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Abstract
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Up to 100 million people travel annually from industrialized countries to resource-limited ones.
Each traveller contains an internal ecosystem composed of tens of trillions of microbes, known
as the intestinal microbiota, which has a large effect on health. The microbiota seems to be
highly individual and mostly stable but can be significantly affected by several factors.

Many international travellers are at high risk of getting infected by Campylobacter, the most
common cause of bacterial enteritis worldwide. Campylobacter infection can cause a wide range
of symptoms, with varying severity, for reasons largely unknown. Travel also radically increases
the risk of colonization by antibiotic-resistant intestinal bacteria, notably Extended spectrum
beta-lactamase (ESBL)-producing Enterobacteriaceae (EPE). To date, there are no therapies
available for EPE-decolonization.

In this thesis, it was investigated whether the bacterial intestinal microbiota affected
susceptibility to Campylobacter and if international travel as such had an impact on the
microbiota. In a prospective, observational study, 67 healthy Swedes, travelling in groups to
countries with a high risk of Campylobacter infection, were followed. The travellers answered
questionnaires and delivered two faecal samples before and three samples after the trip. These
samples were cultured for enteropathogens and analysed for the microbiota composition. Low
diversity of microbiota seemed to increase the risk of Campylobacter jejuni infection, whereas
a high relative abundance of Lachnospiraceae might decrease the risk (Paper I). Furthermore,
the overall bacterial diversity did not seem to change in connection with travelling. However,
the bacterial family Enterobacteriaceae (otherwise connected with inflammation, infection
and antibiotic-resistance) was shown to be dramatically increased in abundance immediately
after travel, and the family Christensenellaceae (otherwise connected with beneficial health
conditions) simultaneously decreased (Paper II).

Eight travellers, from two different destinations, were infected with closely related C. jejuni
isolates (ST353CC). The bacterial analysis of genomic and phenotypic characteristics revealed
that the C. jejuni isolates of the travellers returning from one of the destinations and with
more severe symptoms actually showed less pathogenic potential, compared to the isolates
of travellers from the other destination and with milder symptoms. However, the travellers with
more severe symptoms had much higher relative abundances of Bacteroidetes in their intestinal
microbiota and, in contrast to the other travellers, excluded meat from their diet. (Paper III)

Finally, we investigated in a randomized, placebo-controlled clinical trial of 80 established
intestinal carriers of EPE, whether the oral probiotic product Vivomixx® could eradicate EPE.
Vivomixx® was not superior to placebo (Paper IV).
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Foreword 

Travelling is something we have engaged in since the beginning of mankind. 
We travel for many reasons. To save our lives. To improve our lives. To trade. 
To experience something different. However, we are not alone when we 
travel. Amongst other things, we bring our own internal ecosystem, consisting 
of trillions of bacteria and other organisms constituting our intestinal micro-
biota. This ecosystem has evolved together with us for thousands of years and 
it shares and depends on our daily lives and habits, as well as on the external 
environments we expose it to.  

When we travel long distances, that external environment changes, often in-
cluding the food we eat and the bacteria we encounter. This entails certain 
risks. Among those risks are the gastrointestinal disturbances so familiar to 
most travellers as well as the risk of actual gastrointestinal infection. Even 
more worrying in the long run is the high risk of picking up and passing on 
new bacteria and transferable bacterial traits resistant to most (or all) of the 
antibiotics we so completely rely on to cure us from serious infections. The 
scourge of antibiotic resistance against gram-negative intestinal bacteria is one 
of the dominating global health-care emergencies of our time.  

