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Summary

Streptobacillus moniliformis is a zoonotic bacterium. We obtained positive S. moniliformis
PCR results in oral swab samples from guinea pigs from an experimental colony and the
breeding colony of origin. Comparison of the DNA sequence of an amplicon with
deposited 16S rDNA sequences revealed that Leptotrichia sp can be the source of a false

positive S. moniliformis PCR outcome.

Introduction

Streptobacillus moniliformis is the causative agent of rat bite fever and Haverhill fever in
man (Elliott, 2007). Streptobacillosis is a risk associated with work with laboratory rodents
(Wullenweber, 1995) and S. moniliformis infection has been detected in various mouse, rat
and guinea pig colonies in the last twenty years (references in Boot et al., 2002). The host
spectrum of the bacterium might comprise also non rodent species (Elliott, 2007). The
infection may be detected by serology (Boot et al., 1993, 2006), culture and the polymerase
chain reaction (PCR) (Boot et al., 2002). S. moniliformis is listed in the European
recommendations for the routine monitoring of laboratory rodents for unwanted infectious
microorganisms (Nicklas et al., 2002).

We report a case in which guinea pigs used as experimental animals and showing
antibodies to S. moniliformis were positive by S. moniliformis PCR used as a confirmatory
test. DNA sequencing of an amplicon revealed that Leptotrichia sp can be the source of a

false positive S. moniliformis PCR outcome.
Material and Methods

Animals and samples

Positive results of testing Dunkin Hartly guinea pigs used in vaccine control experiments
by S. moniliformis enzyme linked immunosorbent assay (ELISA) and immunoblot (IB or
Western blot) made us to sample four animals for testing by S. moniliformis PCR (Boot et
al., 2002). Sampling was carried out in a sterilized class 2 safety cabinet and strict

precautions were taken to avoid cross-contaminations between animals and samples.

The animals were sacrificed under anesthesia, inspected for gross abnormalities of the

lungs, the larynx en the cervical lymphnodes (Inn cervicalis profundus cranialis). The oral
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cavity was sampled using a moistened cotton swab and the cervical lymphnodes and a part
of the anterior lobe of the lung was excised. Samples were stored at 4 °C until testing by
PCR.

Our experimental colony contained guinea pigs originating from two breeding colonies.
Positive PCR findings in the experimental guinea pigs made us to test additional oral
samples from animals from our institutional (n=24) and a commercial breeding colony
(n=12) by PCR.

Culture for S. moniliformis was not attempted as the bacterium is notoriously difficult to
grow and in rats PCR has been found more sensitive than culture to detect the infection
(Boot et al., 1995).

Animal experiments were approved by the institute’s Ethical Committee on Animal
Experiments and were conducted in compliance with national legislation which is based on

European Community directive 86/609/EEC.

PCR

Extraction of DNA from samples and amplification of DNA were carried out as described
(Boot et al., 2002). We used a primer set designed around 1990 on the basis of the DNA
base sequence of the 16S rRNA gene of S. moniliformis comprising the forward primer
5’GCT TAA CAC ATG CAA ATC TAT 3’ and the reverse primer 5’AGT AAG GGC
CGT ATC TCA 3°. Length of the S. moniliformis amplicon is expected to be 296 bp.
Lysate of S. moniliformis control strain KUN-3 was included as a positive control and MQ
as a negative control in all runs.

Identification of the source of the amplicons was attempted by Bfal restriction enzyme

analysis (Boot et al., 2002).

Measures to prevent DNA contamination

Preparation of PCR mixtures, DNA extraction from tissue specimens, addition of template
DNA, and detection and analysis of PCR products were done in separate rooms to prevent

intercurrent contamination of reaction mixtures by S. moniliformis DNA.

Sequencing

An amplicon was sequenced in both directions using the amplification primers as

sequencing primers. The concensus (of both directions) DNA sequences was compared
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with bacterial 16S rDNA sequences deposited in the NCBI database (Genbank) using
BlastN 2.2.12 and AlignPlus 5.1 (SciEd software). Sequencing was performed on a Perkin

Elmer 310 sequencer, with Big Dye Terminator Cycle Sequencing Ready reaction kit.

