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Abstract

trol sera.

Cyno-infections.

Purpose: Capnocytophaga canimorsus (Cani) and Capnocytophaga cynodegmi (Cyno) are found in the oral cavities

of dogs and cats. They can be transmitted to humans via licks or bites and cause wound infections as well as severe
systemic infections. Cani is considered to be more pathogenic than Cyno, but the pathophysiological mechanisms are
not elucidated. Cani has been suggested to be resistant to serum bactericidal effects. Thus, we hypothesized that the
more invasive Cani would exhibit a higher degree of serum-resistance than the less pathogenic Cyno.

Methods: Whole blood and serum bactericidal assays were performed against Cani- (n = 8) and Cyno-strains

(n = 15) isolated from blood and wound-specimens, respectively. Analysis of complement-function was performed
by heat-inactivation, EGTA-treatment and by using C1g-depleted serum. Serum and whole blood were collected from
healthy individuals and from patients (n = 3) with a history of sepsis caused by Cani.

Results: Both Cani and Cyno were equally susceptible to human whole blood and serum. Cani was preferentially

killed by the classical pathway of the complement-system whereas Cyno was killed by a partly different mechanism.
Serum from 2/3 Cani-infected patients were deficient in MBL-activity but still exhibited the same killing effect as con-

Conclusion: Both Cani and Cyno were readily killed by human whole blood and serum in a complement-dependent
way. Thus, it is not likely that serum bactericidal capacity is the key determinant for the clinical outcome in Cani or

Keywords: Capnocytophaga canimorsus, Capnocytophaga cynodegmi, Serum killing assay, Whole blood killing assay,
Classical pathway, Alternative pathway, Complement system, Mannose binding lectin deficiency

Background

The gram negative bacteria Capnocytophaga canimorsus
(Cani) and Capnocytophaga cynodegmi (Cyno) consti-
tute a significant part of the oral flora of dogs and cats
(Suzuki et al. 2010). Cani was first described in 1976 and
originally named dysgonic fermenter 2 (DF-2) (Bobo and
Newton 1976). In the same report a ‘DF-2 like” bacteria,
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mainly associated with wound infections, was described.
Later, DF2 was named Capnocytophaga canimorsus
(‘canimorsus’ is latin for ‘dogbite’) and “DF-2 like” Capno-
cytophaga cynodegmi (‘cynodegmi’ is greek for ‘dogbite’)
(Brenner et al. 1989). Cani can cause severe infections,
including sepsis, meningitis or endocarditis, after con-
tact with dogs or cats (Oehler et al. 2009). The clinical
picture is characterized by a rapid onset a few days after
animal contact, often with a fulminant course (Oehler
et al. 2009) and sometimes with neurological sequelae
(Gasch et al. 2009). In contrast to Cani, Cyno is not as
well described, but the general notion is that Cyno mainly
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is found in wound infections and rarely cause invasive
infections. Most Cani-strains are susceptible to empirical
treatment with ampicillin together with clavulanic acid
(Oehler et al. 2009; Butler 2015).

The diagnostic microbiology is notoriously difficult,
mainly due to the fastidious nature and slow growth
on standard agar media. Cani and Cyno are facultative
anaerobic bacteria that grow best on blood and hema-
tin agar plates. In addition, the presence of 5-10 % CO,
and 48 h of incubation is needed for efficient growth and
for typical colony morphology. After 18—-24 h of incuba-
tion on blood agar plates, colonies are small (<0.5 mm)
and may be irregular in shape. After 48 h, the colonies
become visible (1-3 mm) and can vary in size and shape,
within the same isolate or species. In gram staining, the
bacteria are thin and fusiform with pointed ends (Bren-
ner et al. 1989). Traditional methods require several days
for diagnosis, but the introduction of novel methods,
such as MALDI-TOFE, in clinical bacteriology has signifi-
cantly shortened the time to diagnosis (Zangenah et al.
2012).

