-
phate-buffered saline and pelleted by centrifugation. The pel-

let was then resuspended in 50 ml of a solution containing 20
mM (NH4)2SO4, 75 mM Tris-HCl (pH 9.0), 0.5% Tween 20,
0.5% Triton X-100, and 5 mg of proteinase K/ml and incubated
at 60°C for 1 h, followed by an incubation at 95°C for 10 min.

Universal broad-range PCR was carried out by using prim-
ers DG74 and 65ab (59-AACTGGAGGAAGGTGGGGAY-
39) as described previously (3). Position 20 at the 39-end in the
universal primer 65ab is degenerated since there is no single
signature which is present in all bacteria. DNA (2 ml) was
amplified in a final volume of 30 ml containing 20 mM (NH4)2
SO4, 75 mM Tris-HCl (pH 9.0), 0.1% Tween, 2.5 mM MgCl2,
200 mM (each) deoxynucleoside triphosphates, 10 pmol of
each primer, and 1 U of Red Hot DNA polymerase (Advanced
Biotechnology, Epsom, United Kingdom). To destroy endog-
enous bacterial DNA present in the reagents, the reaction
mixture was exposed to UV light (320 nm) for 5 min in
the presence of 38 nM 5-methoxypsoralen before the addition
of the DNA (7). The mixture was incubated at 95°C for 5 min,
followed by 45 cycles of 95°C for 30 s, 69°C for 30 s, and 72°C
for 10 s.

Single oligonucleotide primers were constructed with se-
quences unique to gram-positive bacteria and gram-negative
bacteria, respectively. The gram-positive- and gram-negative-
specific primers differ at the 39-end, where a C residue is pres-
ent in all gram-positive species analyzed and a G residue is
present in all gram-negative species (Fig. 1). For the gram-
positive-specific PCR, the primer 143 (59-GAYGACGTCA
ARTCMTCATGC-39) and the universal primer DG74 were
used with the same reaction conditions as described for am-
plification using the universal primers except that the anneal-
ing temperature was 65°C and 50 cycles were performed. For
the gram-negative-specific PCR, the primer 68d (59-AYGAC
GTCAAGTCMTCATGG-39) and the universal primer DG74
were used under the same reaction conditions as described for
amplification using the universal primers except that the con-
centration of MgSO4 was 1.75 mM and 50 cycles were per-
formed. Amplification with 45 and 50 cycles never gave a PCR
product in the negative control reaction. Blood of control
patients was spiked with a defined number of CFU of Esche-
richia coli and Staphylococcus aureus for the determination of
the sensitivity of gram type-specific PCRs. For isolation of
human genomic DNA from whole blood, erythrocytes were
lysed in 150 mM NH4Cl–10 mM NaHCO3–1 mM EDTA. After
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centrifugation, the DNAs of remaining leukocytes and bacteria
were isolated with the DNAzol method according to the man-
ufacturer’s protocol (Molecular Research Center Inc., Cincin-
nati, Ohio). The sensitivity of the gram-negative-specific PCR
was 101 CFU of E. coli per PCR and that of the gram-positive-
specific PCR was 103 CFU of S. aureus (data not shown).
Processing of blood and the amplification conditions for the
gram-positive-specific PCR in low-titer clinical samples might
have to be optimized for its application in routine diagnosis.
No specific amplification of human or fungal DNA was ob-
served when it was added to the PCR mixtures. The addition of
100 ng of human DNA did not influence PCR performance
(data not shown), an important consideration when DNA is
isolated directly from clinical samples. With all 116 different
bacterial species tested in this study, only one signal was de-
tected either with gram-positive or gram-negative-specific
primers, but all samples showed a signal after universal broad-

FIG. 1. Alignment of gram-positive and gram-negative primer sequences
with nucleotide sequences of the 16S rRNA genes of different bacterial species.
Residues identical to those of primers are indicated by dashes. Positions which
do not match primer sequence are shown in italics. Gram type-specific residues
are shown in boldface type. Nucleotide positions corresponding to the E. coli
reference sequence are depicted at the top of the figure.

TABLE 1. Summary of results of universal PCR, gram-negative-
specific PCR, and gram-positive-specific PCR

of pathogenic bacteria

Isolate
(no. of different isolates)

