
Beyond Campylobacter jejuni: Understanding
Campylobacter coli infections in a systemic model

of disease
Lisa M Harrison*

Office of Applied Research and Safety Assessment; Center for Food Safety and Applied Nutrition; Food and Drug Administration; Laurel, MD USA

In this issue of Virulence, the authors of
the article entitled “Virulence genes and
cytokine profile in systemic murine Cam-
pylobacter coli infection” utilized a mouse
model in order to explore the pathogenic
mechanisms and cytokine responses
involved in Campylobacter coli (C. coli)
systemic infections.1 The clinical isolate
C. coli 26536 was first analyzed for the
presence of known virulence genes by
polymerase chain reaction, and then these
genes were sequenced before and after C.
coli 26536 infection of Balb/c mice to
ensure that these genes were stable. C. coli
26536 were found to persist in the liver
and the spleen of the Balb/c mice for at
least 8 days, with greater persistence in the
liver. The observed cytokine profiles in
the plasma and liver of infected mice were
clearly different, demonstrating differen-
ces between the systemic and local inflam-
matory responses. This study is the first to
focus on clarifying some of the mecha-
nisms involved in the pathogenesis of sys-
temic. C. coli infections that can occur in
immunocompromised individuals.

Campylobacter continues to cause the
greatest number of confirmed foodborne
bacterial infections in developed countries,
and the incidence of infections caused by
Campylobacter has increased from 2008 to
2012.2,3 Campylobacter are gram negative,
curved, microaerophilic bacteria that can
be transmitted to humans through con-
sumption or handling of contaminated
poultry, which are the reservoir for
most human campylobacteriosis cases.2

Infection with Campylobacter usually
results in gastroenteritis, including watery
or bloody diarrhea, cramps, and fever,
depending on the virulence of the bacte-
rial strain and host susceptibility.4 Cam-
pylobacter infections can also result in
extra-intestinal manifestations including,
but not limited to bacteremia, Guillain-
Barre syndrome, reactive arthritis, sepsis,
or meningitis in immunocompromised
individuals.4 According to the Centers for
Disease Control and Prevention, the
most commonly identified causes of cam-
pylobacteriosis are C. jejuni and C. coli.3

The most common causes of bacteremia
are C. jejuni, C. coli, and C. fetus, how-
ever other emerging Campylobacter spp.
have also been identified as causes of
both gastrointestinal and extra-intestinal
diseases.4,5

As most studies involving Campylobac-
ter pathogenesis have focused on C. jejuni,
there is little known about the pathogenic
mechanisms of less prevalent Campylobac-
ter spp, such as C. coli. It has been
reported that C. coli are able to invade the
human intestinal epithelial cell lines T84
and Caco-2, as well as transcytose a polar-
ized T84 monolayer, suggesting that they
can cross the gut epithelium to cause sys-
temic disease in susceptible individuals.6–9

Klancnik et al. have begun to try to
understand the mechanisms by which C.
coli affect the host during a systemic infec-
tion, which is not common, but can result
in a 10–15% mortality rate in immuno-
compromised individuals.10,11

Ongoing research continues to add to
our knowledge base of Campylobacter, and
different strains can be categorized based
on the presence or absence of specific
genes, allowing us to determine how these
pathogens might cause illnesses and how
we can prevent them from causing disease.
Since Campylobacter are genetically
diverse, it is important to confirm the
presence of known virulence factors in dif-
ferent strains as they are introduced to var-
ious experimental conditions. Klancnik
et al. demonstrated that C. coli 26536 sta-
bly expressed the known virulence factors
cadF, virB11, cdtB, and ceuE, whether
they were detected after being grown from
¡80�C frozen stocks or isolated from liv-
ers of intravenously infected mice. In
addition to confirming which virulence
genes were present in C. coli 26536, the
authors took advantage of a mouse model
of systemic infection to observe the spread
and persistence of this clinical isolate in
the liver and spleen. C. coli 26536 CFU in
the liver peaked on day 1 post-infection,
and gradually decreased over 8 days,
which is similar to what the authors
reported previously in mice infected with
C. jejuni.12 In contrast, bacterial numbers
in the spleen gradually increased from day
1 to day 8 post infection, but not to the
levels present in the liver. The authors
mention a possible role for macrophages
in acting as a reservoir for Campylobacter
survival. Although the authors report that
hematoxylin/eosin staining in the liver
and spleen reveals inflammatory infiltrate,

