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Abstract
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Campylobacter jejuni is the leading bacterial cause of gastrointestinal diarrheal disease in
humans worldwide. This zoonotic pathogen has a complex epidemiology due to its presence
in many different host organisms. The overall aim of this thesis was to explore the role of
amoebae of the genus Acanthamoeba as an intermediate host and vector for survival and
dissemination of C. jejuni. Earlier studies have shown that C. jejuni can enter, survive and
replicate within Acanthamoebae spp. In this thesis, I have shown that C. jejuni actively
invades Acanthamoeba polyphaga. Once inside, C. jejuni could survive within the amoebae
by avoiding localization to degradative lysosomes. We also found that A. polyphaga could
protect C. jejuni in acid environments with pH levels far below the range in which the
bacterium normally survives. Furthermore, low pH triggered C. jejuni motility and invasion of
A. polyphaga. In an applied study I found that A. polyphaga also could increase the survival
of C. jejuni in milk and juice both at room temperature and at +4ºC, but not during heating to
recommended pasteurization temperatures. In the last study we found that forty environmental
C. jejuni isolates with low bacterial concentrations could be successfully enriched using the
Acanthamoeba-Campylobacter coculture (ACC) method. Molecular genetic analysis using
multilocus sequence typing (MLST) and sequencing of the flaA gene, showed no genetic
changes during coculture. The results of this thesis have increased our knowledge on the
mechanisms behind C. jejuni invasion and intracellular survival in amoebae of the genus
Acanthamoeba. By protecting C. jejuni from acid environments, Acanthamoebae could serve
as important reservoirs for C. jejuni e.g. during acid sanitation of chicken stables and possibly
as vectors during passage through the stomach of host animals. Furthermore, Acanthamoeba
spp. could serve as a vehicle and reservoir introducing and protecting C. jejuni in beverages
such as milk and juice. Validation of the ACC method suggests that it is robust and could be
used even in outbreak investigations where genetic fingerprints are compared between isolates.
In conclusion, Acanthamoeba spp. are good candidates for being natural hosts and vectors of
C. jejuni.
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”Inget är omöjligt. Det omöjliga tar bara lite längre tid.” 
Winston Churchill
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Introduction 

Campylobacter 
Campylobacter spp. are a leading cause of bacterial foodborne diarrheal 

disease both in industrialized countries and in the developing world, where it 
causes morbidity and mortality and accounts for significant healthcare costs 
(1-3). Campylobacter bacteria are small (0.2-0.8 μm x 0.5-5 μm) Gram neg-
ative curved rods with flagella at one or both ends of the cell (4). The Cam-
pylobacter genus includes approximately 18 species and subspecies (5-7), 
and most of them are microaerophilic and able to grow between 37 - 42˚C 
(4, 5). The most commonly isolated species from human cases of gastroen-
teritis are C. jejuni, C. coli and C. lari. However, C. jejuni is the single most 
common species constituting more than 90% of all human infections and the 
work in this thesis has focused on C. jejuni (8, 9).    

 C. jejuni 
C. jejuni is highly infectious and a leading cause of human bacterial gas-

troenteritis throughout the developed world (10, 11). It has a very low infec-
tive dose and as little as 500-800 colony forming units (CFU) have been 
shown to cause clinical infection in humans (12, 13). Molecular mechanisms 
behind the infection process are still not well understood, but flagella-
mediated motility (14), bacterial attachment to intestinal epithelial cells (15), 
invasive capability (16) and toxin production (17) have been identified as 
virulence factors (4, 18). Symptoms appear two to four days after ingestion 
and include fever, vomiting, headaches and watery or bloody diarrhea with 
abdominal pain (19). The disease is normally resolved within one week, but 
severe post infectious complications including reactive arthritis, Guillain- 
Barré-(GBS) and Miller Fischer (MFS) syndromes occasionally occur (8, 
20). The GBS is a form of paralysis that can result in respiratory and severe 
neurological dysfunction, sometimes leading to death (21), while MFS is 
characterized by ocular muscle defects (22).  

 Most patients recover from Campylobacter infections without any specif-
ic treatment other than replacing lost fluids and electrolytes. Some severe 
cases need antibiotic treatment but due to emerging antibiotic resistance in 
Campylobacter, antibiotics should be reserved for these cases (18, 23). The 
most common antibiotics used in the treatment of Campylobacter infections 
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are macrolides, such as erythromycin, and fluoroquinolones, such as ciprof-
loxacin (5, 24). Humans are infected by contaminated food, primarily under-
cooked chicken but also unchlorinated water and unpasteurized milk can 
contain Campylobacter (25). Recent studies have indicated that water is a 
more important risk factor for Campylobacter infection than previously 
thought. In the Nordic countries, contamination of drinking water and 
swimming in natural water sources has been identified as important risk 
factors for sporadic human campylobacteriosis (26-28). C. jejuni colonizes 
the intestinal tract of several warm-blooded animals including swine, cattle, 
sheep, companion animals and birds, where they can exist as a commensal 
organism without giving any symptoms (29). Wild birds have been found to 
be natural reservoirs of Campylobacter spp., (30-32) and are considered 
possible vectors for transmission of Campylobacter to poultry (33, 34). The 
transmission modes between hosts are poorly understood. The source of 
infection remains unknown for a large proportion of reported human cases, 
and the epidemiological pathways have not been fully elucidated, even for 
the contained environments of poultry stables (35).  

Poultry is recognized as the main source of human campylobacteriosis 
(36-38) and therefore reducing the levels of Campylobacter in poultry is an 
important step to decrease the number of human cases. Several hygiene prac-
tices have been implemented in broiler production facilities to reduce C. 
jejuni carriage in live birds. Such measures include hygiene barriers such as 
changing clothes before entering the broiler houses and disinfection of the 
interior of the building with acid between flock rotations (39, 40). These 
efforts may reduce the number of C. jejuni organisms, but the bacterium is 
still difficult to eradicate from contaminated farms, and subsequent out-
breaks at the same farm are not rare (41). A possible explanation for this 
eradication problem is the existence of an environmental reservoir that pro-
vides shelter for C. jejuni. 
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Fig.1 C. jejuni, with permission from Chris Pooley (Electron and Confocal Mi-
croscopy Laboratory, Agricultural Research Service, U. S. Department of Agri-
culture). 