Thus, there are both risks and drawbacks with travelling. There are, however, 
risks and drawbacks with not travelling. Hopefully, by shedding some light on 
what can happen when intestinal bacteria from different parts of the world 
interact, the current study may in some way contribute to the continuous and 
successful global interaction of people. 
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Introduction 

The intestinal microbiota  
Every human being contains an internal ecosystem, composed of tens of tril-
lions of microbes, which is commonly referred to as the human microbiota. 
[1]. The microbiota has co-evolved with its hosts through evolution, but for a 
long time it remained largely unexplored due to the difficulties in studying the 
whole complexity of this microbial community. During the last decade, ad-
vances in sequencing technologies have led to an explosion in knowledge 
about this ecosystem. At an increasing pace, it is becoming more and more 
certain that the composition of the microbiota plays an important role in many 
physiological and pathological functions of the human body [2]. The abso-
lutely greatest part of the human microbiota is located in the colon [1, 3], and 
henceforth this is what will be referred to if not otherwise stated. This intesti-
nal (colonic) microbiota has been shown to be connected to a growing number 
of diseases such as inflammatory bowel disease, diabetes [4], alcoholic liver 
disease [5], severe malnutrition [6] and possibly autism spectrum disorders [7, 
8]. It is important for the extraction of nutrients [9] and has also been shown 
to play a significant role in the response to certain drugs and treatments, e.g. 
cancer therapy [10] and allogenic stem-cell transplantation [11]. The intestinal 
microbiota also plays a large role in the development of the immune system 
[12]. This is not surprising considering that trillions of bacteria are spread out 
over a large intestinal surface [13], where they are constantly interacting with 
an immense number of intestinal immunological cells. The intestinal microbi-
ota also protects the body more directly against enteric pathogens, through 
colonization resistance (CR) and other mechanisms (see more below).  
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Composition of the intestinal microbiota 
 

Figure 1. The normally dominating phyla in the adult human colon. * = The pro-
portion between Bacteroidetes and Firmicutes varies significantly, but together they 
usually account for ca. 90% of the phyla. Data adapted from [3, 14, 15]. The propor-
tions are inexact.  

The adult intestinal microbiota consists of between 500-1000 bacterial species 
[3]. Four phyla (Firmicutes, Bacteroidetes, Actinobacteria and Proteobacteria) 
dominate [16] (Figure 1).  

A large majority of the bacteria in the colon are obligate anaerobes. Almost 
all the intestinal colonic microbes are located in the lumen and in the outer 
mucus layer, with the body aiming to keep the inner mucus layer and the epi-
thelial cells themselves free from bacteria [17]. The majority of colonic mi-
crobes are excreted in faeces, constituting 60% of its dry-weight and making 
faecal analysis a viable and mostly representative way of mapping the colonic 
microbiota [3, 18].  

The intestinal microbiota starts to form immediately after birth and is influ-
enced, e.g., by mode of delivery, method of feeding (breast-feeding or exclu-
sive formula), geographic location and exposure to antibiotics and probiotics 
[19-23]. During early infancy, the bacterial diversity is comparatively low, 
and the microbiota is dominated by Bifidobacterium species associated with 

Bacterial phyla in the adult human colon

Bacteroidetes*

Firmicutes *

Proteobacteria

Actinobacteria

Fusobacteria

Others



 15

breastfeeding. In connection with weaning, the microbiota undergoes rapid 
development and diversification and has usually stabilized at around two years 
of age, with a higher bacterial diversity and all four phyla being represented 
[20, 21, 24].  

In a healthy, adult individual, the dominating composition and function of the 
intestinal microbiota are normally stable over time. In one study, an average 
of 60% of the taxa found in stool samples were retained for at least five years 
[25]. A limited number of species also make up the large majority of bacteria 
present [19, 26]. Many of the species present in much lower abundances, how-
ever, are considered to have important niche-functions. They can also serve as 
a reserve that is ever ready to step in and take over the functions of more dom-
inant species if and when conditions change in the intestinal environment. For 
this and many other reasons it is considered highly beneficial to health to have 
a large diversity of bacterial species present in the gut [4]. 

