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Broad-range amplification and sequencing of the bacterial 16S rRNA gene directly from clinical specimens are offered as a diag-
nostic service in many laboratories. One major pitfall is primer cross-reactivity with human DNA which will result in mixed
chromatograms. Mixed chromatograms will complicate subsequent sequence analysis and impede identification. In SYBR green
real-time PCR assays, it can also affect crossing threshold values and consequently the status of a specimen as positive or nega-
tive. We evaluated two conventional primer pairs in common use and a new primer pair based on the dual priming oligonucleo-
tide (DPO) principle. Cross-reactivity was observed when both conventional primer pairs were used, resulting in interpretation
difficulties. No cross-reactivity was observed using the DPOs even in specimens with a high ratio of human to bacterial DNA. In
addition to reducing cross-reactivity, the DPO principle also offers a high degree of flexibility in the design of primers and
should be considered for any PCR assay intended for detection and identification of pathogens directly from human clinical

specimens.

Sequencing of the bacterial 16S rRNA gene has demonstrated
tremendous value for bacterial taxonomy as well as for routine
identification of cultured isolates (5, 17). Primers intended for
these purposes have been extensively validated with regard to the
target range and discriminatory properties of the generated se-
quences (1, 3,7, 9). Today, as a culture-independent supplement
to diagnostic bacteriology, broad-range amplification and se-
quencing of the bacterial 16S rRNA gene directly from clinical
specimens are also established in many laboratories. Despite the
many articles signifying the usefulness of this approach (8, 11, 14,
18, 19, 21), primer cross-reactivity with human DNA is rarely
addressed. Coamplification of human DNA can complicate sub-
sequent sequence analysis by causing mixed chromatograms (10,
12). Crossing threshold (Cr) values of real-time PCR assays uti-
lizing SYBR green may also be affected and, consequently, the
interpretation of a specimen as positive or negative.

The aim of this study was to identify primer candidates for
broad-range amplification of the recommended (5, 6) V1-V3 area
of the 16S rRNA gene without significant cross-reactivity with
human DNA. Having observed cross-reactivity with well-es-
tablished conventional primers (2, 6, 7), we proceeded to examine
the use of a new primer pair based on the dual priming oligonu-
cleotide (DPO) principle. A DPO consists of two functional seg-
ments with distinct annealing properties connected by five con-
secutive deoxyinosine bases, called a poly(I) linker (4). The 5’
segment is the longest (18 to 25 bp) and crucial for positioning and
stable annealing of the primer. The 3’ segment is short (6 to 12 bp)
and will only bind if there is already stable annealing of the 5 end.
The short length and low annealing temperature of the 3’ segment
resultin alow tolerance for mismatches and are reported to ensure
target-specific extension.

MATERIALS AND METHODS

Clinical specimens. The types of specimens selected for this study were
assumed to contain high levels of human DNA. In total, residual material
from 50 clinical specimens was included, as follows: various abscesses
(n = 24),bile (n = 2), blood/hematoma (n = 2), bone (n = 3), peritoneal
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fluid (n = 1), pleural fluid/empyema (n = 6), heart valve (n = 2), various
soft tissues (n = 9), and synovial fluid (n = 1). Fifteen specimens were
defined as broad-range PCR negative, and 35 were defined as broad-range
PCR positive based on previous investigations. The PCR-negative speci-
mens were sequenced as a toughened validation since a suitable primer
pair should be able to amplify low-level background bacterial DNA from
the reagents without coamplification of the abundant human DNA in the
specimens. Corresponding culture results were available for all specimens.

PCR primers. Two common primer pairs for sequence-based identi-
fication of bacterial isolates were selected. In this paper they will be
referred to as Bosshard (forward [Bact-8s-20], 5'-AGA-GTT-TGA-TCM-
TGG-CTC-AG-3'; reverse [pD], 5 -GTA-TTA-CCG-CGG-CTG-CTG-
3") (2, 7) and CLSI (forward [4F], 5'-TTG-GAG-AGT-TTG-ATC-MTG-
GCT-C-3'; reverse [534R], 5" -TAC-CGC-GGC-TGC-TGG-CAC-3') (6).
Both primer pairs target the first 500 bp of the bacterial 16S rRNA gene.
An alternative combination using the forward CLSI primer together with
the reverse Bosshard primer was also used. The above primers were or-
dered from Sigma-Aldrich (St. Louis, MO).