Patient with congenital or acquired asplenia or with a
dysfunctional spleen, alcoholics and elderly people con-
stitute risk groups for severe Cani infections (Shahani
and Khardori 2014; Ugai et al. 2014). However, there are
only a few reports on Cani pathogenesis. For example,
Cani has been shown to block the release of proinflam-
matory cytokines from monocytes (Shin et al. 2007).
Recently, it was shown that Cani has a deglycosylation
system that degrades exposed sugars on human IgG and
on epithelial cell surfaces (Renzi et al. 2011). Finally, Cani
has been described to be ‘serum resistant’ to 10 % New
Zealand rabbit serum (Butler et al. 1985) and to normal
human serum (Shin et al. 2009), but Cani has also been
shown to be sensitive to normal human serum (Hicklin
et al. 1987). Thus, the interactions between Cani and the
immune system are not completely understood but it is
possible that one or several of the described immune eva-
sive features could contribute to the high virulence previ-
ously reported for infections with Cani.

In contrast to Cani, there is very limited knowledge on
the role of human immunity in Cyno-infections. Cyno
is more often reported in the case of wound infections
and there is only two reports on invasive Cyno-infection
(Khawari et al. 2005; Sarma and Mohanty 2001), whereas
there are many case reports on invasive Cani-infections.
Thus, if serum survival is a key virulence trait of Cani, it
should be more resistant in serum than the presumably
less virulent Cyno. To answer this question, we used a
collection of clinical isolates of Cani and Cyno collected
at the Karolinska University Laboratory between 2007
and 2010 and used traditional whole blood and serum
bactericidal assays. The role of the complement system
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was dissected by the use of heat inactivation, calcium
chelation and Clq-depleted sera. In addition, sera from
patients deficient in mannose binding lectin (MBL-)
activity were used. Finally, sera from patients with a pre-
vious history of sepsis with Cani were used in an attempt
to elucidate pathophysiological mechanisms.

Methods

Reagents

Blood and hematin agar plates and phosphate buffered
saline were manufactured by the Substrate Unit at Karo-
linska University Hospital, Stockholm, Sweden, which is
accredited by SWEDAC (Swedish Board for Accredita-
tion and Conformity Assessment).

Collection of human serum

Venipuncture tubes without anticoagulants were used to
obtain serum. Serum was aliquoted and stored in —80°
until use in experiments. Sera from n = 7 healthy vol-
unteers were pooled and constituted the “pooled serum”
used in this study (ethical approval 2000/360/00, Stock-
holm Board of Ethics for Medical Research). The pooled
serum was analyzed by Clinical Immunology, Karolinska
University Laboratory, Stockholm, Sweden for comple-
ment activity and levels of immunoglobulins. Normal
values were found for all analyzed parameters, includ-
ing the alternative pathway (118 %), the classical pathway
(97 %) and the lectin pathway (39 %), C3 (1.17 g/L), C4
(0.21 g/L) as well as IgG (12.7 g/L) and IgM (1.09 g/L).
Additional sera from n = 12 additional healthy volun-
teers were collected and tested individually. Heat inac-
tivated serum (HIS) was obtained by heating at 56 °C
for 30 min, which inactivated the complement system.
Pooled serum was treated with 10 mM EGTA-MgCl to
inhibit the Ca’-dependent classical pathway and the lec-
tin pathway (Abdullah et al. 2005). C1q-depleted serum
was purchased from Millipore/Calbiochem, USA. The
sera from mannose binding lectin (MBL) deficient
patients were collected as part of another study (Berg-
man et al. 2012) under the ethical approval 2009/1678-
31/4 (Stockholm Board of Ethics for Medical Research).
Sera from patients with a previous history of Cani-sepsis
were collected as part of the FUNGEN-study (ethical
approval 2011/116-31/4, unpublished). Written informed
consent was obtained from all patients.

