
Introduction
Infection by Pasteurellaceae frequently occurs in 
mice and rats and bacterial strains isolated are of-
ten designated mouse and rat strains respectively. 
Mouse and rat Pasteurellaceae have been found to 
differ in phenotypic characteristics such as hemag-
glutinating activity (Boot et al., 1993) and antigenic 
make up (Nakagawa & Saito, 1984; Boot et al., 
1994/96). Mouse and rat Pasteurellaceae and have 
been reported to belong to different genetic lineages 
(Hayashimoto et al., 2006; Sasaki et al., 2006a-b, 
2009). Such data support the widely accepted con-
cept of host specificity of Pasteurellaceae infection 
(Kilian & Frederiksen, 1981; Bojesen et al., 2007). 

Mouse Pasteurellaceae have however been found 
capable of infecting rats and vice versa (Nakagawa 
et al., 1981; Boot et al., 1994).
To bridge these conflicting findings one might spec-
ulate that although mice and rats can get infected by 
each other’s Pasteurellaceae, the non-host adapted 
strain may be replaced by a host-adapted and better 
fitting strain if exposed to one such.   
To evaluate this supposition we sequentially infect-
ed rats with a mouse P. pneumotropica and a rat P. 
pneumotropica respectively and monitored the pres-
ence of each strain by a strain-specific polymerase 
chain reaction (PCR) analysis. 
We found that the mouse P. pneumotropica coloniz-
ing the rats was almost fully replaced by the subse-
quently infecting rat P. pneumotropica.

Materials and Methods
Bacterial strains
We used the mouse P. pneumotropica biotype Jawetz 
strain NCTC 8141T  and the rat P. pneumotropica 
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biotype Heyl strain SSI P331. 
Strain NCTC 8141T is positive by PCR using the 
biotype Jawetz specific primer set as described by 
Wang et al. (1996). Strain SSI P331 is PCR positive 
using the biotype Heyl specific primer set developed 
by Kodjo et al. (1999). 
We therefore designated the bacteria Ppn-M (W+) 
and Ppn-R (K+) respectively.
Both strains are able to colonize the rat upper respi-
ratory tract (Boot et al., 1994).
Bacterial suspensions used for experimental infec-
tion were prepared as previously described (Boot et 
al., 1994) and standardized at about 105 – 106 cfu/ml 
using nephelometry.

Animals  
Three to 4-weeks old female random bred Rivm: 
CpbWU rats were used.
They were obtained from a strictly barrier-main-
tained SPF colony, which had no evidence of Pas-
teurellaceae infection by serology, culture and PCR, 
nor of other (potentially) pathogenic rodent viruses, 
bacteria (including Mycoplasma) or parasites listed 

in the FELASA recommendations for the monitor-
ing of rodent colonies.
A pelleted diet for rodents (SRM-Hope Farms BV, 
Woerden NL) was fed ad libitum and tap water was 
available ad libitum.
Rats were intranasally and orally given 0.05 and 
0.1 ml respectively of a bacterial suspension un-
der KRA anesthesia [Ketamine (Alfasan, Woerden, 
The Netherlands) 90 mg/kg intraperitoneally (i.p.), 
Rompun (Bayer AG, Leverkusen, Germany) 10 mg/
kg i.p., atropine (Vetinex Animal Health, Bladel, 
The Netherlands) 0.05 mg /kg i.p. 

Experimental design
At Day 0 9 rats (group A) were dosed with the Ppn-
M strain and 6 rats (group B) with the Ppn-R strain 
respectively (Table 1). Rats of group A and B were 
separately housed 3 per type III macrolon cage. 
At Day 21 post infection 6 groups were formed each 
comprising a Ppn-M dosed rat and a Ppn-R dosed 
counterpart.  The remaining 3 Ppn-M dosed rats 
were kept as controls to confirm persistent coloni-
zation of the mouse bacterium in rats. 