 

 

C. jejuni and environmental stress 
Despite the high prevalence of C. jejuni in many animals, this bacterium 

is generally regarded as a fragile organism. Unlike other foodborne patho-
gens, C. jejuni is highly sensitive to environmental stresses including acidity, 
disinfectants, oxygen exposure, osmotic stress, desiccation and heating (42, 
43). Campylobacter jejuni grow optimally at pH 6.5-7.5 and cannot survive 
below a pH of 4.9 or  above 9.0 (18). The sensitive nature of C. jejuni ob-
served in vitro, stands in contrast to the fact that it is difficult to eradicate 
from the poultry production and that the bacterium is able to survive the 
acidic passage through the human stomach (fasting conditions pH ~2.0, but 
may range from 1.5 to 5.5 depending on food intake) to the lower intestinal 
tract, where infection is established (44, 45). This is illustrated by the very 
low infectious dose for both broiler chickens (46, 47) and humans (12, 13) 
and indicates that the bacterium has developed strategies to avoid or with-
stand low pH in order to survive the transit. C. jejuni are sensitive to temper-
ature changes, and below 30˚C they are incapable to grow. The fact that C. 
jejuni is both microaerophilic and has a narrow growth range, place severe 
restrictions on the ability of the organism to multiply outside an animal host. 
Consequently, it is not capable of multiplication in food during either pro-
cessing or storage and cannot survive pasteurization and adequate cooking 
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(42, 48). Like many other pathogens C. jejuni can enter a viable but non-
culturable (VBNC) state in response to stress. Bacteria in this state cannot be 
detected via conventional culturing methods (49). It has been questioned 
whether VBNC cells can survive until environmental conditions become 
more favorable for growth and cell division, or if the VBNC state is a stage 
on the way to irreversible cell death. Therefore, the role of the VBNC state 
in the survival and transmission of C. jejuni remains to be elucidated (50). 

 
Although C. jejuni is thought to account for as much as 400-500 million 

cases of gastroenteritis throughout the world every year (51), it is unclear 
how C. jejuni succeed to survive environmental conditions encountered dur-
ing transmission between hosts. In the light of this, attention has been paid to 
the potential role of an environmental vector and/or reservoir for this patho-
gen.  

C. jejuni detection and species identification 
There are many methods available for detection and species determination 

of Campylobacter spp. including direct plating, biochemical testing, micros-
copy as well as newer methods including Polymerase chain reaction (PCR), 
sequence based methods and matrix-assisted laser desorption ionisation-time 
of flight (MALDI-TOF) mass spectrometry (52-56). The source and the con-
dition of the sample are both of importance when selecting detection meth-
od. Typically, fecal samples from patients with acute campylobacteriosis 
contain large numbers of bacteria. At this stage of infection, direct plating on 
Campylobacter-selective agar plates is a convenient method used in most 
clinical laboratories. In contrast to fecal samples, isolation of Campylobacter 
from food or environmental water samples can be complicated since these 
samples often contain low numbers of bacteria as well as damaged cells. 
Therefore, detection of Campylobacter in non-clinical samples often in-
volves an enrichment step using broth media (Preston or Bolton) before plat-
ing (57, 58). The development of different PCR based assays, which are 
accurate, cost effective and relatively easy to use, are promising tools for 
subtyping Campylobacter spp. The atpA based species identification method 
by Miller et al is a god example of such a new method (59-61). Following 
species identification, C. jejuni can be further subtyped for phylogenetic 
analysis. Two widely used methods are Pulsefield gel electrophoresis 
(PFGE), and serotyping using the Penner serotyping scheme (62, 63). How-
ever, Penner serotyping is an expensive and complex method and is nowa-
days largely replaced by other methods (64). In recent years, multilocus se-
quence typing (MLST) has become the method of choice for phylogenetic 
analysis of C. jejuni. 
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Multilocus sequence typing (MLST)  

Campylobacter jejuni MLST measures sequence variation in seven loci 
distributed in house-keeping genes (essential genes) across the chromosome. 
The seven loci used for C. jejuni MLST are (protein products in parenthe-
ses): aspA (aspartase A), glnA (glutamine synthetase), gltA (citrate syn-
thase), glyA (serine hydroxymethyltransferase), pgm (phosphoglucomutase), 
tkt (transketolase) and uncA (ATP synthase alfa subunit) (65). Methodically, 
the nucleotide sequences (~500 bp) from each locus are amplified with PCR 
and the amplified products are purified and sequenced (65). The sequences 
are run through an international database, The Basic Local Alignment Search 
Tool (BLAST), (http://pubmlst.org/campylobacter/), where each sequence 
will generate an allelic number. The allelic profile composed of the seven 
loci is considered as a sequence type (ST). C. jejuni isolates with STs that 
share 4 or more alleles can be grouped into clonal complexes (CC), which 
demonstrate close genetic relationship (66, 67). 

Protozoa/Unicellular eukaryotes 
Molecular phylogenetic studies have increased the knowledge about evo-

lutionary relationships of eukaryotes and there are now different opinions on 
how unicellular eukaryotes should be taxonomically ordered (68) 
(www.dyntaxa.se, http://eol.org/). The classical scheme of Bütschli (1880-
1889), which grouped amoebae,  sporozoa,  flagellates and ciliates into pro-
tozoa, has been abandoned by protistologists for decades (68). However, the 
term protozoa is still frequently used in scientific articles as an umbrella 
term for a diverse group of single celled eukaryotic organisms. In this thesis 
I will use the term “protozoa” only when citing articles by others and instead 
use the term “unicellular eukaryotes”.  

Amoeba 
Free-living amoebae (FLA) are unicellular eukaryotes that are widely dis-

tributed in the environment and have been isolated from soil, air and water, 
including both natural and man-made water systems (69, 70). The majority 
of FLA are harmless, but there are some species that can cause disease in 
humans such as Entamoeba histolytica, Naegleria fowleri, Balamuthia man-
drillaris, Sappinia diploidea and several Acanthamoeba species that can 
cause life threatening disease. For their diverse roles in the ecosystems and 
their role in causing serious and sometimes fatal human infections, free-
living amoeba have gained increased attention from the scientific and the 
medical community (71). 
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Amoeba-Bacteria interactions 
The importance of amoebae-bacteria interactions was brought to attention 

by T.J. Rowbotham during the early 1980s. He found that Legionella pneu-
mophila, the causative organism of legionnaire´s disease, could colonize 
Acanthamoeba polyphaga, and that the bacteria benefited from the interac-
tion (72). Today it is well established that such interactions can constitute 
ways for the bacteria to survive in the environment. This is illustrated by the 
detection of L. pneumophila and some of its amoeba hosts in floating 
biofilms from anthropogenic and natural aquatic environments (73, 74). Le-
gionella spp. can survive and replicate within amoebal vacuoles, and they 
are also able to survive within the cyst form of amoebae (75-79). Cysts with 
Legionella can be transmitted by aerosols over great distances and Legionel-
la within amoebae has been proposed as the dominant mode of transmission 
to humans rather than free Legionella (72, 80). Other bacteria that can inter-
act with amoebae include Listeria monocytogenes, Mycobacterium avium, 
and many gastrointestinal pathogens such as Vibrio cholera, Helicobacter 
pylori, Salmonella spp., Shigella sonnei and Campylobacter spp. (81-90). In 
many cases where interactions between amoebae and  pathogenic bacteria 
have been demonstrated, the amoeba is believed to be the natural host (91). 
Most of the described interactions between bacteria and amoebae issue intra-
cellular survival of the bacteria, but there are an increasing number of studies 
demonstrating that bacteria are able to replicate within the amoeba (80, 82, 
89, 92, 93). By evolving mechanisms to survive within different species of 
amoebae (or other unicellular eukaryotes), bacteria may not only escape the 
threat of being preyed upon, but could also benefit from protection from 
unfavorable conditions outside the host.   