Bacterial strains

A total of 23 clinical strains were included in the study
and they have been extensively characterized in a previous
study (Zangenah et al. 2012). Eight strains of C. canimorsus
were isolated from blood cultures and fifteen strains of C.
cynodegmi were isolated from wound specimens. In addi-
tion, the reference strains ATCC 35978 (C. canimorsus,
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blood isolate), ATCC 49045 (C. cynodegmi, wound isolate)
were used as controls. To validate the system of serum
killing we obtained two Salmonella strains from the LT2-
background; SL3769 (rfaG-mutant, serum sensitive) and
SL3770 (parent strain, serum resistant) (Roantree et al.
1977). These strains were generously provided by professor
Mikael Rhen, Karolinska Institutet. All strains were kept in
glycerol stocks in —80 °C freezer, thawed and cultured for
1-2 days on blood agar plates prior to experiments.

Serum bactericidal assay and whole blood bactericidal
assay

The strains of Cani and Cyno were cultured on blood
agar plates and incubated in 37 °C, at 5 % CO, for 1 day.
The strains did not grow in liquid broth and thus bacte-
rial colonies were harvested directly from agar plates
and suspended in 3 ml phosphate-buffered saline (PBS),
pH 7.4 to optical density 0.2—-0.4 (determined by A600),
which corresponded to approximately 1 x 107 to 1 x 10°
CFU/ml. The stock solution was further diluted for the
various experiments.

The bactericidal assay was performed in two ways: (1)
end-over-end assay using 1 ml total volume in Eppendorf
tubes or (2) in the 96 microtiter well format using 100 pl
total volume. The large volume was used for pooled sera
and the small format was used for patient material with
limited amounts. Serum was diluted in PBS prior to
experiments.

For whole blood bactericidal assay, freshly drawn hep-
arinized blood from healthy volunteers was used. For the
assay, 900 pl of blood and 100 pl (1-5 x 10° CFU/ml)
bacteria-PBS suspensions were mixed in Eppendorf tubes
and incubated at 37 °C in an end-over-end tube rotator,
6 rpm for 90 min. A viable count for each tube was per-
formed by serial dilutions and plating of 10 pl in dupli-
cates. Cani and Cyno were plated on blood agar plates
and incubated in 37 °C, at 5 % CO, for at least 2 days.

Results

Human serum kills Cani and Cyno in a time

and concentration-dependent way

To test the hypothesis that Cani would survive better in
human serum than Cyno, the ATCC reference strains
and clinical isolates of Cani and Cyno were studied in a
classical serum killing assay. Notably, all Cani- and Cyno-
strains were rapidly killed by normal human serum from a
healthy volunteer (90 % serum concentration, Fig. 1a, b).
Already after 15 min, a distinct reduction was observed
for both Cani and Cyno (1-3 log reduction for the Cani
isolates and 4-6 log reduction for the Cyno isolates).
Notably, after 60 min, no visible growth could be detected,
except for the Cani reference strain, where a 3 log reduc-
tion was recorded (lowest level of detection 1000 CFU/ml,
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Fig. 1a, b). Surviving colonies were retested in the same
serum killing assay and a complete reduction of bacte-
rial growth was observed, thus ruling out the selection of
serum resistant mutants (data not shown).

Next, we tested different concentrations of human
serum (5-90 %). A small reduction of bacterial counts
occurred at 5 and 10 % serum concentrations, whereas a
significant killing effect was observed at 20, 50 and 90 %
serum concentrations (Fig. 1c). As controls for the system
the Salmonella strain SL3769, known to be ‘serum sensi-
tive’ and Salmonella strain SL3770, known to be ‘serum
resistant’ were used (Roantree et al. 1977). Importantly,
strain SL3770 was not killed by serum at any concentra-
tion tested, whereas strain SL3769 was rapidly killed by
human serum. Notably, Cani and Cyno appeared to fol-
low the killing pattern of SL3769, thus supporting the
notion that Cani and Cyno are susceptible to the bacteri-
cidal activity of human serum (Fig. 1c).