The DPOs are given in Table 1 (DPO16S-forward and DPO16S-re-
verse). The 5 segments were based on the Bosshard forward and the CLSI
reverse primers, except that the 3'-terminal base was removed for both
primers, and the three 5'-terminal bases were removed from the CLSI
reverse primer. The DPOs were ordered from Exiqon (Vedbaek, Den-
mark).

Pre-PCR treatment of clinical specimens. Total DNA was extracted
from the clinical specimens using the following protocol. Between 200
and 800 ul of sample material was added to a bead-containing tube
(SeptiFast Lysis Kit; Roche, Mannheim, Germany), together with 400 ul
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TABLE 1 Presentation of the 16SDPO-forward and 16SDPO-reverse primers together with the most common and aberrant sequence variants in

their binding areas

Primer name and target organism

Sequence®

16SDPO-forward
Most bacteria®
Atopobium spp.
Chlamydiales
Borrelia spp.
Bifidobacteriales
Coxiella burnetii
16SDPO-reverse
Most bacteria®
Chlamydiales
Mycoplasma pneumoniae
Ehrlichia spp.
Anaplasma phagocytophilum
Jonquetella anthropi

5'-AGAGTTTGATCMTGGCTCA-I-I-I-I-I-AACGCT-3’
5'-AGAGTTTGATCMTGGCTCA-G-R-D-Y-D-AACGCT-3’

5 Yommmm - I-I-I-I-I-------- 3’
5'----A-----—-T---T----I-I-I-I-I--------3'
B - T--I-I-I-I-I-------- 3’
5'-G----C----T---------I-I-I-I-I--------3'
o T--mm—m——— I-I-I-I-I-------- 3’
5'-CGCGGCTGCTGGCA-I-I-I-A-I-TTRGC-3’
3'-CGCGGCTGCTGGCA-C-R-D-A-D-TTRGC-5’
3 A I-I-I-A-I------- 5
3 A--mmmm - I-I-I-A-I------- 5’
3 - I-I-I-A-I---T---5'
3 - I-I-I-A-I---T---5'
3 - I-I-I-A-I---T---5'

@ Consensus sequence based on the most commonly observed sequence variants.

b Boldface letters indicate a locked nucleic acid. D is A, G, or T; M is A or C; Ris A or G; Y is C or T; I is deoxyinosine.

of bacterial lysis buffer (BLB; Roche). For liquid specimens with low vis-
cosity, 800 ul was the maximum capacity of the bead-containing tube. For
other specimens 400 ul was used if available. The lowest volume that
would still provide 400 ul of supernatant for the subsequent DNA puri-
fication was 200 ul, and that was the lowest volume accepted for all spec-
imens. A negative extraction control containing lysis buffer and 400 ul of
PCR-grade water was included in every batch of samples. The specimens
were run two times for 45 s in a FastPrep machine (Cepheid, Sunnyvale,
California) at a speed setting of 6.5. After a short spin, 400 ul of superna-
tant was transferred to a MagNa Pure Compact automated extractor
(Roche), and DNA was extracted and purified using the total nucleic acid
program according to the manufacturer’s instructions. The resulting 50
wul of eluate was stored at —80°C until used.

PCR conditions. PCRs were performed in a 25-ul reaction tube on a
SmartCycler real-time apparatus (Cepheid, Sunnyvale, CA). The PCR
mixture consisted of 12.5 ul of ExTaq SYBR Master Mix (TaKaRa, Otsu,
Japan), 0.4 uM each primer, 8.5 ul of PCR-grade water, and 2 ul of
extracted DNA. The PCR thermal profile included an initial polymerase
activation step of 10 s at 95°C, followed by 45 cycles of 10 s at 95°C (melt),
15 s at 64°C (annealing, conventional) or 62°C (annealing, DPO), and 20
s at 72°C (extension).