Broad-range PCR

Universal
Gram-

negative-
specific

Gram-
positive-
specific

Aeromonas caviae (1) 1 1
Aeromonas hydrophila (1) 1 1
Acinetobacter baumannii (2) 1 1
Acinetobacter junii (1) 1 1
Acinetobacter species (3) 1 1
Bacillus cereus (1) 1 1
Bacillus species (1) 1 1
Bacillus subtilis (1) 1 1
Campylobacter jejuni (1) 1 1
Citrobacter freundii (1) 1 1
Citrobacter species (1) 1 1
Clostridium difficile (3) 1 1
Clostridium perfringens (1) 1 1
Clostridium species (1) 1 1
Clostridium subterminale (1) 1 1
Corynebacterium species (2) 1 1
Escherichia coli (6) 1 1
Eikenella corrodens (2) 1 1
Enterobacter aerogenes (3) 1 1
Enterobacter agglomerans (1) 1 1
Enterobacter cloacae (3) 1 1
Enterobacter sakazakii (1) 1 1
Enterobacter species (1) 1 1
Enterococcus species (1) 1 1
Fusobacterium species (1) 1 1
Haemophilus species (2) 1 1
Klebsiella oxytoca (4) 1 1
Klebsiella pneumoniae (3) 1 1
Klebsiella species (3) 1 1
Morganella morganii (2) 1 1
Neisseria sicca (1) 1 1
Neisseria species (1) 1 1
Peptostreptococcus species (2) 1 1
Prevotella melaninogenica (1) 1 1
Prevotella species (1) 1 1
Propionibacterium species (1) 1 1
Proteus mirabilis (1) 1 1
Proteus species (2) 1 1
Pseudomonas aeruginosa (4) 1 1
Pseudomonas species (1) 1 1
Salmonella group C (4) 1 1
Salmonella group D (3) 1 1
Salmonella group E (1) 1 1
Salmonella typhi (2) 1 1
Serratia liquefaciens (1) 1 1
Serratia marcescens (2) 1 1
Staphylococcus aureus (5) 1 1
Staphylococcus epidermidis (4) 1 1
Staphylococcus hominis (1) 1 1
Staphylococcus species (1) 1 1
Stenotrophomonas maltophilia (2) 1 1
Stenotrophomonas species (1) 1 1
Streptococcus agalactiae (1) 1 1
Streptococcus group A (2) 1 1
Streptococcus group B (2) 1 1
Streptococcus group C (1) 1 1
Streptococcus intermedius (2) 1 1
Streptococcus milleri (2) 1 1
Streptococcus mitis (1) 1 1
Streptococcus pneumoniae (4) 1 1
Streptococcus viridans (2) 1 1
Veillonella species (2) 1 1
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range PCR (Fig. 2, Table 1). Of the 116 clinical isolates, 46
were classified as gram positive by conventional methods and
also as gram positive by gram type-specific PCR (Table 1). The
balance of the samples were classified as gram negative by
routine analysis and also specifically amplified by PCR (Table
1). Figure 2 shows a representative example for the results of
the universal and gram type-specific PCRs of a sample of
clinical isolates. Faint bands were sometimes seen in gram-
negative-specific PCR (Fig. 2C, lanes 5 and 9) with DNA from
gram-positive bacteria. If in further studies these bands occur
when clinical samples are analyzed it should be sufficient to
consider the strongest band.

It seems that for the gram-specific broad-range PCR, only
one difference in the primer sequence at the last base at the
39-end is sufficient for gram specificity (Fig. 1). Although the
sequence of the target 16S rRNA gene from some of the bacterial
species does not match completely the sequence of the gram
type-specific primers that we have designed, the specificity of

the gram type-specific PCR was not influenced. Surprisingly,
three mismatches in the primer sequence to Prevotella melani-
nogenica do not alter the specificity of the amplification reac-
tion. However, to restore sensitivity, the annealing tempera-
ture of the gram-negative-specific PCR for P. melaninogenica
had to be lowered by 4°C (data not shown). Therefore, only in
the few cases where there is a positive signal in universal PCR
but no product with either gram-positive- or gram-negative-
specific PCR would a fourth PCR for gram-negative bacteria at
65°C have to be performed.

Many of the bacterial species investigated here, such as
Klebsiella pneumoniae and S. aureus, which cause pneumonia
and septicemia, respectively, are common pathogens. Other
studies have shown that universal broad-range PCR is a rapid
diagnostic tool for the detection of bacteria in clinical speci-
mens; however, gram classification was not performed (2, 4, 5,
8). The gram type-specific broad-range PCR could form the
basis for the development of a rapid and sensitive procedure
for the detection and preliminary classification of bacteria in
clinical specimens. This would allow the early choice of specific
antibiotic treatment targeted to either gram-positive or gram-
negative bacterial species. Conventional microbiological meth-
ods would still be required for confirmation of bacterial infec-
tion, identification of the species, and determination of the
antibiotic susceptibility of any bacteria isolated.
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FIG. 2. Detection of bacterial DNA in clinical isolates by broad-range PCR.
(A) Universal PCR with primers DG74 and 65ab. (B) Gram-positive-specific
PCR with primers DG74 and 143. (C) Gram-negative-specific PCR with primers
DG74 and 68d. PCR products were analyzed by 2% agarose gel electrophoresis
and ethidium bromide staining. Lanes M, molecular size markers; lanes 1, Ba-
cillus subtilis; lanes 2, Citrobacter species; lanes 3, Corynebacterium species; lanes
4, Enterobacter cloacae; lanes 5, Enterococcus species; lanes 6: E. coli; lanes 7, K.
pneumoniae; lanes 8, Serratia liquefaciens; lanes 9, S. aureus; lanes 10, Strepto-
coccus pneumoniae; lanes 11, negative control.
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