Apart from the advantages of a large bacterial diversity, many individual bac-
terial species have also been repeatedly connected to specific diseases or 
healthy conditions. These are sometimes referred to as “keystone species” [3]. 
It has also been demonstrated that addition of singular bacterial species can 
have beneficial effects. This has been demonstrated in some probiotics studies 
[19]. It has also been observed, for example, in one very interesting study 
where inoculation of mice with the bacteria Clostridium scindens, which has 
the comparatively rare ability to convert primary deconjugated bile acids 
abundantly present in the colon to antimicrobial secondary bile acids, con-
ferred resistance to Clostridioides difficile following antibiotic treatment [27].   

Influences on the composition of the intestinal microbiota 
 The composition of the intestinal microbiota is intensely individual: differ-
ences between different groups (however defined) observed in any given study 
are generally much less pronounced than differences between different indi-
viduals within any of these groups. Nevertheless, in very large and thorough 
studies distinct variations connected to, e.g., geography [28], mode of neonatal 
delivery [29], genetics [30] and particularly diet [31, 32] have been observed. 

Physiologically significant changes can also be experimentally induced by the 
microbiota, for example in several advanced studies with gnotobiotic mice 
(laboratory mice with a limited and strictly defined intestinal microbiota). In 
one such study, Dey et al. showed that gnotobiotic mice with an “American-
ized” intestinal microbiota got a significantly faster intestinal transfer time 
(loose stools) when receiving a “Bangladeshi” diet, and a slower intestinal 
transfer time (hard stools) when receiving a “primal” diet rich in fibre. Mice 
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with a “Bangladeshi” intestinal microbiota, on the other hand, got a slow in-
testinal transfer time (hard stools) with the “Bangladeshi” diet but a signifi-
cantly faster transfer time (loose stools) with the “primal” diet [33]. Further-
more, the spice turmeric, often used as a prebiotic against diarrhea, did have a 
significantly constipating effect on the “Americanized” mice when fed a 
“Bangladeshi” diet. However, it had no effect on the “Bangladeshi” mice re-
ceiving the same diet [33]. 

On a momentary basis, the individual microbiota is sensitive to the daily ex-
position of foodstuffs and especially medication [34]. But in the longer inter-
val, after shorter perturbations it most often finds itself reverting to the equi-
librium of that particular (adult) individual [35]. Sometimes, however, it does 
not return to the baseline. In particular, consumption of antibiotics can alter 
the microbiota for a prolonged period of time [36]. Sometimes, alterations of 
the microbiota can be connected to detrimental effects on health and is then 
sometimes (many times too freely) labelled “dysbiosis”, a term that was alleg-
edly first used as opposed to “symbiosis” by the Nobel Prize-winner Elie 
Metchnikoff in 1907 [37, 38]. Importantly though, a bacterial composition that 
constitutes “dysbiosis” in an individual does not at all mean that he or she is 
necessarily sick or discomforted.   

Adding to this complexity is also the fact that, depending on the individual 
and the environmental circumstances, different bacterial species can fulfil the 
same metabolic and functional role, and the same bacterial species can fulfil 
different metabolic and functional roles. Indeed, it now seems likely that the 
exact taxonomic composition of the intestinal microbiota is less important for 
the host than its functional capacity [14]. In addition, apart from the bacterial 
part of the intestinal microbiota, it also contains diverse and important (but 
much less studied) viruses, microfungi and archaea. Moreover, humans in 
many parts of the world also have daily interactions with intestinal parasites 
and nematodes.  

Sequencing techniques to study microbiota composition 
Next generation sequencing (NGS) is one of the major reasons that microbiota 
research has come as far as it has. NGS is a unifying name for many technol-
ogies performing massive parallel sequence analysis of nucleic acids by using 
miniaturized and parallelized platforms for the sequencing of several millions 
of reads per instrument run. The earliest of these technologies emerged in the 
1990s and they have been commercially available since 2005. Between 2004 
and 2010, sequencing capacity doubled every five months [39, 40], setting the 
stage for an explosive subsequent increase in scientific discoveries in fields 
such as genetics and microbiota analysis. As a (much used) example, the time 
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it took to sequence the whole human genome shrank from 13 years in 1990-
2003 (the Human Genome Project) to about 24 hours in 2016, and the cost 
simultaneously decreased from 3 billion USD (the exact figure can be de-
bated) to below 1000 USD (www.genome.gov, accessed Feb. 20th, 2020).  