Reevaluation of primer set

The primer set used for the detection of S. moniliformis (Boot et al., 2002) was reevaluated

by comparison with bacterial 16S rDNA sequences deposited in Genbank.

Results

Observations in guinea pigs

PCR testing of oral samples from four experimental guinea pigs yielded amplicons which
by their size were suggestive of being produced from S. moniliformis but samples from the
cervical lymph nodes and the lungs were negative. No gross abnormalities were found in
the lungs, the larynx and the cervical lymphnodes.

Oral samples from the 24 guinea pigs from our institutional breeding colony were negative
by PCR but an amplicon suggestive for S. moniliformis infection was obtained from all 12

samples from animals from the commercial breeding colony.

Amplicon identification

Bfal restriction enzyme analysis did not yield the expected fragments from S. moniliformis
control strain KUN-3 and could therefore not be used for identification of the source of the
amplicons. Sequencing of one amplicon yielded a sequence of 289 bp which by in silico
evaluation showed significant homology with the 16S rDNA sequences of four uncultured
bacterial clones partly deposited in Genbank as Leptotrichia sp (Table 1 and Fig. 1) and
only limited homology with the 16S rDNA sequence of the S. moniliformis type strain. The

remaining amplicons were not kept for sequencing.

Reevaluation of the primer set

Reevaluation of the S. moniliformis primer set revealed that in addition to Sebaldella
(Bacteroides) termitidis and Fusobacterium necrogenes (Boot et al., 2002) unnamed
human oesophageal bacteria and Leptotrichia species from the female reproductive tract
(Shukla et al., 2002; Gundi et al., 2004; Hebb et al., 2004; Zhou et al., 2004), would lead to

a positive S. moniliformis PCR result.

Page 4 of 12



124

126

128

130

132

134

136

138

140

142

144

146

148

150

152

154

156

Differences in base sequences between S. moniliformis and these species (Fig. 2) suggest
the possibility to develop one or two probes or primers that might be used in a S.
moniliformis specific real time PCR and nested PCR respectivily. Bfal restriction enzyme
treatment of the amplicons would yield similar sized fragments from S. moniliformis and

its four closest relatives (Table 1 and Fig. 2).

Discussion

Detection of S. moniliformis in laboratory animals by culture is notoriously difficult and in
rats PCR has been found to be more sensitive than culture (Boot et al., 2002).

We recently obtained the expected 296 bp S. moniliformis amplicon from oral swab
samples taken from seropositive pet rats kept by a human rat bite fever patient in which S.
moniliformis infection was confirmed by culture (Van Nood and Peters, 2005).

The detection of similar sized amplicons in oral samples from guinea pigs from our
experimental colony therefore seemed to confirm our serological observations.

The fact that the commercial breeding colony could be traced as the likely source of the
infection of course raised concern given the consequences of the distribution of S.

moniliformis infected animals to various research institutes.

When we developed our primer set we became aware that our S. moniliformis PCR would
also generate a 296 bp amplicon from Sebaldella (Bacteroides) termitidis (from termite
intestine so not likely occuring in laboratory animals) and from Fusobacterium necrogenes
but then we were able to discriminate the amplicons through a different number of
fragments obtained by Bfal restriction enzyme treatment (Boot et al., 2002).

As, for unknown reasons, we now failed to produce the three fragments to be expected
from the S. moniliformis amplicon, we used amplicon sequencing for confirmation and
found Leptotrichia sp or closely related bacterial species as the most likely source.

We believe that the new organism identified was present in all PCR positive guinea pigs.
Unfortunately amplicons from other animals were not kept. Sequencing more amplicons
would however not alter the obervation that our S. moniliformis PCR can yield a false
positive outcome.

We informed the breeder about our findings as our primer set for the detection of S.
moniliformis might be in use by other laboratory animal diagnostic laboratories which

might then report streptobacillosis to the breeder.
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Reevaluation of the S. moniliformis primer set with 16S rDNA sequence data accumulated
in GenBank up to august 2006 indicated that apart from human Leptotrichia species also
unnamed human oesophageal bacteria might lead to a false positive S. moniliformis PCR
result. Human bacteria are easily transmitted to contemporary specified pathogen free
laboratory rodents and rats have been found infected by Leptotrichia (McNamara et al.,

1982) and Fusobacterium species (Isogai et al., 1985; Wang et al., 1996).