Clinical isolates of Cani and Cyno are killed by human
whole blood and serum

To rule out the possibility that the ATCC reference
strains were different than clinical strains, we also inves-
tigated our collection of clinical isolates of Cani and
Cyno (described in Zangenah et al. 2012). Most strains
were readily killed by human whole blood and serum in
a similar way as described for the ATCC-strains (~3 log
reduction). Notably, there was some minor variation and
a few strains produced viable colonies after 90 min of
incubation together with human serum or whole blood
(2.94-2.99 log reduction). Thus, there was some variabil-
ity in the fraction of surviving bacteria in different clini-
cal isolates. However, since the reduction of most strains
was close to 3 log reduction (from an inocula of 10° CFU/
ml), we conclude that both the reference-strains (n = 2)
and a collection of clinical isolates (n = 23) are suscepti-
ble to human serum.

Human sera from 12 healthy volunteers are active

against Cani and Cyno

To rule out inter-volunteer variation we recruited 12
healthy individuals (6 males and 6 females) who donated
serum for our experiments. Importantly, sera from all
individuals resulted in 2.91-3.00 log reduction of bacte-
rial counts of Cani and Cyno, respectively.

The magnitude of serum killing is reduced by large inocula
Next, we tested the role of various inocula in the serum
killing assay. To mimic previous reports where Cani has
been found to be serum resistant, we used 10 % serum
concentration and 180 min of incubation (Shin et al. 2009).
The magnitude of the serum killing effect was significantly
reduced when large inocula (108-10° CFU/ml, circles)
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Fig. 1 a, b Time-dependent bactericidal effect of serum against Cani and Cyno (90 % normal human serum was used). € Concentration-dependent
bactericidal effect of normal human serum (NHS) against Cani, Cyno, the serum-sensitive Salmonella strain SL3769 and the serum-resistant Salmo-
nella strain SL3770. Experiments were performed three times in duplicate; incubation time 3 h, the lowest level of detection was 1000 CFU/ml. Error

90%

were used, whereas a 1-2 log reduction was observed for
lower inocula (Fig. 2a—c, squares and triangles).

Serum killing of Cani and Cyno is mediated via the classical
pathway of the complement system

To study whether complement was involved in the kill-
ing of Cani and Cyno, human serum was heat inactivated
in 56 °C for 30 min. Notably, this treatment completely

abrogated the killing effect against both Cani and Cyno,
suggesting complement dependent killing mechanisms
(data not shown). To further dissect the killing mecha-
nism of human serum we used EGTA, which is often
used to block the classical pathway of the complement
system (Kochi and Johnson 1988). Indeed, this treatment
completely inactivated the classical (0 %) and the lectin
pathways (0 %), whereas the alternative pathway was
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Fig. 2 Effect of inoculum size on serum killing activity against Cani (a), Cyno (b) and a serum sensitive Salmonella strain (SL3769). The serum con-
centration was 10 % and the time of incubation was 180 min. Experiments were performed three times in duplicate, lowest level of detection was
1000 CFU/m. Error bars designate standard error of the mean (SEM). Student’s t test was used to test for statistical significance. NHS normal human
serum. Circles, squares and triangles designate large, medium and low inocula, respectively

unaffected. Consequently, we added EGTA to the sera,
which resulted in a significantly impaired killing effect
against Cani (~60 % surviving bacteria) and Cyno (~25 %
surviving bacteria). Notably, EGTA-treatment affected
the killing of Cani to a larger extent than for Cyno, sug-
gesting that Cani and Cyno are killed via different com-
plement mediated pathways (Fig. 3).

To further study the role of the classical pathway, we
obtained Clq-depleted serum. This serum was not effec-
tive against Cani and exhibited an impaired killing capac-
ity against Cyno (Fig. 3). In fact, increased growth was
observed for Cani (~125 % surviving bacteria), whereas
a significant killing activity against Cyno still was evi-
dent (~40 % surviving bacteria). This was in contrast to
EGTA-treatment, which resulted in a significant reduc-
tion of bacterial growth for both Cani and Cyno (Fig. 3).