To compare C; values directly, an alternative PCR mixture was used
consisting of 5 ul of LightCycler FastStart DNA MasterPLUS SYBR green
I (Roche), 0.4 uM each primer, 16 ul of PCR-grade water, and 2 ul of
extracted DNA. The thermal profile for this PCR included an initial poly-
merase activation step of 600 s at 95°C, followed by 45 cycles of 10 s at 95°C
(melt), 15 s at 64°C (annealing, conventional) or 62°C (annealing, DPO)
and 25 s at 72°C (extension).

All PCRs were optimized to determine the most stringent running
conditions that did not compromise sensitivity.

Definition of a positive specimen. A positive specimen was defined as
reaching the fluorescence threshold value (C;) =3 cycles before the neg-
ative control (14, 23). All specimens, both positives and negatives, were
run until the amplification curve had reached the plateau level.

Sequencing. The PCR products were spun out of the Smart Cycler
reaction tubes into a 1.5-ml Eppendorf tube and cleaned up using an
ExoSAP-IT enzymatic degradation kit (Affymetrix, Santa Clara, CA). Se-
quencing was performed using an ABI Prism 1.1 BigDye sequencing kit
and an ABI 3730 DNA analyzer (Applied Biosystems, Foster City, CA).

Interpretation of chromatograms and detection of cross-reactivity.
Mixed DNA chromatograms were analyzed using the RipSeq Mixed web
application (Isentio, Bergen, Norway) (13). Nonmixed chromatograms
were analyzed with a standard BLAST search against the GenBank data-
base following the interpretation criteria provided by the CLSI (6).
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Coamplification of human DNA was detected by carefully examining
the chromatograms for unexpected ambiguity or deviant chromatogram
lengths.

RESULTS

In silico evaluation of primers. The DPO primers were aligned
against GenBank references for 168 species from 131 genera to
discover variations within the primer binding sites that could af-
fect PCR amplification efficacy (see Table S1 in the supplemental
material). The alignment revealed no alternative sequence vari-
ants in the binding area for the 16SDPO-forward 3" segment while
sequence variants for the 16SDPO-reverse 3’ segment were found
within three genera (Anaplasma, Ehrlichia, and Jonquetella).
Primer mismatches against the 16SDPO 5’ segments correspond
to those seen for the Bosshard forward and CLSI reverse primers,
respectively. The aberrant sequence variants in the DPO primer
binding areas are listed in Table 1.

Evaluation of conventional primer pairs in clinical speci-
mens. A preliminary investigation on cross-reactivity for all
primer pairs was performed by amplifying bacterial DNA from a
subset of 13 clinical specimens (Table 2, samples 1 to 13). Visual
examination of the resulting chromatograms revealed coamplifi-
cation of various human DNA fragments with all the conventional
primer pairs. The bacterial 16S rRNA amplicons had lengths
around 500 bp as expected. Extra amplicons from human DNA
longer than 500 bp were easily detected, while shorter amplicons
produced an unusually high chromatogram complexity in the 5’
end followed by a drop back to the expected complexity (Fig. 1).
With the Bosshard primers a 260-bp fragment corresponding to a
portion of human chromosome 5 was found in 8 out of 13 speci-
mens. In addition, various more prominent fragments with
lengths ranging from 120 to 220 bp were observed in some of the
chromatograms. With the CLSI primers, cross-reactivity was ob-
served in reverse chromatograms as a 660-bp fragment corre-
sponding to a part of human chromosome 9 in eight specimens.
This cross-reactivity was quite strong, and the human fragment
dominated in all chromatograms where it was present. The logical
next step was to combine the CLSI forward and Bosshard reverse
primers. The CLSI forward primer was then found to amplify a
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TABLE 2 Evaluation of the new dual priming oligonucleotides