Acanthamoeba 
The most common FLA are Acanthamoeba spp. which can be found in a 

very wide variety of environments including seawater, fresh water lakes, 
public tap- and bottled water, ventilation systems, soil, sand, dust, air, chlo-
rinated swimming pools, lens cleaning solutions and hospital equipment (71, 
94). More than 24 different Acanthamoeba spp. have been identified, of 
which the majority have been associated with human infections. They have 
been isolated from different parts of the body, including human skin lesions, 
cornea and lung tissue. Acanthamoeba castellanii and A. polyphaga are the 
most commonly isolated species causing human infections. They are known 
to cause two different diseases: granulomatous amoebic encephalitis, most 
often diagnosed in immunocompromised hosts, and amoebic keratitis. Kera-
titis is a rare infection of the eye, and it primarily affects otherwise healthy 
contact lens wearers, with the risk of degradation of vision, and in rare cases 
even blindness (94, 95).  
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Acanthamoebae have two stages in its life cycle; a vegetative trophozoite 
stage and a resistant cyst stage. The trophozoites are in the size range of 12-
35 μm (Figure 2), while cysts are smaller (5-20 μm), spherical and equipped 
with a double cell wall. The transformation from trophozoites to cysts is a 
response to harsh conditions (96). The double-walled cyst is highly resistant 
to chlorination, antimicrobials and disinfectants, as well as to changes in pH 
and osmolarity (97). Moreover, it has been shown that cysts can survive 
transient heating even up to 95˚C (98) and temperatures below 10˚C (99). 
When the environmental conditions are favorable, an amoeba in the cyst 
form can reverse to its trophozoite stage (100). Acanthamoeba spp. can col-
onize biofilms where they normally prey on different microorganisms such 
as algae, yeast or bacteria. Acanthapodia, extended parts of their cell mem-
brane, are used for prey capturing but also for surface attachment and cellu-
lar movements (94). Captured prey are taken up by endocytosis and directed 
to food vacuoles where the amoeba releases digestive enzymes to degrade 
the food (96). Several studies have described that some bacteria are able to 
avoid degradation within different amoebae and establish a symbiotic rela-
tionship with the organism, especially with protozoa of the genus Acan-
thamoeba (80). There are several shared functions and similarities between 
the amoebal cells and human phagocytic cells that make Acanthamoeba spe-
cies attractive as a model organism in protistology and in interaction studies 
with pathogenic bacteria (71, 101). In this thesis, species of the genus Acan-
thamoebae were used for amoeba-bacteria interaction studies. 

 
 

 

 

Fig.2 A. polyphaga trophozoite. 
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Intracellular trafficking pathways in Acanthamoeba 
Many bacterial species are taken up via phagocytosis and are used as food 

source by Acanthamoeba (71, 102). Bacteria, yeasts and latex beads have 
been used to study the phagocytic process (102, 103).The studies show that 
yeast and Escherichia coli K12 adhere to a mannose binding protein (MBP) 
on the Acanthamoeba surface (104, 105). The adherence to the Acanthamoe-
ba surface and the following invagination of the Acanthamoeba plasma 
membrane is an actin dependent process (104). Once inside the Acan-
thamoeba, phagosomes containing yeast or E.coli K12 are acidified and 
eventually degraded. Latex beads cannot be degraded but are instead exocy-
tosed upon presentation of new beads on the Acanthamoeba surface (96). 

Some bacterial species can escape the intracellular killing mechanisms, 
and survive and even multiply inside the Acanthamoeba (Figure 3). Bacterial 
multiplication can lead to lysis of the Acanthamoeba, and released bacteria 
can infect new Acanthamoeba or spread to infect other hosts. For a few bac-
teria, the strategies to evade lysosomal killing in Acanthamoeba have been 
studied (106). The human pathogens L. pneumophila, and Mycobacterium 
avium survive within amoebae by their ability to inhibit fusion of the phago-
some with lysosomes, whereas Burkholderia cepacia survives within acidic 
vacuoles that are distinct from the lysosomal compartment (82, 107, 108). 
The intra protozoan fate of the bacteria might even differ within a bacterial 
species, as for Escherichia coli. The virulent serotypes E. coli O157 (109), 
E. coli K1 O187 (110, 111) and E. coli K5 (111) are able to invade and mul-
tiply within Acanthamoeba spp. whereas the avirulent laboratory strain K-
12, HB101, is phagocytosed and killed (110, 111). Both  L. pneumophila and 
M. avium are known to use a similar survival strategy in Acanthamoeba cas-
tellanii as in human macrophages (82, 107, 112, 113).  

Different bacteria show different mechanisms for: (i) bacterial entrance of 
the Acanthamoeba (ii) their intracellular survival and (iii) the escape form 
the Acanthamoeba (101). These events can also be affected by bacterial via-
bility. For L. pneumophila, viability was shown to affect the level of phago-
some-lysosome fusion. The level of fusion increased for formalin-treated an 
UV- killed L. pneumophila compared to viable L. pneumophila, suggesting 
an active process from the bacterial point of view. On the other hand, viabil-
ity had no effect on the uptake of L. pneumophila into Acanthamoeba as 
both viable and non-viable bacteria were taken up by coiling phagocytosis 
(107), suggesting that the uptake process is more dependent on amoebal 
activity. Mapping out the entrance mechanism and the following intracellu-
lar faith of a pathogenic bacterium open up for the possibility of blocking the 
bacteria-amoebae interaction, and thereby removing the amoebae as a safe 
haven for the pathogen. Studying intracellular trafficking pathways of bacte-
ria in amoebae can also lead to valuable insights into the infection process in 
human cells.  
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Fig.3 Intracellular trafficking pathways for bacteria in Acanthamoeba, with 
permission from (106). 
 