To specifically investigate the involvement of the lec-
tin pathway, we used sera from patients with mannose
binding lectin (MBL) deficiency (0—3 %, reference 100 %).
All patients exhibited potent killing activity against Cani
and Cyno (Fig. 4). Notably, one patient had a slightly
impaired killing capacity, but in addition to MBL-defi-
ciency this patient had a decreased function in the classi-
cal pathway (3 %) as determined by the clinical laboratory
(Fig. 4, arrow). Combined with results from EGTA/

Clg-experiments, these data suggest that the classical
pathway contributes significantly to the killing of Cani
and that Cyno is killed via partly different mechanisms,
possibly via the alternative complement pathway.

Sera from patients with a previous history of Cani-sepsis
have intact serum bactericidal activity and normal levels

of immunoglobulins but have signs of MBL-deficiency
Finally, whole blood and sera from patients with a recent
history of sepsis with Cani was tested against the autolo-
gous Cani-strain (the strain originally isolated from the
patient’s blood) and against another clinical Cani-isolate.
Notably, all 3 patients exhibited full bactericidal activity
for whole blood and serum against both the autologous
strain and against the other clinical Cani-isolate. In fact,
no viable bacteria were present after 90 min incubation in
20 % serum (~5 log reduction for all strains, lowest level
of detection 103> CFU/ml, data not shown). A detailed
clinical and immunological workup was performed for
these patients (Table 1). There was no obvious immuno-
deficiency present that could explain why these particular
individuals experienced a severe Cani-infection. How-
ever, they were above 50 years of age, which have been
described as a risk factor in previous reports (Lion et al.
1996). One patient had a possible overconsumption of
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Fig. 3 Effect of EGTA-treatment and C1g-depleted serum on
bactericidal activity against Cani (a) and Cyno (b). Experiments were
performed 3 times in duplicate, the serum concentration was 20 %,
lowest level of detection 1000 cfu and the time of incubation was
90 min. Error bars designate the standard error of the mean (SEM).
Student’s t test was used to test for statistical significance. NHS nor-
mal human serum

alcohol, and another patient was on iron supplementa-
tion; both circumstances are considered as risk factors
for Cani-infections (Lion et al. 1996). In addition, 2 out of
3 patients were deficient in the MBL-pathway, which was
interesting but did not explain their infectious suscepti-
bility against Cani (Table 1).

Discussion

Statement of principal findings

Here we show that Cani and Cyno are readily killed by
human serum in a time and concentration dependent
way. This effect was dependent on complement activ-
ity since heat inactivation, EGTA and Clqg-depletion
impaired killing. Interestingly, Cani was more dependent
on the classical pathway compared with Cyno, suggesting
a possibly differential effect of the complement system
against these bacteria. Further, experiments on patients
with MBL-deficiency did not support a role for the lec-
tin pathway in the killing of Cani and Cyno. Finally, we
investigated sera from three patients with a history of

significant killing activity against Cani and Cyno, except patient P1
(arrow), which in addition to MBL-deficiency, had a reduced activity in
the classical pathway. Inoculum was 1 x 10° CFU/m, the lowest level
of detection was 1000 CFU/ml, the serum concentration was 50 %
and the time of incubation was 90 min

Table 1 Clinical history for the patients with a history
of sepsis with C. canimorsus. MBL. mannose binding lectin

Patient 1 Patient 2 Patient 3
Age 60 66 72
Sex M M F
Animal Dog Dog Dog
Type of contact ~ Minor wound Minor wound Minor wound
Wound-infection No No No
Sepsis Yes Yes Yes
Time to hospital 36 h Unknown 3 days

Clinical history ~ Age. Alcohol  Age. Iron supplementa- Age. Smoking
tion

Sequelae No Balance-problems, Fatigue
fatigue

I9G 12.29/1 5.82 g/l 9.2g/l

IgA 336 9/l 1.09 g/l 2.76 g/l

IgM 0.98 g/I 1.8 g/l 0.82 g/l

Classical 103 % 95 % 107 %

Alternative 95 % 66 % 115 %

MBL 0% 1% 100 %

sepsis with Cani and found their sera to have normal
complement activity as well as normal killing capacity
against Cani.