DPOs for Direct 16S Sequencing

Sample no.? Specimen PCR°® Findings (based on sequence) F$ R¢ Culture

1 Abscess, lung Neg Bacterial background”< v v Aspergillus sp.

2 Tissue, prosthetic joint Neg Bacterial background” v v No growth

3 Abscess, bone Pos Kingella kingae™? v v Kingella kingae

4 Abscess, brain Pos Streptococcus intermedius™® v v Streptococcus intermedius

5 Abscess, kidney Pos Escherichia coli*"* 4 v Escherichia coli

6 Abscess, liver Pos Enterococcus faecium, Escherichia coli 4 v Enterococcus faecium, Escherichia coli

7 Abscess, subcutaneous Pos Enterococcus faecium, Finegoldia magna® v v Enterococcus faecium, Finegoldia magna

8 Bile Pos Streptococcus anginosus v v Streptococcus anginosus

9 Pleural fluid Pos Streptococcus pyogenes™” v v Streptococcus pyogenes

10 Tissue Pos Staphylococcus epidermidis v v Staphylococcus epidermidis
Pacemaker pouch Propionibacterium acnes™® v v

11 Tissue prosthetic joint Pos Staphylococcus aureus® v v Staphylococcus aureus

12 Tissue prosthetic joint Pos Bacteroides fragilis™” v v Bacteroides fragilis

13 Tissue subcutaneous Pos Morganella morganii v v Morganella morganii

14 Abscess, aorta Neg Bacterial background v v No growth

15 Abscess, neck Neg Bacterial background v v No growth

16 Abscess, presacral Neg Propionibacterium acnes (high), bacterial background (low) v v No growth

17 Abscess, subcutaneous Neg Bacterial background v v No growth

18 Heart valve Neg Staphylococcus aureus (high), bacterial background (low) v v Staphylococcus aureus

19 Heart valve Neg Bacterial background v v No growth

20 Peritoneal fluid Neg Escherichia coli v v Escherichia coli

21 Pleural fluid Neg Streptococcus intermedius (high), bacterial background (low) v v No growth

22 Pleural fluid Neg Bacterial background v v No growth

23 Subdural hematoma Neg Bacterial background v v No growth

24 Synovial fluid Neg Bacterial background v v No growth

25 Tissue, prosthetic joint Neg Staphylococcus aureus (high), bacterial background (low) v v Staphylococcus aureus

26 Tissue, surgical wound Neg Staphylococcus aureus (high), bacterial background (low) v v Staphylococcus aureus

27 Abscess, abdominal Pos Haemophilus parahaemolyticus v v No growth

28 Abscess, brain Pos Streptococcus intermedius, Fusobacterium nucleatum 4 v Streptococcus intermedius

29 Abscess, brain Pos Fusobacterium nucleatum v v No growth

30 Abscess, brain Pos Aggregatibacter aphrophilus v v Aggregatibacter aphrophilus

31 Abscess, hip Pos Bacteroides fragilis v v Bacteroides fragilis

32 Abscess, kidney Pos Citrobacter koseri 4 v Citrobacter koseri

33 Abscess, liver Pos Propionibacterium acnes v v Propionibacterium acnes

34 Abscess, liver Pos Escherichia coli, Clostridium perfringens v v Escherichia coli

35 Abscess lung Pos Lactobacillus gasseri v v Lactobacillus gasseri

36 Abscess pancreas Pos Neisseria sp. v v No growth

37 Abscess pancreas Pos Mycobacterium tuberculosis v v Mycobacterium tuberculosis

38 Abscess retroperitoneal Pos Enterococcus faecium, Klebsiella pneumoniae v v Enterococcus faecium

39 Abscess shoulder Pos Finegoldia magna v v Finegoldia magna

40 Abscess subcutaneous Pos Streptococcus dysgalactiae v v Streptococcus dysgalactiae

41 Bile Pos Escherichia coli v v Escherichia coli

42 Biopsy bone Pos S. aureus v v Staphylococcus aureus

43 Biopsy bone Pos Enterobacter asburiae/hormaecei v v Enterobacter sp.

44 Biopsy bone Pos Staphylococcus aureus, Staphylococcus epidermidis v v Staphylococcus aureus

45 Heart blood Pos Clostridium septicum v v Clostridium septicum

46 Pleural fluid Pos Escherichia coli v v Escherichia coli

47 Pleural fluid Pos Staphylococcus intermedius v v Staphylococcus intermedius

48 Pleural fluid Pos Prevotella pleuritidis v v Eikenella corrodens, Campylobacter

gracilis
49 Tissue, mediastinum Pos Enterococcus faecalis v v Enterococcus faecalis
50 Tissue, prosthetic joint Pos Staphylococcus epidermidis v v Staphylococcus epidermidis

@ Cross-reactivity with human DNA observed for Bosshard primers.

b Cross-reactivity with human DNA observed for CLSI primers.