We might develop a new primer set for the specific detection of S. moniliformis. The
number of bacterial species on which 16S rDNA sequence data is added to Genbank
increases however exponentially and we presume that also a new primer set will soon
become outdated. It seems more practical to sequence the amplicon to identify its source

(S. moniliformis or another bacterial species). Sequencing of amplicons has been used in
the diagnosis of human S. moniliformis infection (Berger et al., 2001; Wallet et al., 2003).
A nested or real time PCR with a specific probe (Heid et al., 1996) would be an
improvement of the assay used in this study. However since PCR oligonucleotide primers
and probes comprise a limited number of base pairs only they provide less information than

the sequence of the amplicon (Fig. 2).

Conclusion
Our observations show that PCR testing for detection of S. moniliformis may yield false

positive results. Therefore PCR results should be further evaluated by amplicon sequencing

in order to prevent unnecessary eradication measures in laboratory animal colonies.
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Table 1. Homology of a S. moniliformis PCR amplicon obtained from guinea pig oral

samples with 16S rDNA sequences of Leptotrichia sp (%)

Accession % homology
number with an
amplicon
obtained by
S. moniliformis
PCR

Uncultured bacterium clone-nE22-31 DQ634071 98
Uncultured Leptotrichia species oral AY806831 98
clone-IS019B26
Uncultured bacterium clone-nE12-14 DQ633193 98
Uncultured Leptotrichia species oral AF432138 98
clone-FP036
Leptotrichia goodfellowii-LB57" AY 029807 84
Leptotrichia buccalis-ATCC 14201" 137788 82
Streptobacillus moniliformis-ATCC 735305 80

146477

T = type strain
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Figure 1

amplicon from S. moniliformis PCR

uncultured bacterium clone nE22-31 (DQ634071) *

uncultured Leptotrichia species oral clone-IS0 19B26 (AY806831)

uncultured bacterium clone nE12-14(DQ633193)

uncultured Leptotrichia sp oral clone-FP036 (AF432138)

Leptotrichia buccalis ATCC 42017 (L37788)

Leptotrichia hofstadii B23" (AY029803)

— Leptotrichia shahii LB37%(AY029806)
Leptotrichia trevesanii ATCC 7009077 (AF206305)

Leptotrichia wadeii LB16" (AY029802)

Leptotrichia goodfellowii LB57 7 (AY029807)

"Leptotrichia amnionii" AMN-1 (AY078425)

Sneathia sanguinegens CCUG 41628T (AJ344093)

Sebaldella termitidis ATCC 33386" (M586780)

——ve— Streptobacillus moniliformis ATCC 14647%(235305)

L Streptobacillus moniliformis AHL370-1(%Z35304)

aN

L

Fig. 1. the 16S rRNA gene sequence of an amplicon generated by S. moniliformis PCR is closely related to Leptotrichia species. The
dendrogram was created with AlgnPlus5.0; multiway alignment using neighbor-joining phylogeny.

* (..) Genbank accession number.
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Figure 2

F-PRIMER 1 gcttaacacatgcaaatctat

S.moniliformisT 39 gcttaacacatgcaaatctatgtatgaaatgtaagct-t-gcttacatagacta---c-atggtggactggtgagtaacgtgtaaagaacttacctcttagactgggataaccattaggaaatgatggat