Importantly, our observations are in contrast to studies
in the literature where Cani has been shown to be com-
pletely resistant to human serum (Shin et al. 2009). The
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mechanism of serum resistance has been attributed to a
putative glycosyltransferase, which affects the LPS-struc-
ture (Shin et al. 2009). Since our results are different from
previous data we have tried to understand the reason for
this discrepancy in detail.

There are several reasons why our results differ

from previous reports

First, we have studied a collection of clinical isolates
collected directly from clinical specimens of blood and
wounds, respectively. The collection contains 23 strains
and is extensively characterized with regards to diag-
nostic aspects (biochemistry, 16S rRNA sequencing and
MALDI-TOF) (Zangenah et al. 2012). In addition, we
have performed whole genome sequencing of all iso-
lates, which have confirmed their identity and phylogeny
(Zangenah et al., unpublished). Second, we have elabo-
rated the serum bactericidal assay procedure in detail,
including dependence of time, serum concentration and
inoculum size. In fact, we show that there is a possible
saturation effect with very large inocula (10%-10° CFU/
ml). This is an unusual finding since it has been shown
for E. coli that a high inoculum (10'° CFU) was equally
well killed as a 6 log lower inoculum (10* CFU) (Olling
1977). 1t is possible that this saturation effect could con-
tribute to the observation of serum resistance in previous
papers, where high inocula (107 and 10® CFU/ml) have
been used (Shin et al. 2007, 2009). Another aspect is the
role of serum concentration in serum bactericidal assays.
It has been suggested that too low serum concentration
depletes the complement system of key components that
may be diluted, i.e. the stoichiometry of key comple-
ment factors can be disturbed if too low concentrations
are used, with a potential risk of having false negative
results (Schreiber et al. 1979). In fact, the alternative
pathway was disturbed when human serum was diluted
1:16 (Schreiber et al. 1979) and the activity of guinea pig
serum was abrogated when used in concentrations lower
than 10 % (Clas and Loos 1980). We have used 20 %
serum for most of the experiments, and 10 % for some
parts of the study. Previous reports have mainly used
10 % serum, which possibly could have played a role in
previous observations of ‘the serum resistant’ phenotype.
In fact, our results indicate that 10 % may be too diluted
serum to exert significant killing against Cani and Cyno
(Fig. 1c). However, at the more physiological concentra-
tion of 20 % serum there is a significant reduction of both
Cani and Cyno, which suggest that both these species are
indeed to be described as ‘serum sensitive. At least, it is
fair to state that Cani and Cyno are significantly more
sensitive to serum than truly “serum resistant strains’,
such as Salmonella SL3770 (Fig. 1c) and Streptococ-
cus pyogenes (data not shown). Finally, we have studied
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n = 12 different individuals to evaluate a possible role of
inter-individual variation and all sera tested resulted in
2.94-3 log reduction of all tested strains. Even though
not complete killing was observed for all strains or sera
tested, our data do not support the notion that Cani and
Cyno should be described as ‘serum resistant’ bacteria.