¢ Cross-reactivity with human DNA observed for the Bosshard forward/CLSI reverse primer combination.
4 Samples consist of 15 PCR-negative samples (1 to 2 and 14 to 26) and 35 PCR-positive samples (3 to 13 and 27 to 50). Samples 1 to 13 were used for the initial primer evaluation
that also included the conventional primer pairs.
¢ Pos, positive; Neg, negative.
/Bacterial background indicates for the most part mixed chromatograms dominated by Pseudomonas spp.

¢ F, forward sequence; R, reverse sequence. The check mark indicates that no unexpected fragments/cross-reactivity was observed.

strong 120-bp fragment from three specimens representing a part

of human chromosome 10.

Evaluation of DPO primers in clinical specimens. Coampli-
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fication of human DNA was not observed in the initial investiga-

tion of the new DPOs (Table 2, samples 1 to 13). We therefore

proceeded to perform an extended evaluation on the remaining 37
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FIG 1 Examples of various cross-reactivities using different primer sets for sample 3 (Table 2). The top chromatogram was obtained using the DPO primer set.
It displays no ambiguity and represents the 165 rRNA gene of Kingella kingae only. The middle chromatogram shows amplification using the CLSI forward/
Bosshard reverse primer combination. The area shown is identical to that of the top chromatogram. Coamplification of human DNA gives ambiguity up to bp
121 (red arrow). Thereafter, the 16S rRNA gene of K. kingae continues as a pure sequence. The bottom chromatogram shows amplification using the CLSI primer
set. Terminal part of the reverse chromatogram is shown, and the length of the chromatogram is 667 bp (red circle), significantly longer than the expected 16S

rRNA amplicon length of 500 bp. The chromatogram represents only human DNA, and the 16S rRNA gene of K. kingae could not be detected.

clinical specimens (Table 2, samples 14 to 50). No coamplification
of human DNA was observed in any of the resulting chromato-
grams. For 6 of the 15 specimens defined as negative based on
previous and current PCR C; values, the resulting chromatograms
still represented potentially relevant findings. These were Esche-
richia coli in a peritoneal fluid specimen; Propionibacterium acnes
in a presacral abscess; Staphylococcus aureus in one periprosthetic
tissue specimen, one surgical wound specimen, and one heart
valve; and Streptococcus intermedius in a pleural fluid specimen.
The detection of E. coli in one specimen and S. aureus in three
specimens was confirmed by culture.

Human DNA cross-reactivity and real-time PCR positivity.
A direct comparison between the various primers was performed
to explore the consequences of primer cross-reactivity with hu-
man DNA and its impact on the specimen C; values by running
three specimens and two controls in parallel (Table 3). The
DPO16S PCR and the conventional PCRs were found to be
equally effective based on C; values for the two controls and spec-
imen 1, a strong positive specimen that had not displayed any
cross-reactivity with the conventional primers. C; values were
also equal for specimen 2. For this specimen the Bosshard and
DPO assays resulted in pure Bacteroides fragilis 16S chromato-
grams, but the CLSI chromatograms revealed significant coampli-
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fication of human DNA. For specimen 3, Cy values differed. Based
on C; values alone, the specimen was found to be positive when
amplified with the CLSI and the Bosshard PCRs and negative
when amplified with the DPO PCR. The CLSI chromatograms,
however, contained only human DNA sequences with no detect-
able bacterial 16S rRNA genes. In the Bosshard chromatograms S.
aureus could be identified using the RipSeq Mixed software, but
multiple other fragments with equal signal strengths were also
present. The DPO PCR reached C; two and four cycles after the
CLSI and Bosshard PCRs, respectively, but displayed no cross-
reactivity. The DPO chromatograms represented only S. aureus
(dominant) and Pseudomonas spp. (low secondary peaks repre-
senting bacterial background).