Amplicon 1 gcttaacacatgcaaatctatggggaaacggt--gct-t-gc--accgtgataa---ccatggcggacgggtgagtaacgcgtaaagaacttgcctcttagtctgggataa-cagatggaaacgactgat
clone nE22-31 14 gcttaacacatgcaagtcaatggggaaacggt--gct-t-gc--accgcgataa---ccatggcggacgggtgagtaacgcgtaaagaacttgectcttagtctgggataa-cagatggaaacgactgat
clone ISO19B26 1 ————==—= catgcaagtcaatggggaaacggt--gct-t-gc--accgcgataa---ccatggcggacgggtgagtaacgcgtaaagaacttgecctcttagtctgggataa-cagatggaaacgactgat
clonenkEl2-14 14 gcttaacacatgcaagtcaatggggaaacggt--gct-t-gc--accgtgataa---ccatggcggacgggtgagtaacgcgtaaagaacttgcctcttagtctgggataa-cagatggaaacgactgat
clone FP036 38 gcttaacacatgcaagtcaatggggaaacggt--gct-t-gc--accgtgataa---ccatggcggacgggtgagtaacgcgtaaagaacttgectcttagtctgggataa-cagatggaaacgactgat
L.buccalisT 31 gcttaacacatgcaagtctttggcraatctg-——----- t-gcttgcacagcctagc-c-aaggcggacgggtgagtaacgcgtaaagaacttgccctgcagacagggataa-cagacggaaacgactgat
L.hofstadiiT 38 gcttaacacatgcaagtctttggcgaatctg-——-—--- t-gcttgcacaggctagc-c-aaggcggacgggtgagtaacgcgtaaagaacttgccctgcagacagggataa-cagacggaaacgactgac
L.shahiiT 38 gcttaacacatgcaagtctttg-—-——--- gcgaagct-gcgcttgcgcagacgagc-c-aaggcggacgggtgagtaacgcgtaaggaacttgececctgcagacagggataa-cagacggaaacgactgac
L.trevisaniiT 39 gcttaacacatgcaagtctttg--—-—---- gcgaagctgt-gcttgcacagacgagc-c-aaggcggacgggtgagtaacgcgtaaggaacttgccccgcagacagggataa-cagacggaaacgactgat
L.wadeiiT 38 gcttaacacatgcaagtctttg-—-——--- gcgaagctgt-gcttgcacagcctagc-c-aaggcggacgggtgagtaacgcgtaagggacttgececctgcagtcagggataa-cagacggaaacgactgat
L.goodfellowiiT 38 gcttaacacatgcaagtcgatgg-ggaagaattaact-t-gttaatttggtaac---c-atggcggacgggtgagtaacgcgtaaagaacttacctttcagactgggataa-cagagggaaacttctgat
"L.amnionii" 1462 gcttaacacatgcaagtctatg--aggaagtttagct-t-gc-taaatggact----c-atggcggacgggtgagtaacgcgtaaagaacttgccctttagactgggataa-cagggggaaacttctgat
S.sanguinegensT 27 gcttaacacatgcaagtcgatg------ atgggagct-a-gcttgc-tagaagaagtc-atggcggacgggtgagtaacgtgtaaagaacttaccatatagactgggataa-cagagggaaacttctgat
S.termitidisT 47 gcttaacacatgcaagtcgatg------ agaagaccc-t-tcggggagagggtat--c-atggcggacgggtgagtaacgcgtaaagaacttgccatatggacagggataaccgat-ggaaacgacggat

S.moniliformisT 163 aatactagatattattagtagtaggcatctac-tat-t-aatgaaaggagagatt--gctaagagagagctttgcatcctattagectagttggtggggtaaaggecctaccaaggctatgataggtageeg
Amplicon 121 aagactagatattattaaagtttcgcatgaag-ctt-t-aatgaaaagaga---t--gctaagagagagctttgcgtcctattagttagttggtgaggtaacggctcaccaagacgaagataggtagceg
clone nE22-31 134 aagactagatattattaaagcttcgcatgaag-ctt-t-aatgaaaagaga---t--gctaagagagagctttgcgtcctattagttagttggtgaggtaacggctcaccaagacgaagataggtagecg
clone ISO19B26 113 aagactagatattattaaagctttgcatgaag-ctt-t-aatgaaaagaga---t--gctaagagagagctttgcgtcctattagttagttggtgaggtaacggctcaccaagacgaagataggtagecg
clone nE12-14 134 aaaactagatattattaaagtttcgcatgaag-ctt-t-aatgaaaagaga---t--gctaagagagagctttgcgtcctattagttagttggtgaggtaacggctcaccaagacgaagataggtagecg
clone FP036 158 aaaactagatattattaaagcttcgcatgaag-ctt-t-aatgaaaagaga---t--gctaagagagagctttgcgtcctattagttagttggtgaggtaacggctcaccaagacgaagataggtagecg