Nevertheless, several concerns against our results

may be raised

First, could our assay conditions have rendered the bac-
teria falsely serum sensitive? We do acknowledge that the
assay conditions are crucial for correct results. Also in our
hands the results varied depending on which method that
was used. Importantly, the methods used here (end-over-
end rotation or 96 well microtiter plate) gave robust and
reproducible results, again corroborating the important
role of serum in the killing of these bacteria. Second, we
have used the well described Salmonella strain SL3770,
which is known to be serum resistant. This strain was
completely resistant to serum mediated killing up to 90 %
serum concentration (Fig. 1c). Importantly, both Cani
and Cyno followed approximately the same killing kinet-
ics as the serum susceptible Salmonella strain SL3769,
which further indicates that Cani and Cyno should be
considered as ‘serum-sensitive. The Salmonella strain
SL3769 has a mutation in a glycosyl transferase encoded
by the gene rfaG, which lead to increased susceptibility
to a number of antibiotics and to killing by human serum
(Roantree et al. 1977). Finally, an additional problem could
be that bacteria were scraped off the plates and not grown
to mid logarithmic phase prior to experiments. This is a
valid point of criticism since mid-logarithmic phase bac-
teria are considered to be a gold standard in antimicrobial
assays. Bacteria that are scraped off from plates constitute
a mixture between growing, dead and dormant bacte-
ria (stationary phase) and are thus not perfect for use in
antimicrobial assays. However, Cani and Cyno are very
difficult to grow in broth and we could not obtain mid
log phase broths for our experiments. Therefore, we used
the second best approach, i.e. scraping bacteria off plates,
which probably have the net effect that bacteria appear
to be less resistant against various antimicrobial agents,
including complement deposition. Dividing bacteria in
mid log phase are considered to be more susceptible to
killing by both antibiotics (Lewis 2007) and antimicro-
bial peptides (Kristian et al. 2007). This is important since
it has been shown for E. coli that susceptible strains can
appear to be completely refractory to serum bactericidal
effects if bacteria are harvested before the onset of the
exponential phase (Davis and Wedgwood 1965). Thus, it
is possible that such circumstances could be part of the
explanation for why previous reports have concluded that
Cani has a serum resistant phenotype.
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What do these results mean?

We can conclude that Cani and Cyno indeed are sensi-
tive to human serum. This is potentially important since
it is well described that individuals with various degrees
of immunodeficiency are more susceptible to infections
with Cani (Lion et al. 1996). For example, patients with
splenectomy, alcoholism, complement deficiency or
various cancers have been described with severe forms
of Cani-infections. However, the precise mechanisms
behind this increased susceptibility have not been clari-
fied. In addition, approximately half of patients with
invasive Cani-infection have no defined immunosup-
pressive disorder. Here we had the possibility to perform
clinical and laboratory investigations of three patients
with a history of Cani sepsis. The clinical picture was
similar: a contact with the house hold dog resulted in
an innocuous wound, for which they did not seek medi-
cal assistance initially. However, after 2—3 days a sudden
onset of fever, chills and malaise occurred. This resulted
in medical emergency visits, sometimes requiring an
ambulance. In the emergency room, ‘sepsis of unknown
cause’ was diagnosed and empirical treatment with intra-
venous cephalosporins resulted in a rapid recovery. After
5-7 days, an answer came from the clinical bacteriology
department with a positive blood culture of Cani. All had
normal activity of the classical and alternative comple-
ment pathways, but 2/3 patients had a deficiency in the
MBL-pathway. Notably, all 3 patients’ sera killed their
autologous strain of Cani. Thus, the explanation for their
susceptibility to this bacterium has not been clarified but
an involvement of opsonization and uptake of phagocytic
cells cannot be ruled out.

Unanswered questions and future research

Combined, our results imply that whole blood and serum
rapidly kills these bacteria. Since our approach includes
many clinical strains, a large number of healthy volun-
teers, patients with MBL-deficiency as well as patients
with a history of Cani-sepsis, we are confident to con-
clude that both Cani and Cyno are indeed sensitive to
human whole blood and serum.

The current results could be important for the increas-
ing group of immunocompromised patients in hospi-
tals and society. Notably, in Sweden there are 1 million
dogs and many patients spend time with their house hold
dogs after cancer treatment or transplantation. It is well
known that the complement system may be impaired
after transplantation, which could have a profound
impact on these types of infections. Thus, a detailed
understanding of immunity against Cani and Cyno could
direct therapeutic or prophylactic strategies in the immu-
nocompromised host, including transplanted or cancer
patients.
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