Unicellular eukaryotes as reservoir for Campylobacter 
In 1988, a study by King et al showed that C. jejuni within the amoeba A. 

castellanii and the ciliate Tetrahymena pyriformis obtained protection from 
free chlorine residuals. The increased resistance was presumed  to be due to 
survival within protozoan cells (114). In 2005, our research group demon-
strated that C. jejuni was able to survive and multiply within A. polyphaga 
(88). This observation was confirmed with the related species A. castellanii 
as well as in the ciliate T. pyriformis (87). Later on, Snelling et al reported 
that C. jejuni internalized within A. castellanii were able to colonize broilers 
(115). In our group, we have studied a number of different Campylobacter 
spp. (C. jejuni, C. lari, C. coli and C. hyointestinalis) in coculture with dif-
ferent unicellular eukaryotes (Naegleria americana, Hartmanella vermiform-
is, A. polyphaga, A. rhysodes, A. castellanii and T. pyriformis). Prolonged 
survival was generally observed in cocultures, compared to Campylobacter 
incubated in media alone (90). The knowledge about C. jejuni survival and 
replication within A. polyphaga led to the Acanthamoeba-Campylobacter 
coculture method (ACC) (89).  
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The ACC – method 
The ACC (Acanthamoeba-Campylobacter coculture) method (Figure 4) 

was presented in 2007 as a novel method to isolate and enrich low concen-
trations of Campylobacter spp. (89). Four strains relevant to human infection 
and colonization of livestock, C. jejuni, C. coli, C. lari, and C. hyointesti-
nalis, were effectively enriched by the method. The method is based on the 
intracellular survival and replication of Campylobacter spp. in the amoeba A. 
polyphaga. Basically, samples suspected to contain Campylobacter are seed-
ed in peptone-yeast-glucose (PYG) medium containing A. polyphaga troph-
ozoites and incubated aerobically at 37°C for 24 h. During incubation, the 
Campylobacter cells enter and proliferate at a high rate inside the amoebae. 
Transferring a small volume of the cocultured sample to a blood agar plate, 
combined with additional microaerobic incubation for 24 h, results in a large 
number of Campylobacter colonies for detection and further characteriza-
tion. The method has shown to perform excellently with inoculum contain-
ing as little as 1-10 bacteria, and even in a background of competing flora. 
Isolation of C. jejuni from environmental samples can sometimes be difficult 
with conventional culture methods. Such samples normally contain a high 
microbiological flora and growth of other bacteria could outcompete low 
densities of C. jejuni cells. Filtering of generous amounts of water and a 
following enrichment step is usually required to detect C. jejuni. This is la-
bor intensive and can generate false negative results. Detection with poly-
merase chain reaction (PCR) is usually more sensitive but has the draw-back 
that bacterial isolates are not available for further studies and the method 
does not discriminate between viable and dead C. jejuni.  

 With its sensitivity and selectivity, the ACC method is a promising tool 
to detect C. jejuni and other thermotolerant Campylobacter cells at concen-
trations far below the detection limit of blood agar culture. The sensitivity 
and selectivity of the ACC method was equal to, or even better than Preston 
broth and Campylobacter Enrichment Broth (89). 
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Fig.4 Description of the ACC–method, with the permission from (89). 
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Aims 

 To investigate if Acanthamoeba spp. can protect C. jejuni in acidic 
environments and to study the effect of low pH on C. jejuni associa-
tion with A. polyphaga. 
 

 To investigate if A. polyphaga can protect C. jejuni in milk and or-
ange juice at different temperatures. 
 

 To investigate the mechanisms behind the uptake and intracellular 
survival of C. jejuni in A. polyphaga  
 

 To investigate if C. jejuni maintain genetic stability during enrich-
ment in  A. polyphaga 
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Methods 

Bacterial and amoebic cultures (Paper I-IV) 
Three Acanthamoeba species, A. polyphaga (strain Linc Ap-1, kindly 

provided by Bernard La Scola, Université de la Méditerranée, Marseille, 
France), A. castellanii, and A. rhysodes  (Both  originally isolated from Swe-
dish patients with keratitis and kindly provided by J. Winiecka-Krusnell, 
Swedish Institute for Infectious Disease Control (SMI), Sweden), were used 
in Paper I. In Paper II-IV the A. polyphaga strain Linc Ap-1was used. C. 
jejuni strain CCUG 11284 was used in Paper I-II, and strain 81-176 was 
used in Paper III. C. jejuni strain CCUG 11284 and 40 MLST-characterized 
wild bird- or food animal associated C. jejuni strains from previously pub-
lished studies, chosen to represent C. jejuni from diverse sources (116-118), 
were used in Paper IV. Acanthamoeba spp. were maintained in peptone-
yeast-glucose (PYG) medium at 27°C. For the experiments, Acanthamoeba 
spp. in PYG medium were seeded into 12-well (Paper I, II, IV) or  24-well 
culture plates (Paper III) and incubated at 27°C until the trophozoites 
formed confluent layers at the bottom of the wells. Culture plates with con-
fluent Acanthamoeba layers were inoculated with C. jejuni into each well. 

Bacterial strains were stored at -80°C. Before each experiment, bacteria 
were grown on conventional blood agar plates at 42°C for 20-24 h in a micro 
aerobic environment using GasPak incubation containers (Beckton Dickin-
son (BD), Franklin Lakes, NJ) and CampyGen paper sachets (Oxoid, Ba-
singstoke, United Kingdom). Bacterial cells were harvested and diluted in 
PYG medium to create stock solutions suitable for each individual experi-
ment. 

Coincubation of C. jejuni with Acanthamoeba spp. in 
acidic environments or in beverages (Paper I, II)  

In Paper I acidification and adjustment of media (water and PBS) to dif-
ferent pH levels (pH 1, 2, 4 and 5) was done using hydrochloric acid (HCl). 
To test whether the presence of amoebae in the acidified medium influenced 
the survival of C. jejuni at different pH, the following three treatments were 
used: C. jejuni preincubated with A. polyphaga before acidification of the 
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medium (treatment A), C. jejuni added to A. polyphaga after acidification of 
the medium (treatment B), and C. jejuni in acidified medium without A. 
polyphaga (treatment C). Plates were incubated in an aerobic environment at 
32˚C and sampled at 0, 5, and 20 h. The pH level of the fluid in each well 
was continuously measured during the experiment. In Paper II the C. jejuni 
survival was studied in two beverage products, milk (pH 6.4) and orange 
juice (pH 3.9), in the presence or absence of A. polyphaga. To test whether 
the presence of amoeba in milk and juice influenced the survival of C. jejuni, 
the following three treatments were used: C. jejuni preincubated with A. 
polyphaga before the addition of product (treatment A), C. jejuni added to A. 
polyphaga after the addition of product (treatment B), and C. jejuni in prod-
uct without A. polyphaga (treatment C). Plates were incubated in an aerobic 
environment at room temperature and 4˚C and sampled at 0, 3, 6, 18, 24 and 
48 h. All samples were 10-fold serially diluted in PYG medium and spread 
on blood agar for colony counting. Controls without amoeba, only C. jejuni, 
were treated in the same way as cocultures.   

Pasteurization of C. jejuni cells co-incubated with A. polyphaga 
in milk and orange juice (Paper II) 

To test whether the presence of amoeba in milk and juice, influenced the 
survival of C. jejuni when heated to recommended Swedish pasteurization 
temperatures, the following three treatments were used: C. jejuni preincubat-
ed with A. polyphaga before the addition of product (treatment A), C. jejuni 
added to A. polyphaga after the addition of product (treatment B), and C. 
jejuni in product without A. polyphaga (treatment C). Directly after the addi-
tion of product, samples of 100 μl were taken from the different treatments, 
A, B, and C and added to tubes containing 500 μl of milk or juice. The tubes 
were gently shaken at 1400 rpm (MS2 Minishaker IKA®, Germany) and then 
incubated in a water bath (Heto DT Hetotherm, Denmark). Incubation condi-
tions for milk tubes were 72-74˚C for 15 sec and 85˚C for 15 sec for juice 
tubes. After heating, the sample tubes were put on ice and thereafter 100-μl 
samples were directly spread on blood agar for colony counting.  