The first major commercially successful NGS-technology was 454 pyrose-
quencing, originally developed by Pål Nyrén of the Royal Institute of Tech-
nology in Stockholm [41] and later acquired by Roche. Currently, the most 
important NGS technique is arguably the method of sequencing performed by 
Illumina [39, 42]. Illumina produces short reads (100-300 bp) with a very high 
capacity and accuracy and has for several years dominated the field. Other 
NGS techniques that can produce very long reads (up to 50 000 bp), such as 
those performed by PACBIO and Oxford Nanopore Technologies, are rapidly 
improving. Although they currently still lack in accuracy on their own, Oxford 
nanopore can e.g., be combined with Illumina to correct this [39, 42].   

Amplicon sequencing of the 16S rRNA gene 
When it comes to using NGS technology in order to study the intestinal mi-
crobiota, the far most common form has been targeted amplicon sequencing 
of the gene encoding the 16S ribosomal RNA subunit. This ancient 1.5 kb 
gene is present in all bacteria and archaea (but not in eukaryotic cells) and 
includes alternating conserved and hypervariable regions. By amplifying this 
through PCR and sequencing it, you thus ideally find all the bacteria in a sam-
ple. By designing universal primers within the conserved regions that flank 
one or several of the nine variable regions (V1-V9), you can classify each 
sequenced read you get into a bacterial taxonomic unit. More genetic variation 
in the variable region chosen leads to better taxonomic separation. Many pri-
mer sequences adapted for Illumina sequencing targets the V3-V4 region and 
mainly targets bacteria. Archaea can also be detected with this primer, but not 
all archaea [43].  

A limitation of 16S amplicon sequencing is that you only sequence part of the 
gene, making it hard to classify certain bacteria in detail. An alternative ap-
proach is metagenomic sequencing, where you non-selectively sequence all 
DNA sequences present in a sample. The capacity for generating very long 
reads made possible by e.g., Oxford nanopore, combined with the high read 
depth and accuracy currently available with short read-sequencing such as Il-
lumina, should hopefully make metagenomics a major strategic option in the 
near future [39, 43].      
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Data analysis  
The output data that is the result of 16S amplicon sequencing consists of files 
with thousands of sequence-reads that eventually are converted into a matrix 
containing taxonomic data in which the columns are samples and the rows 
represent different taxa. The raw sequence data is first filtrated where se-
quences of low quality are removed. Analyses are usually done on a high-
performance computing cluster, open-source software package such as QIIME 
(Quantitative Insights Into Microbial Ecology) [44] that can be accessed 
online. Reads are then grouped together in clusters with a minimum of (usu-
ally) 97% identical sequences, known as Operational Taxonomic Units 
(OTUs) [45]. A representative OTU from each cluster is then compared to a 
16S rRNA sequence database such as Greengenes [46, 47] and given a taxo-
nomical annotation. Some OTUs match so exactly that they get a full annota-
tion from phylum to species level, while others are variously less specific and 
hence poorly classified.  

The alpha-diversity of the sample can then be calculated. The alpha diversity 
takes no account of what bacteria are present in a sample but reflects the total 
number of unique taxa present there (i.e.: “richness”), which can be presented 
e.g. by the Chao1 index. The alpha-diversity can also consider how the species 
are distributed (i.e.: “evenness”). The Shannon index, e.g., takes account of 
both richness and evenness [43] and Phylogenetic diversity (PD) whole tree 
also takes phylogenetic distances into account [48]. 