Table 1. PCR on samples from rats experimentally infected by [P.] pneumotropica.

		  mouth		  mouth			   trachea	 all samples
		  _________	 _______________	 _______	 ____________
infected*	 PCR	 7	 10	 21	 28	 35	 35	 7-10	 21-35
___________	 ____ 	 ___	 ___	 ___	 ___	 ___	 ___	 ____	 _____
Ppn-M (W+)	 W#	 2/4	 4/4      /	 4/6	 4/6	 1/6	 0/6	 6/8	  9/24
	 K	 0/4	 0/4      /	 6/6	 6/6	 5/6	 6/6	 0/8	 23/24

Ppn-R (K+)	 W	 0/4	 0/4      /	 0/6	 0/6	 0/6	 0/6	 0/8	  0/24
	 K 	 3/4	 4/4      /	 6/6	 6/6	 4/6	 5/6	 7/8	 21/24
---------------------  	 --------------	 ----	 ----	 ----	 ----	 ----	 -------
Ppn-M (W+)	 W	 2/2	 2/2      /	 3/3	 3/3	 3/3	 3/3	 4/4	 12/12
	 K	 0/2	 0/2      /	 0/3	 0/3	 0/3	 0/3	 0/4	  0/12
_____________________________________________________________________________

* infection at D0 with either mouse [P.] pneumotropica biotype Jawetz strain NCTC 8141T  or rat 
[P.] pneumotropica biotype Heyl strain SSI P331, positive by PCR using a biotype Jawetz specific primer 
set or a biotype Heyl specific primer set, respectively. #  PCR results (pos/tested) obtained using both primer 
sets. 
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Bacteriological examination
At 7 and 10 days post inoculation 4 rats of both 
groups A and B were tested for colonization by the 
bacteria given. Individual samples were obtained by 
flushing the mouth with 0.1 µl PBS pH 7.2 without 
anaesthesia. Samples were tested by PCR using the 
primer sets as described by Wang et al. (1996) and 
Kodjo et al. (1999). 
At Day 21, Day 28 and Day 35 (end of study) all rats 
were individually sampled using mouth flushings 
without anaesthesia. At Day 35 all rats were sacri-
ficed under KRA anaesthesia, examined for gross 
respiratory tract lesions and examined for both P. 
pneumotropica biotypes by culture and PCR using 
both primer sets as described (Boot et al., 2009). 
Serology and histology were not performed. 
Sensitivity of the PCR methods using both primer 
sets was evaluated with serially diluted DNA lysates 
as described (Boot et al., 2009) and found to range 
from 1 to 10 pg.

Statistics
Differences in the number of PCR positive animals 
were evaluated by Fisher’s exact test.

Results
At 7 and 10 days post infection, PCR only detected 
Ppn-M (W+) and Ppn-R (K+) in mouth flushings of 
rats dosed with the respective bacteria (Table 1). 
In the 6 groups formed at Day 21 by housing one 
Ppn-M dosed rat with a Ppn-R dosed counterpart, 
the number of rats found infected by the mouse 
bacterial strain gradually diminished, whereas the 
number of rats found infected by the rat bacterial 
strain gradually increased. 
The remaining 3 Ppn-M dosed rats remained PCR 
positive for the mouse bacterium confirming per-
sistent colonization.
Samples from Ppn-M dosed control rats were sig-
nificantly more often positive by PCR using Wang’s 
primer set than samples from rats exposed to Ppn-R 
rats (Fisher’s exact test p=0.005).
In Ppn-M dosed rats exposure to Ppn-R counter-
parts led to a significant reduction in the number of 

samples positive by PCR using Wang’s primer set 
(Fisher’s exact test p=0.022).

