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FIG. 4. ERIC-PCR. (A) Representative gel electrophoresis of ERIC-PCR. Lanes 1 to 3, pattern E4H (strains ATCC 49882 [Houston-1] and
NU4714); lanes 4 and 5, pattern E4M (strains BH4 and Marseille); lanes 6 and 7, pattern E2 (strains HC61 and NU4428); lanes 8 and 9, patterns
E3a and -b, respectively (strains HC35 and HC60); lanes 10 and 11, pattern E1 (strains HC62 and RMC1); lanes 12 and 13, pattern ES (strains
RMC3 and RMCY7); lanes 14 and 15, pattern E6 (strain RMC2 duplicate); lanes 16 and 17, pattern E7 (strains RMC11 and RMC4); lanes M1 and
M2, molecular size markers. (B) Dendrogram. B. quintana and B. vinsonii patterns are quite distinct from all others (not shown in panel A) and
are included in a merged reconstructed dendrogram. The dendrogram reflects the similarity of distribution of ERIC priming sites and is derived
from gels (including that shown in panel A), all of which included B. henselae and the two molecular size markers and were analyzed identically.
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FIG. 5. Eagl-Hhal IRS-PCR. Lane 1, negative control; lane 2,
NU4713; lane 3, HC61; lane 4, BH2; lane 5, R1073; lane 6, Marseille;
lane 7, ATCC 49882 (Houston-1); lane 8, NU4714; lane 9, ATCC
49793; lane 10, HC35; lane 11, HC60; lane M, pGEM marker (Pro-
mega) (molecular sizes are given along the right border).

number of point mutations. AP-PCR patterns among human
isolates all agreed with the glt4 type (mostly Houston-1), and
correlation with gltA type was also high among feline isolates
(25 of 31). The ERIC method clearly differentiated Houston
and Marseille types within the E4 cluster, which again corre-
lated with both glt4 and AP-PCR type for all human isolates
and all but one feline isolate (HC69). The extra band proposed
as a marker of the Houston-1 type for the Eagl-Hhal IRS-PCR
method (13) was detected only for a local Sydney isolate and
for ATCC 49793. It was not present in the Houston-1 isolate
we have, nor in the Berlin-1 isolate, previously shown to be
indistinguishable from H-1 by pulsed-field gel electrophoresis
analysis (2). We therefore believe that Eagl-Hhal IRS-PCR
and the (M13) AP-PCR are of limited value as genotyping
tools.

Plasmids have not been described for B. henselae, and the
extent of horizontal gene transfer is unknown. Bacteriophage
particles have been associated with B. henselae and B. bacilli-
formis (1), and phage-mediated virulence acquisition is an ap-
pealing explanation. All isolates were positive by PCR for the
papA gene, but productive bacteriophage infection was not
tested for and it is not known whether other bacteriophage-
related elements are present in every genome. Imperfect link-
ing of distinct 16S rDNA and gltA alleles is consistent with the
suggestion that recombination events may have occurred in the
B. henselae Houston-1 genome (S. Anderson, unpublished
data) and results in many feline and one human isolate falling
into different types depending on the choice of sequencing
target. Acquisition of specific virulence-encoding regions
might well result in lowered tolerance of reduplication and/or
recombination events and thus be reflected in limited diversity.
In that case, we might predict a similar disequilibrium in other
housekeeper genes (e.g., 7ibC) to that which we have shown for
gltA and 16S rDNA, particularly in feline strains.

Even greater discordance is evident with DNA fingerprint-
ing methods, although we believe that human isolates in Aus-
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tralia are reliably distinguished by ERIC from most feline
isolates. It is also predictable that variations in DNA finger-
printing patterns of various types would be greater in feline
isolates, as reported herein and previously. It seems that nei-
ther ERIC nor Eagl-Hhal IRS-PCR can reliably separate se-
rotypes or genotypes and that all such typing schemes and
relationships based upon them need careful reevaluation.

We know that phase variation induced by serial passage in
vitro may be accompanied by important alterations in pheno-
type (3), but the extent to which this affects genotype is ill-
defined. It is possible that infecting clones undergo character-
istic rearrangements under selection pressure in humans, but
this would also sit poorly with the finding of a minority of
similar strains in cats. Our data nevertheless suggest several
hypotheses for testing: firstly, that detailed surveys elsewhere
would show similar clustering among proven human patho-
gens; secondly, that those feline isolates which are similar to
the human group may be intrinsically more pathogenic in hu-
mans; thirdly, that intra- and/or intergenomic genetic transfer
occurs in vivo; and finally, that the discordant inheritance seen
in this study will be seen for other genes. Preliminary studies in
this laboratory have already confirmed the last to be true for
groEL and ftsZ (unpublished data). It is likely that such dis-
cordance reflects an ability to exchange DNA between strains
(and perhaps species) during coinfection, a situation which one
would predict is more common in cats. The significance of the
16S type is therefore as uncertain as that of any other highly
conserved genes of apparently limited allelic type, but the need
for a more comprehensive study of multiple loci within a con-
text such as multilocus sequence typing is clear.
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