Quantification of adhered/internalized C. jejuni into A. 
polyphaga (Paper I) 

The effect of pH (pH 2, 3, 4, 5 and 7) on adhesion/internalization of C. je-
juni into A. polyphaga was measured by flow cytometry (FACSCalibur, 
Becton Dickinson, CA). The flow cytometer was set up to detect samples 
containing A. polyphaga cells with or without stained C. jejuni. Staining of 
the bacteria was performed using a 50 mM cyanoditolyl tetrazolium chloride 
(CTC) (Polyscience, Eppelheim, Germany) solution according to the manu-
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facturer’s instructions. Data acquisition and analysis were done using the 
CellQuest v. 3.3 software. The same samples were also analyzed by fluores-
cence microscopy (Axioskop microscope; Zeiss, West Germany). For each 
sample, 100 amoebae were analyzed, and the number of stained C. jejuni 
cells adhered to or internalized in each amoeba was counted. In the flow 
cytometry analysis it was not possible to distinguish C. jejuni that adhered to 
the A. polyphaga surface, from those residing intracellularly, and therefore 
the term “adhered/internalized” was used throughout the article.  

Determination of C. jejuni motility (Paper I) 
The effect of pH on C. jejuni motility was assessed by a swarming assay. 

C. jejuni pre-exposed to different pH levels was inoculated onto soft agar 
(0.4% thioglycolate) plates. 5 μl was inoculated in the center of the plate and 
the zone diameter was measured after incubation at 37˚C for 48 h.  

Uptake and intracellular survival of C. jejuni in A. 
polyphaga (Paper III) 
Coculturing of viable and heat killed C. jejuni with A. polyphaga   

To determine the importance of bacterial viability for internalization and 
intracellular trafficking in the amoebal species A. polyphaga we compared 
these processes between viable and heat killed cells of the C. jejuni strain 
81-176. Heat inactivation of bacteria was done in a water bath (Heto DT 
Hetotherm, Denmark) for 45 min at 70 C. To separate viable and heat killed 
cells, bacteria were stained using two different approaches depending on the 
experiment. For the quantification experiment bacterial suspensions, both 
viable and heat killed, were stained using the Live/Dead stain (Bacterial 
Viability Kit, Molecular probes) according to the manufacturer’s instruc-
tions. Bacteria with intact membranes fluoresced green (live), whereas heat 
killed bacteria with damaged membranes fluoresced red (dead). For intracel-
lular localization experiments, bacterial suspensions were stained using CTC 
solution. CTC was used instead of the Live/Dead stain because it has red 
fluorescence which gives a better contrast to the green Alexafluor-488-
dextran (Molecular Probes, Eugene, Oregon) containing lysosomes, de-
scribed below. For the experiments, A. polyphaga in PYG medium were 
seeded into 24-well culture plates. Plates with confluent Acanthamoeba lay-
ers were inoculated with viable and/or heat killed C. jejuni into each well. 
These plates were cocultured in an aerobic environment at room temperature 
and 10 μl samples were taken at the time intervals 1, 24, 48, 72 and 96 h for 
quantification of adhered/internalized bacteria and at 1, 24, 48 and 72 h for 
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determination of intracellular localization of C. jejuni in A. polyphaga troph-
ozooites. Coculture samples were analyzed by fluorescence microscopy (Ax-
ioskop Zeiss, West Germany). For each sample, 50-100 amoebae were ana-
lyzed, and the number of stained viable or heat killed C. jejuni cells adhered 
to or internalized in each amoeba was counted.  

Determination of intracellular localization of viable and heat 
killed C. jejuni in A. polyphaga  

The intracellular localization of viable or heat killed C. jejuni was deter-
mined using Alexafluor-488 labeled dextran (Molecular Probes). The dex-
tran is internalized and processed via the endocytic pathway ending up in 
degradative phagolysosomes both in human cells and the widely used amoe-
bozoa species Dictyostelium discoideum (119, 120). Coculture samples were 
analyzed by fluorescence microscopy (Axioskop Zeiss, West Germany) and 
the number of stained viable and heat killed cells outside and inside dextran 
filled vacuoles were counted in each amoeba. For each sample, 50-100 
amoebae were analyzed.  

Investigation of the genetic stability of C. jejuni after 
enrichment in A. polyphaga (Paper IV) 

C. jejuni enrichment by A. polyphaga cocultures 
Forty MLST-characterized wild bird- or food animal associated C. jejuni 

strains were chosen to represent C. jejuni from diverse sources. The refer-
ence strain CCUG 11284 was also included. Each strain had a unique se-
quence type (ST), and the collection of strains was chosen to reflect a high 
genetic diversity. Each strain was cocultured with A. polyphaga as described 
above. Cocultures were incubated aerobically for 24 h at 37 C. To mimic the 
conditions of environmental samples with low numbers of C. jejuni, an inoc-
ulum giving a final concentration of approximately 1 to 10 CFU/ml was 
chosen, as determined by colony counting on blood agar plates. Microscopic 
observations assessed bacterial amplification by lysis of amoebae and en-
trance of C. jejuni into the surrounding medium. Samples with low C. jejuni 
concentrations after coculture were incubated an additional 24 h. 

MLST and flaA typing of C. jejuni isolates 
Following passage and subsequent amplification in amoebae, the STs and 

CCs were determined for each of the 41 C. jejuni strains. The DNA was 
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extracted using the boil lysate method. Fresh overnight cultures were har-
vested and one loop-full of cells was resolved in ddH2O and boiled for 8 
minutes. The lysates were directly used as template for PCR reactions. PCR 
amplification and nucleotide sequencing were performed using standard C. 
jejuni MLST protocols (65). To increase the discriminatory power, the viru-
lence gene, flaA, with its short variable region (SVR-fla), was sequenced and 
used as a complementary target. The 321-bp sequence containing the SVR-
fla was determined for each isolate prior to and after amoeba passage (65, 
121, 122). Acquired forward and reverse sequences were aligned to create 
contiguous fragments.  