Discussion
Pasteurellaceae frequently show host specificity 
(Kilian & Frederiksen, 1981; Bojesen et al., 2007). 
Pasteurellaceae of different types seems to prefer 
mice and rats, respectively, and mouse and rat P. 
pneumotropica may therefore be designated Ppn-M 
and Ppn-R respectively.
In the present study we found that a Ppn-M strain 
was able of colonizing rats, confirming earlier ob-
servations that mice and rats can be reciprocally 
infected with each others P. pneumotropica strains 
(Nakagawa et al., 1981; Boot et al., 1994). 
Colonization of SPF rodents by foreign bacterial 
strains may partly be due to their abnormal micro-
bial ecology as a result of rederivation, which in-
evitably leads to loss of the indigenous flora (Boot, 
Koopman & Kunstyr, 1993).
We now show that a Ppn-M strain, which is foreign 
to rats is almost fully replaced by a secondary in-
fection of a Ppn-R strain (Table 1). Various mech-
anisms have been speculated to play a role in the 
between-strain competition (Hibbing et al., 2009). 
None of these have been the subject of study in ro-
dent Pasteurellaceae.
Colonization of bacteria, including Pasteurellaceae, 
in the upper respiratory tract is often mediated by 
fimbriae or other adhesive mechanisms (Beachy 
1981; Dagmara & Czuprynski, 2009). We detect-
ed fimbriae both on Ppn-M and Ppn-R strains but 
also other adhesive mechanisms may be important 
as Ppn-M strains were hemagglutinating but Ppn-
R strains were not (Boot et al., 1993). It might be 
speculated that adhesion factors of the Ppn-R strain 
fit better with rat mucosal and /or cellular receptors 
than the Ppn-M strain does.
The fact that a secondary infection by the Ppn-R 
strain was accompanied by disappearance of the pri-
mary infecting Ppn-M strain from most rats (Table 
1) supports the contradictory results from mutual 
infection studies in mice and rats (Nakagawa et al., 
1981; Boot et al., 1994) on the one hand and host 
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association differences in bacteriological charac-
teristics (for instance hemagglutinating activity) of 
Ppn-M and Ppn-R strains on the other hand. 
It seems unlikely that a Ppn-M strain gains Ppn-
R characteristics upon colonization of rats as that 
would involve mutation of numerous genes. In pre-
vious studies Ppn-M strains were found to ferment 
trehalose, but Ppn-R were not. Reciprocal infec-
tion did not lead to changes in trehalose fermenting 
properties (unpublished).
We studied hemagglutination and trehalose fermen-
tation on Pasteurellaceae strains, notably P. pneu-
motropica obtained from 1948 to about 1970. Most 
of our bacterial strains likely originate from conven-
tional rodent colonies as the first publication on the 
production of Specified Pathogen Free (SPF) mice 
appeared in 1962 (Foster, 1962) and it took several 
years to replace conventional animals by SPF coun-
terparts in biomedical research. 
Contemporary mice and rats usually originate 
from rederived barrier-maintained breeding colo-
nies, which are often, free from P. pneumotropica 
infection, but not necessarily free from other Pas-
teurellaceae. Their use is often under less stringent 
hygienic conditions and P. pneumotropica is com-
monly present in experimental colonies in academia 
(Pritchett-Corning et al., 2009).
Studies have sought possible associations between 
phenotypic properties of rodent P. pneumotropica 
and their host (Nagakawa & Saito 1984; Boot et 
al., 1993; 1994). Recent studies focussed on pos-
sible genetic differences beween mouse and rat Pas-
teurellaceae strains. Some studies showed indeed 
associations beween bacteriological charactersistic 
and host species (Hayashimoto et al., 2006; Sasaki 
et al., 2006a & 2009). Others found no association 
or reported bacterial clones that were shared by 
mice and rats (Sasaki et al., 2006a & 2009). 
Unfortunately none of the studies gave details 
about the animal colonies from which the bacteria 
were obtained. So it remains unclear whether mice 
and rats were conventional or of SPF quality and 
whether mice and rats were housed within the same 
microbiological unit. 

We studied V-factor dependent Pasteurellaceae 
(Haemophilus spp) from SPF guinea pigs and rats 
by API NH and FAME profiling and found that 66% 
and 76% of the guinea pig and rat Haemophilus 
strains, respectively, belonged to shared API-FAME 
types. The remaining strains were of types unique 
to either guinea pig (12 types) or rat (9 types). The 
bacterial strains were from breeding and experimen-
tal colonies kept according to host species (Boot, 
2008).
Pasteurellaceae, mostly classified as P. pneumo-
tropica have been reported from various rodent 
species including gerbils, hamsters and mastomys. 
Mutual infections are possible and a primary infect-
ing bacterial strain may be out competed by a subse-
quent better fit invader. Therefore a Pasteurellaceae 
strain isolated from a SPF rat is not necessarily a 
‘rat-pasteurella’, etc. 
Our results question the suitability of Pasteurel-
laceae from contemporary laboratory animals to 
elucidate associations between bacterial properties 
and host species. It seems more reasonable to use 
bacterial strains obtained from for instance wild 
trapped rodents. 
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