DISCUSSION

Broad-range amplification and sequencing of the bacterial 16S
rRNA gene directly from clinical specimens can be offered as a
diagnostic service in laboratories. However, cross-reactivity with
human DNA is a major pitfall and may prevent laboratories from
embracing broad-range amplification as a viable clinical test.
Primers therefore need to be customized for this type of analysis to
avoid significant problems in the subsequent interpretation of re-
sults.
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TABLE 3 A direct comparison between all three primer pairs

DPOs for Direct 16S Sequencing

Result forward

Result reverse

Control or sample type (specimen no.)* Primer set Cr* Organism* Cross-reactivity® Organism Cross-reactivity®
Klebsiella 16S plasmids (strong positive) CLSI 15.6
Bosshard 15.8
DPO 15.3
Extraction control (weak positive)” CLSI 30.9
Bosshard 31.1
DPO 31.7
Tissue, subcutaneous (1) CLSI 12.5 M. morganii - M. morganii -
Bosshard 12.3 M. morganii - M. morganii -
DPO 12.3 M. morganii - M. morganii -
Abscess, hip (2) CLSI 26.4 B. fragilis ++ BND +++
Bosshard 26.3 B. fragilis - B. fragilis -
DPO 26.8 B. fragilis - B. fragilis -
Periprosthetic tissue hip (3) CLSI 25.3 BND +++ BND +++
Bosshard 27.2 S. aureus +++ S. aureus +++
DPO 29.2 S. aureus - S. aureus -

“ Parallel amplifications of two controls and three clinical samples were performed. All samples were run in duplex.
¥ The negative extraction control functions as a weak positive because of background bacterial DNA in the reagents.

¢ Values are the average of two runs.

4 M. morganii, Morganella morganii; S. aureus, Staphylococcus aureus; B. fragilis, Bacteroides fragilis; BND, bacterial 16S gene not detectable.
¢ Cross-reactivity is scored as follows: —, no detectable cross-reactivity; ++, cross-reactivity with chromatogram peak heights equal to bacterial 16S gene peak heights; +++, cross-
reactivity with chromatogram peak heights higher than bacterial 16S gene peak heights or cross-reactivity with multiple fragments with equal heights to bacterial DNA.

Primers intended for use directly on patient specimens should
be tested against a panel of clinical specimens. Traditional PCR
primers may not be very discriminative, and unspecific amplifica-
tion can occur even with multiple primer mismatches in speci-
mens with a low target-to-nontarget ratio. In addition, major
parts of the human genome are represented by only a few refer-
ences in GenBank, and little is known about how variable these are
from one individual to another.

Fifteen of the 50 specimens in this study were defined as nega-
tive based on PCR C; values from the present and previous inves-
tigations (Table 2, samples 1 to 2 and 14 to 26). The finding of
potentially relevant bacterial DNA upon sequencing in six of these
PCR-negative samples reflects the reduced sensitivity for a univer-
sal PCR in samples containing low levels of pathogen DNA since a
positive sample can only be reliably defined if it contains signifi-
cantly more bacterial DNA than the negative control (i.e., the
background/contaminant bacterial DNA from the reagents) (23).
The small differences between pathogen DNA levels and back-
ground DNA levels in these specimens were demonstrated by
background DNA being detectable as low secondary peaks in most
of the chromatograms. The development of DNA-free reagents
will hopefully contribute to improved sensitivity in the future
(16, 22).