The primers used for the seven MLST loci and the flaA gene are available 
at (http://pubmlst.org/campylobacter/). After amplification, the PCR prod-
ucts were purified according to the following protocol: The supernatant was 
discarded by inverting the PCR-plate on a paper towel and spun for 1min at 
500 g. The pellet was then washed with100 μl ice cold 70% EtOH followed 
by centrifugation at 2800 g for 10min and removal of supernatant. This 
washing step was repeated and the dried PCR-product was resuspended 
in10μl ddH2O. Purified PCR products were sent to Macrogen Inc. (South 
Korea) for sequencing using internally separated nested primer pairs. The 
retrieved sequences from Macrogen Inc. were then used for genotyping of C. 
jejuni through BLAST in the PubMLST database 
(http://pubmlst.org/campylobacter/).  
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Results and discussion 

Coincubation of C. jejuni with Acanthamoeba spp. in 
acidic environments (Paper I) 

Campylobacter jejuni are sensitive to acidity, disinfectants, oxygen expo-
sure, osmotic stress, desiccation and heating (42). On the other hand, coin-
cubation with unicellular eukaryotes have been shown to increase C. jejuni 
survival during exposure to free chlorine (114), disinfectants (87) and aero-
bic conditions (88). In vitro studies have shown that C. jejuni poorly survive 
low pH levels (123), but in this thesis we have found that, in the presence of 
Acanthamoebae spp. the bacterium can survive pH levels far below its nor-
mal range (Paper I, II). When C. jejuni cells were co-incubated with A. 
polyphaga in acidified PBS or tap water, the bacteria survived at pH 4 for 20 
h (Figure 5) (Paper I).  

We also found that moderately acidic conditions (pH 4 and 5) triggered C. 
jejuni motility and increased the adhesion/internalization of bacteria into A. 
polyphaga. This was shown by significantly increased swarming when C. 
jejuni were pretreated with acidified PBS at pH 5 for 1 h (1.9 ± 0.03 cm; P < 
0.001), compared to that of the control (1.5 ± 0.03 cm). The results from 
flow cytometric analysis showed an increase in the geometric mean fluores-
cence intensity (MFI) of A. polyphaga cells infected with CTC-stained bac-
teria at pH 4 and 5 compared to at pH 7. Also the microscopy data showed 
that the association of C. jejuni with A. polyphaga was increased at pH 4 and 
5, compared to that at pH 7. At pH 5, 6.65 ± 0.94 bacteria were found inside 
or on the surface of each A. polyphaga trophozoite (P < 0.0001 [Tukey’s 
test]), and at pH 4, the number was 5.87 ± 0.96 bacteria/amoeba (P < 0.0001 
[Tukey’s test]). The percentage of amoebae associated with bacteria was also 
dependent on the surrounding pH, and significant differences in association 
compared to that at pH 7 were seen at pH 4 and 5. At pH 7, 37.0% ± 18% of 
A. polyphaga trophozoites had C. jejuni cells internalized or on the surface, 
compared to 78.0% ± 12% at pH 5 (P = 0.016 [Tukey’s test]) and 80.0% ± 
8.7% at pH 4 (P = 0.012 [Tukey’s test]).  
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Fig.5 Survival of C. jejuni in PBS at pH 4. The box plots show survival as the % of 
initial CFU after 5 h and 20 h. C. jejuni were treated in three different ways: treat-
ment A (white boxes), C. jejuni added prior to acidification; treatment B (striped 
boxes), C. jejuni added after acidification; and treatment C (dotted boxes), C. jejuni 
without A. polyphaga, as a control. 

 
 
 
These findings show that amoebae of the genus Acanthamoeba can pro-

tect C. jejuni in acidic environments where they normally cannot survive 
alone. The findings can have implications for the understanding of C. jejuni 
survival during passage through the gastrointestinal tract of host animals and 
humans and for hygiene routines in chicken stables. C. jejuni have been 
shown difficult to eradicate from chicken stables even after sanitation (124). 
Acid treatment is a commonly used sanitation method in chicken stables and 
the results from this study suggest that Acanthamoeba spp. might protect C. 
jejuni from such treatment.  
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Evaluation of A. polyphaga as a Trojan horse for 
protection of C. jejuni in beverages (Paper II) 

Several outbreaks where unpasteurized milk has been the source of C. je-
juni infections have been documented. Many of those outbreaks have arisen 
from farmers that serve their visitors raw milk (125-130). There is an in-
creasing trend of drinking “natural” unpasteurized milk, which can contrib-
ute to an increased number of bacterial infections, such as Campylobacterio-
sis (131).   

Most C. jejuni infections are sporadic, and due to the high number of hu-
man infections with sometimes neuronal complications and in the worst 
case; fatal outcomes (4), identification of all possible infection sources are 
important. In recent decades a number of human pathogens have caused 
outbreaks through acidic fruit juices (132).  The low pH in juice is an inhos-
pitable environment for C. jejuni and therefore juice has not been of interest 
when looking for potential infection sources. 

 In this thesis I studied the survival of C. jejuni in milk and orange juice in 
the presence of A. polyphaga (Paper II). In milk stored at room temperature, 
coculture with A. polyphaga were shown to increase the C. jejuni survival at 
all time points studied. When stored at refridgerator temperature (4 C), co-
culture increased the C. jejuni survival at all time points except at 48 h, 
where C. jejuni alone exceeded the survival in cocultures. This is consistent 
with previous studies reporting good survival of Campylobacter in refriger-
ated milk (123, 133). In orange juice (pH 3.9), the survival of C. jejuni was 
increased when cocultured with A. polyphaga, both when incubated  at room 
temperature (Figure 6) and at 4 C, compared to cultures with C. jejuni alone. 
Statistically significant differences in relative C. jejuni survival between 
cocultures, treatment A and B, and C. jejuni without A.polyphaga, treatment 
C, were seen at 18 h to 48 h when the treatments were incubated at room 
temperature (Treatment A and C: Kruskal-Wallis test; (18 h) p < 0.0001, (24 
h) p < 0.0001)  (Treatment B and C: Kruskal-Wallis test; (18 h) p = 0.0428, 
(24 h) p = 0.0428, (48h) p =  0.0029) (Figure 6). When treatments were in-
cubated at 4 C, significant differences in relative survival between treatment 
A, bacteria pre-incubated with amoebae before addition of juice, and treat-
ment C, C. jejuni without A.polyphaga, were seen at 18 h to 48 h (Kruskal-
Wallis test; (18 h) p = 0.0001, (24 h) p = 0.0002, (48 h) p = 0.0489. 

  Amoebae could come in contact with C. jejuni contaminated milk and 
orange juice in different ways. Amoebae are common in water supply sys-
tems (134, 135) and drinking water is used both within the industrial process 
(136) and in the preparation of juice in households when adding water to 
juice concentrate. Amoebae can attach to different surfaces that can be found 
in juice squeezing machines or other utensils e.g. baby bottles (73, 137, 138). 
The pasteurized beverage can also be post infected with Campylobacter. In a 
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British study it was established that Jackdaws and Magpies that attacked the 
foil caps of milk bottles caused people to become infected with C. jejuni 
when they consumed the remaining milk later on (139, 140). In summary my 
findings show that the presence of A. polyphaga can increase the C. jejuni 
survival in milk and orange juice. However, since A. polyphaga did not show 
any protective effect on C. jejuni when heated to recommended pasteuriza-
tion temperatures, neither in milk nor in orange juice (Paper II), the pasteur-
ized milk and orange juice would then make a safer alternative for the con-
sumer compared to unpasteurized. 