This article not subject to US copyright law.
*Corresponding author: Lisa M Harrison; Email: lisa.plemons@fda.hhs.gov
Submitted: 06/03/2015; Revised: 06/03/2015; Accepted: 06/05/2015
http://dx.doi.org/10.1080/21505594.2015.1060397

This is an Open Access article distributed under the terms of the Creative Commons Attribution-Non-Commercial License (http://creativecommons.org/licenses/
by-nc/3.0/), which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited. The
moral rights of the named author(s) have been asserted.

www.tandfonline.com 537Virulence

Virulence 6:6, 537--538; August/September 2015; Published with license by Taylor & Francis Group, LLC
EDITORIAL

http://creativecommons.org/licenses/by-nc/3.0/
http://creativecommons.org/licenses/by-nc/3.0/
http://creativecommons.org/licenses/by-nc/3.0/


it would be interesting to see a study that
focuses on the role of macrophages in this
mouse model of systemic Campylobacter
infection, including macrophage phagocy-
tosis, activation, and survival.

Analysis of cytokine profiles can be
very informative when trying to determine
how the host and pathogen are interact-
ing, especially when they can be correlated
with bacterial persistence and clearance.
While examining cytokine production in
the plasma and liver of infected mice com-
pared to controls, Klancvik et al. found
differing cytokine profiles. In the plasma
of infected mice, only IL-12 and IFN-g
levels were significantly greater than con-
trols on days 8 and 3, respectively. In the
liver, TNF-a was significantly induced on
day 1 and subsequently continued to
decrease on days 3 and 8. At the same
time, significant levels of IL-10 were pro-
duced in the liver on day 1 and increased
thru day 8. After TNF-a induction on
day 1, bacterial numbers in the liver began
to decrease over time as the levels of IL-10
increased, even though IL-10 is an anti-
inflammatory cytokine. In similar experi-
ments with C. jejuni, Klancvik et al. also
observed significant TNF-a production in
the livers of infected mice, with the grad-
ual decrease over 8 days, but unlike the
results in the current article, IL-10 levels
decreased and IFN-g increased over
time.12 The authors attribute the early

and increasing IL-10 phenomenon to the
healing process involved in the resolution
of C. coli infections, which may be neces-
sary due to the persistent nature of this
particular strain. As the current data pro-
vide a glimpse of the complex interactions
between a susceptible host and C. coli,
additional experiments studying a more
extensive cytokine profile could help in
understanding the dynamic mechanisms
involved in C. coli infections. Clearly, the
genetic diversity of Campylobacter spp.
can affect the host response in different
ways, and there is much more to explore
in terms of the different responses gener-
ated by the different species.

Finally, this article begins to address
some important areas that are affecting
the population with regard to foodborne
disease, and further substantiates the need
to continue these efforts. The first area
this article addresses is the potential
impact of other Campylobacter spp,
besides C. jejuni, on public health, and
the fact that their incidence in illnesses
may be severely underreported and under-
stood. If these other Campylobacter spp.
are not detected or identified as a cause for
gastrointestinal illnesses or extra-intestinal
illnesses, and their interactions with the
host are not understood, their emergence
could have a greater impact on public
health in the future in a manner similar to
the way non-O157 Shiga toxin-producing

Escherichia coli have emerged a significant
cause of foodborne illness. The second
issue that this article addresses is the
greater susceptibility to foodborne disease
in developed countries of a significant pro-
portion of the population as compared to
the general population. This susceptibility
is attributable to immunodeficiency, be it
age, immunosuppressive treatments,
genetic disorders, pregnancy, or other
immunosuppressing conditions.13 In these
populations, the dose of a particular food-
borne pathogen necessary to cause disease
is reduced and the severity of disease is
increased. While some research is being
conducted to investigate these susceptible
populations, more research is needed in
order to understand the great number of
immune deficiencies in different world
populations and its impact on the devel-
opment of guidance for the microbiolog-
ical safety of foods.
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