Evaluating primer binding close to the 5’ end of the 16S rRNA
gene is problematic since the primer binding site is often missing
or of poor quality in GenBank references. It is also likely that for
some of the references where the 5" end primer binding site is
present, it represents the primer used in the amplification and not
necessarily the actual sequence. Sequence variants in the binding
area for the Bosshard forward primer have been evaluated by
Frank and coworkers (9). Our findings are in concordance with
theirs except that we do not find support in GenBank for primer
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mismatches against Sphingomonas paucimobilis or against any of
the medically relevant Campylobacter spp. For the DPOs a single
5" segment mismatch is unlikely to affect amplification. However,
the three 5 segment mismatches observed for the forward
16SDPO against Chlamydiales and Bifidobacteriales will probably
impair stable primer annealing. The variant 3’ segment binding
site for 16SDPO-reverse found in Anaplasma phagocytophilum,
Ehrlichia spp., and Jonquetella anthropi will also hinder amplifica-
tion. To include the latter variant, the R (G or A) in position 3
from the primer 3" end can be replaced with a D (all but C). The
increased ambiguity could theoretically introduce cross-reactivity
with human DNA and will necessitate a new validation. No broad-
range primer pair will match all relevant species (20). It is impor-
tant that laboratories are aware of primer binding site variants and
eventually possess alternative primers for specimens where suspi-
cion of infection remains high despite a negative PCR.

Dual priming oligonucleotides are in many aspects easier to
design than standard primers (4). The only problem we encoun-
tered was the short lengths of the traditionally used primer bind-
ing areas (around 20 bp) since a typical DPO will have a length of
29 to 42 bp. We found that shorter than the recommended 5’
segments could be used in GC-rich areas, as seen in the reverse
DPO. In the forward DPO we increased a low 5'-segment anneal-
ing temperature by introducing two locked nucleic acids (15). As
demonstrated in Table 1, the poly(I) linker offers some flexibility
since it can be used to cover a short variable section in between two
conserved areas. In the reverse primer we demonstrate a variant
where the fourth deoxyinosine base in the poly(I) linker is re-
placed by a standard base (an A). By doing this, the 3’ segment
could be reduced to 5 bp without reducing PCR efficacy. We be-
lieve that a match with the interrupted poly(I) will result in some
reduction of the discriminatory properties of the subsequent 3’
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segment, whereas a mismatch will increase instability and lead to
even more efficient blocking of unspecific elongation.

For the parallel run (Table 3) we used a different PCR master
mix. This was because of a tendency for primer-dimer formation
in the extraction controls with the TaKaRa Master Mix when am-
plification was performed using the conventional primers. Inter-
estingly, in concordance with Chun et al. (4), this was not found to
be a problem with the DPO primers.

In SYBR green assays any increase in double-stranded DNA
will increase fluorescence emission. Consequently coamplifica-
tion of human DNA may also have an impact on specimen C;
values. It is likely that this effect will be largest for weak positive
specimens. We believe this to be the explanation for the C incon-
sistencies for specimen 3 in Table 3. Although in this specific ex-
ample the lower C; value for the Bosshard primers revealed what
was actually a relevant bacterial finding, it nevertheless demon-
strates the risk for a true-negative specimen to be erroneously
defined as a weak positive. The effect of cross-reactivity was even
more pronounced for the CLSI primers, but here the resulting
chromatograms represented human DNA alone.

An alternative approach to reduce cross-reactivity with human
DNA is so-called targeted isolation of bacterial DNA (10).
Through various methods, nonbacterial DNA can be selectively
removed in the extraction process. Although this has proven to be
efficient, it will not eliminate the need for more specific primers
since a complete removal of human DNA cannot be expected.
Concern has also appropriately been raised about a concomitant
significant reduction of bacterial DNA (12). Importantly, these
methods are developed for liquid specimens like blood and syno-
vial fluids and will not necessarily work with tissue or viscous pus
specimens.

We have used the dual priming oligonucleotide principle to
design a new set of broad-range 16S rRNA gene primers. No co-
amplification of human DNA was observed when the primers
were tested against a panel of 50 human clinical specimens. This is
particularly important in SYBR green real-time assays where
cross-reactivity not only will result in problems for the subsequent
chromatogram analysis but also can affect specimen C; values.
The DPO design should make this an attractive primer set for
clinical laboratories, where false-negative and false-positive PCRs
can be reduced by preventing human DNA cross-reactivity.
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