 
 

  

 
Fig.6 Survival of C. jejuni in orange juice at pH 3.9 at room temperature. The graph 
shows survival as the % of initial CFU after 0, 3, 6, 18, 24 and 48 h. C. jejuni were 
treated in three different ways: treatment A (dots), C. jejuni preincubated with A. 
polyphaga before the addition of product; treatment B (squares), C. jejuni inoculated 
to  A. polyphaga after the addition of product; and treatment C (triangles), C. jejuni 
in product without A. polyphaga as a control. 
 
 

Uptake and intracellular survival of C. jejuni in A. 
polyphaga (Paper III) 

Many bacteria act as food source for amoebae. They are taken up via 
phagocytosis and are degraded in lysosomes. However, a number of bacteri-
al species including several human pathogens can avoid lysosomal degrada-
tion in protozoa and for some species, the evasion strategy has been studied 
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in more detail (82, 107, 108). In this thesis we studied the uptake and intra-
cellular trafficking of C. jejuni in the amoeba A. polyphaga. (Paper III). We 
found that viable C. jejuni entered A. polyphaga in higher numbers and at a 
higher rate compared to non-viable C. jejuni. 

The internalization of viable bacteria into A. polyphaga was significantly 
higher compared to heat killed bacteria after 1, 24 and 48 h of coincubation 
(repeated measures ANOVA with Duncans post test; (1 h) p < 0.001, (24 h) 
p < 0.001, (48 h) p < 0.001). After 1 h the average number of amoeba asso-
ciated viable C. jejuni were 9.4 bacteria per amoeba, compared to 0.5 bacte-
ria/amoeba for the heat killed control (Paper III). In addition, viable C. je-
juni associated with a greater number of trophozites than non-viable. After 
one hour of coincubation, 96% of the A. polyphaga trophozoites were asso-
ciated with viable C. jejuni compared to 0% of the trophozoites associated 
with heat killed C. jejuni (Liddells exact test; (1 h) p < 0.001). 

When the proportion of viable/heat killed C. jejuni was analyzed among 
trophozoites of this fraction, the amount of viable bacteria were dominating 
at all time points except at 96 h where the number of heat killed C. jejuni 
exceeded the number of viable (Liddells exact test; (1 h) p < 0.001, (24 h) p 
< 0.001, (48 h) p < 0.001, (96 h) p = 0.027) (Paper III). Once inside A. 
polyphaga, most viable C. jejuni were gathered in non-acidic vacuoles, and 
the majority of the heat killed bacteria were gathered in big acidic vacuoles, 
with the characteristics of amoebal lysosomes (Figure 7). Absolute numbers 
of bacteria observed inside non-digestive vacuoles were significantly higher 
for viable bacteria than for heat killed bacteria at all time points (repeated 
measures ANOVA with Duncans post test, (1 h) p < 0.001, (24 h) p < 0.001, 
(48 h) p < 0.001, (72 h)  p < 0.001) (Paper III). Studies in human intestinal 
epithelial cells have also shown that the majority of C. jejuni cells are found 
in non-acidic vacuoles (141). 

 Together these findings indicate that viability is important for bacterial 
entrance and intracellular survival in A. polyphaga. Further investigations 
are needed to identify proteins or bacterial functions that are critical for 
amoebal entrance. It could be that a functional flagella or the secretion of 
proteins is needed for binding to the amoebal surface and for subsequent 
internalization. A C. jejuni mutant (K2-32) with a kanamycin-resistance 
cassette inserted into the flagellin gene, flaA was shown to have greatly re-
duced motility and was not capable to adhere to or invade epithelial cells 
(142). It has also been shown that C. jejuni invasion of epithelial cells is 
dependent on the secretion of virulence proteins, termed the Campylobacter 
invasion antigens (Cia), from the bacterium’s flagellar Type III Secretion 
System (143-146). Epithelial cell invasion by C. jejuni and intracellular sur-
vival has been proposed to be the consequences of the Cia proteins’ modifi-
cation of host cell regulatory pathways (147). In the case of L. pneumophila, 
the usage of different bacterial mechanisms to attach to and invade different 



33 
 

protozoan hosts, show how complex and specific these interactions can be 
(148). Once inside A. polyphaga, we showed that the viability of C. jejuni 
was also important for the escape of lysosomal degradation. The intracellular 
survival of C. jejuni in A. polyphaga can be due to effector proteins that pre-
vent the fusion of phagosomes with lysosomes and in L. pneumophila this 
process is regulated by the dot/icm genes (149). Genes involved in C. jejuni 
invasion and intracellular survival in eukaryotic cells remains poorly studied. 
However, despite many features shared by amoebae and macrophages, it 
appears that C. jejuni, in contrast to L. pneumophila, are unable to avoid 
lysosomal degradation in human macrophages (141, 150). 
 

  

Fig.7 Left: Viable C. jejuni (red) are gathered in non acidic vacuoles and not in 
dextran filled acidic vacuoles (green). Right: Heat killed C. jejuni (yellow) are gath-
ered in dextran filled acidic vacuoles (green). 
 

Genetic stability of C. jejuni after enrichment in A. 
polyphaga (Paper IV) 

In our research group we have developed a method for enrichment of en-
vironmental samples with low C. jejuni concentrations based on coculture 
with A. polyphaga, the ACC-method, described above (89). However, for the 
ACC method to be used in outbreak investigations and to enable identifica-
tion of the source of infection, it is important to evaluate if the propagation 
of C. jejuni in the amoeba has any effect on the genetic stability of the bacte-
rial strains. Recombination is frequent in C. jejuni (151), indicating that the 
bacterium has a high genetic instability and a high risk for genetic changes. 
C. jejuni has also been shown to be naturally competent for transformation 
(152). 



34 
 

In this thesis, the genetic stability of C. jejuni during coculture with A. 
polyphaga was assessed by multilocus sequence typing (MLST) and flaA 
short variable region (SVR) sequencing of 40 environmental C. jejuni iso-
lates before and after coculture. We found that all isolates could be success-
fully enriched by the ACC method when added at a bacterial concentration 
of approximately 1 to 10 CFU/ml. With MLST and SVR-fla sequencing, it 
was assessed that all 40 C. jejuni isolates retained their genetic profile after 
passage in A. polyphaga (Paper IV). This suggests that the ACC-method is 
suitable for amplification and detection of C. jejuni in environmental sam-
ples and that this propagation does not induce genetic changes as determined 
by MLST or SVR-fla sequencing. The MLST method with SVR-fla se-
quencing is a robust and widely used method for typing of C. jejuni isolates. 
However, as the method only provides information about genetic changes in 
the seven house-keeping genes and the SVR-fla, we cannot rule out that 
genetic changes occur in other regions of the C. jejuni genome during pas-
sage in A. polyphaga. Furthermore, if bacteria compete to enter the amoebae 
and/or if replication is selective when more than one type of C. jejuni is pre-
sent, needs further study.  
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Conclusions 

I conclude that: 

 
I  Amoebae of the genus Acanthamoeba can prolong C. jejuni 

survival at low pH. (Paper I) 
 