t

t

c

L.buccalisT 150 aatacctgatayaattgccagcacgcatgtgc-ccg-gcaatgaaaagtga---t-- gctgcaggagagctttgcgtcctattagecttgttggtgaggtaanggctcaccaaggcgatgataggtageecg
L.hofstadii T 157 aacacctgatacagttgccggcacgcatgtge-ccg-gcaatgaaaagaga---t-- gctgcgggagagctttgegtectattagettgttggecggggtaacggecccaccaaggcgatgataggtageeg
L.shahiiT 157 aagacctgatacagttgccggcacgcatgtgcctgg-c-gatgaaaggaga---c—- gctgcaggagagccttgcgtectattagecttgttggcggggtaatggecccaccaaggcgatgataggtagecg
L.trevisaniiT 158 aaracctggtgttgtcaggctgacgcatgtca-ggc-t-gatgaaaggaga---c--gctgcgggagagccttgecgtcecctattagettgttggtgaggtaacggecccaccaaggecgatgataggtageeg
L.wadeiiT 157 aaaacctgataaagtcaggcggactcatgtcc-agcct-gatgaaaag-—-—-gaat-—-gctgcaggagagccttgcgtcctattagettgttggtggggtaacggcccaccaaggcgatgataggtagecg
L.goodfellowiiT 160 aagaccggatataattaattgattgcatgaga-gat-t-aatgaaaagaga---t--gctgaaagagagctttgcgtcctattagectagttggtaaggtaatggcttaccaaggcgatgataggtagecg
"L.amnionii" 1343 aatactggata-agttagtatatcgcatgata-tgc-a-aatgaaa-gctacggc--actaaaggagagctttgecgtcctattagectagttggtaaggtaagagecttaccaaggcgatgataggtagecg

S.sanguinegensT 146 aatactggata-agttagtagta-gcat-tac-taagt-aatgaaaggtagcaatacgctatatgagagctttgcatcctattagctagttggtggggtaaaagecctaccaaggcgatgataggtageeg
S.termitidisT 165 aagacctgatataatgaattaatggcatcatt-gat-t-catgaaaag---caat--gccatatgagagctttgcgtcctattagectagttggtagtgtaacggacaaccaaggcgatgataggnagecg

S.moniliformisT 288 gcccgagagg-tgaacggccacaaggggactgagatacggcccttact
Amplicon 243 gtctgagaggatgaacggccacaaggggactgagatacggcccttact
clone nE22-31 256 gtctgagaggatgaacggccacaaggggactgagatacggcccttact
clone ISO19B26 235 gtctgagaggatgaacggccacaaggggactgagatacggcccttact
clone nE12-14 256 gtctgagaggatgaacggccacaaggggactgagatacggcccttact
clone FP0361 280 gtctgagaggatgaacggccacaaggggactgagatacggcccttact

L.buccalisT 273 gcctgagagggtgaacggccacaaggggactgagatacggeccttact
L.hofstadiiT 280 gcctgagagggtgaacggccacaaggggactgagatacggcccttact
L.shahiiT 280 gcctgagagggtggacggccacaaggggactgagatacggcccttact
L.trevisaniiT 280 gcctgagagggtgaacggccacaaggggactgagatacggecccttact
L.wadeiiT 280 gcctgagagggtggacggccacaaggggactgagatacggcccttact
L.goodfellowiiT 282 gcctgagagggtggacggccacaaggggactgagatacggcccttact
"L.amnionii" 1220 gcctgagagggtggacggccacaaggggactgagatacggcccttact

S.sanguinegensT 271 gcctgagagggtggacggccacaaggggactgagatacggcecccttact
S.termitidisT 287 gcctgagagggtggacggccacaaggggactgagatacggcccttact
R-PRIMER 1 tgagatacggcccttact
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Fig. 2. Alignment of the 16S rDNA base sequences of S. moniliformis, its closest relatives and the amplicon obtained by S. moniliformis PCR.
: sequence sites specific for S. moniliformis and thus likely suitable for development of specific probe(s).; consensus sequences in green; Bfal:
restriction enzym sequence CTAG in red.
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