II  Low pH triggers C. jejuni motility as well as adhesion and 

internalization of the bacterium into A. polyphaga. (Paper I) 
 
III  A. polyphaga can increase the survival of C. jejuni in milk 

and orange juice, but cannot protect the bacteria from temper-
atures recommended for pasteurization.  (Paper II) 

 
IV  Bacterial viability is important for C. jejuni adhesion, uptake 

and intracellular survival within A. polyphaga. (Paper III)  
 
V Viable C. jejuni escape degradation in A. polyphaga by avoid-

ing localization to digestive vacuoles. (Paper III) 
 
VI The ACC method is suitable for enrichment of C. jejuni 

strains of different origin and propagation of C. jejuni by this 
method does not affect the genetic profile, as determined by 
MLST and SVR-fla sequencing. (Paper IV) 
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Future perspectives 

In this thesis I found that Acanthamoeba spp. are good candidates for be-
ing an environmental C. jejuni reservoir. Further interaction studies between 
C. jejuni and unicellular eukaryotes are needed to better establish the role of 
such organisms in the epidemiology of C. jejuni. How C. jejuni invade and 
survive intracellularly within Acanthamoebae is a complicated puzzle to lay. 
Further molecular studies are needed to identify amoebal-or bacterial surface 
receptors as well as bacterial proteins or pathways involved in avoiding lyso-
somal destruction. Such knowledge could be useful for strategies to block 
the invasion and the intracellular survival. 

To investigate if Acanthamoeba spp. can act as reservoirs for C. jejuni in 
poultry stables, I have built a water supply system in miniature to mimic the 
systems currently used in many chicken farms in Sweden. This system will 
be experimentally colonized with Acanthamoeba spp. and inoculated with C. 
jejuni to study if the bacteria can be protected by the amoebae under semi-
natural conditions. In this system we will also study the effect of the current-
ly used treatment with mild acids (e g citric acid) as sanitizer. 
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Svensk sammanfattning (Swedish summary) 

Campylobacter är en vanlig orsak till bakteriell diarrésjukdom världen 
över. Den orsakar lidande och död i utvecklingsländer och stora samhälls-
kostnader i form av bl.a. sjukvård i i-länder. Bland de cirka 18 arter av Cam-
pylobacter som identifierats är Campylobacter jejuni den som orsakar flest 
infektioner hos människa. Cirka 7000 fall rapporteras årligen i Sverige och 
ca 200 000 inom EU. Inkubationstiden är två till fyra dagar, och de flesta 
insjuknar i feber, kräkningar, huvudvärk och diarréer, som kan vara blodtill-
blandade. En campylobakterinfektion kräver sällan antibiotikabehandling, 
men en del patienter kan behöva vätskeersättning. Normalt sett är en cam-
pylobakterinfektion över på en vecka men i sällsynta fall kan den leda till 
allvarliga neurologiska komplikationer som t.ex. Guillain–Barrés syndrom 
(GBS), och till och med till dödsfall. De flesta campylobakterfall är spora-
diska och är associerade med dåligt tillagad kyckling, opastöriserad mjölk 
och kontaminerat vatten. C. jejuni finns i mag-tarm kanalen hos flera varm-
blodiga djur, inklusive gris, nötkreatur, får, sällskapsdjur och fåglar, där de 
kan existera utan att ge några symptom. Bakterien har visat sig vara känslig 
mot olika miljöfaktorer såsom syre, förändringar i pH och temperatur. Hur 
C. jejuni överlever och sprids i naturen är ännu inte helt klarlagt, men sanno-
likt existerar olika reservoarer utöver varmblodiga djur.  

I tidigare studier har C. jejuni visats kunna överleva och tillväxa inuti 
amöbor av släktet Acanthamoeba. Encelliga eukaryoter såsom amöbor, cilia-
ter och alger är vanligt förekommande i jord och olika vattenmiljöer, där de 
till stor del livnär sig på bakterier. Flera bakterierarter har visat sig kunna 
överleva inuti encelliga eukaryoter. Det mest kända exemplet är Legionella 
pneumophila som använder sig av amöbor för sin överlevnad och spridning. 
Genom att undersöka vilka encelliga eukaryoter som kan fungera som värd-
organism för bakterier kan vi få en ökad förståelse för hur sjukdomsalstrande 
(patogena) bakterier överlever i naturen. Amöbor är tåliga organismer och 
bakterier som befinner sig inuti dem kan dra fördel av den barriär de utgör 
mot den kringliggande omgivningen. 

Med denna avhandling har jag visat att amöbor av släktet A. polyphaga 
kan skydda C. jejuni i miljöer med lågt pH. Sur miljö visade sig öka C. 
jejuni´s förmåga att binda till och invadera amöbor. Det är sannolikt att bak-
terien på liknande sätt kan skydda sig mot lågt pH i epitelet i den sura mag-
säcken. Det är även möjligt att amöbor i vissa fall kan skydda bakterierna 
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under denna passage då amöbor innehållande C. jejuni intagits. Fenomenet 
kan sannolikt även förklara varför syrabehandling av vattenledningssystem i 
kycklingstallar ofta är en ineffektiv saneringsmetod mot Campylobacter. Jag 
fann också att samodling med A. polyphaga generellt ökade C. jejuni’s för-
måga att överleva i både mjölk och apelsinjuice, gentemot när bakterierna 
inkuberades utan amöbor. Detta tyder på att, i de fall då amöbor finns närva-
rande i dessa produkter, skulle de kunna öka kontaminerande Campylo-
bacter’s livslängd. Vidare visar avhandlingen på att levande C. jejuni inter-
naliseras i A. polyphaga i mycket högre grad än avdödade bakterier. Detta 
har betydelse för hur vi ser på interaktionen mellan dessa bakterier och amö-
ban, där C. jejuni i motsats till en del andra bakterier, sannolikt aktivt inva-
derar A. polyphaga. Jag fann även att C. jejuni överlever inuti amöban ge-
nom att undvika vakuoler för nedbrytning. Analyserna visade också att det 
vid samodling av C. jejuni med amöbor, inte sker några förändringar i gener 
som används för fylogenetisk analys av bakterien. Multilocus sequence ty-
ping (MLST) är en metod för fylogenetisk analys av bakterier. Här studeras 
den genetiska variationen i ett antal gener. Förändringar i genomet är vanliga 
hos C. jejuni. Då samodling med A. polyphaga används som en anriknings-
metod för C. jejuni är det dock av stor vikt att känna till huruvida det vid 
sådan anrikning kan ske genetiska förändringar i dessa gener som studeras 
med MLST-metoden. Sådana förändringar skedde dock inte.  

Sammantaget visar studierna på att amöbor av släktet A. polyphaga kan 
fungera som en reservoar för C. jejuni i naturen och kan i olika sammanhang 
sannolikt bidra till ökad överlevnad och spridning av denna bakterie. Studi-
erna visar också att samodling med A. polyphaga är en robust anrikningsme-
tod för C. jejuni. 
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