Further analyses often include comparisons of bacterial communities between 
sample subgroups and with other communities/samples by measuring beta-
diversity, with methods such as weighted and unweighted Unifrac or Bray 
Curtis dissimilarity. It is also common to use ordination methods such as Prin-
cipal coordinates analysis (PCoA) to study and visualize if data are grouped 
together in specific ways; and if in that case it is possible to find groups who 
share, or widely differ, in microbial composition. These methods can also be 
performed with QIIME [44, 49]. Another approach is to look specifically at 
individual taxa to study differential or contrasting abundances between groups 
of samples.  
 
It is important to remember that the data generated in these ways, describing 
relative abundances, all concern proportions. They do not register, e.g., any 
differences in the total amount of microbes present.  
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Travellers´ diarrhea (TD)  

 
Figure 2. Incidence Rates of Traveller’s Diarrhea in the initial 2 Weeks of stay in 
various regions of the world among visitors residing in industrialized countries, 
1996-2008.  
From: Traveler´s Diarrhea: A Clinical Review, Steffen et al, JAMA, 
2015;313(1):71-80. Reprinted with permission from the publisher. © 2015 American 
Medical Association. All rights reserved. 

In 2015, there were 1,184 billion tourist arrivals globally [50], and every year, 
up to 100 million people travel from industrialized countries to resource-lim-
ited ones [51]. Between 8-40% of them develop TD, the global incidence of 
which is slowly decreasing [52]. TD is defined as the passing of unformed 
stools (≥ 3/24 hours according to some definitions) plus an enteric symptom 
(e.g., faecal urgency, abdominal pain, nausea, moderate to severe flatulence) 
in connection with travelling [53, 54]. It is graded from mild to severe depend-
ing on symptoms and impact on planned activities [55]. The average duration 
is four days [52]. In a meta-analysis, 5.4% of cases later suffered from post-
infectious irritable bowel syndrome (IBS) [56]. The destination of travel re-
mains the biggest risk-factor for acquiring the disease. Countries with ≥ 20% 
risk for TD in the first two weeks of travel are considered high-risk destina-
tions and are mostly located in South Asia, Africa and South America [52] 
(Figure 2). 

With traditional culturing methods, an infectious agent is only identified in 
about 15% of cases, but with more thorough diagnostics, including PCR, this 
figure increases to 60-80% [57, 58].  A large majority of the pathogens found 
are bacterial, with Enterotoxigenic- (ETEC) and Enteroaggregative (EAEC) 



 20 

Escherichia coli being the most common. Campylobacter is the third most 
common pathogen in travellers to Southeast Asia (being found in 16% of all 
samples in a meta-study) but more rare in travellers to Latin America (being 
found in 2% of all samples). Norovirus is the most common viral cause of TD 
and in a few percent of cases the pathogen is a parasite or a helminth. Mixed 
infection is also common [57].  

Interestingly, in a Finnish study that analysed faecal samples from 382 antibi-
otic-free travellers with a multiplex quantitative PCR method before and after 
their travel, a bacterial enteropathogen was detected after travel in 61% of 
those who were completely asymptomatic compared to 83% of the travellers 
who experienced or had experienced TD (and compared to 4% of all the par-
ticipants pre-travel). Diarrhea was mostly associated with presence of E.coli 
and Campylobacter [58]. Microbiota analyses were not done and the reasons 
for developing symptoms or not remained unknown.   

It is currently recommended to refrain from treating TD with antibiotics ex-
cept in severe cases, largely because this greatly increases the risk for the trav-
eller of acquiring ESBL-producing Enterobacteriaceae [54, 59]. In one study, 
23% of the travellers to the Indian subcontinent who remained healthy ac-
quired ESBL-producing Enterobacteriaceae, compared to 47% of those with 
TD who refrained from antibiotic treatment and 80% of those with TD who 
took antibiotics [60]. However, antibiotics are often used to treat TD anyway.  

Campylobacter 

Campylobacter (meaning “curved rod”) are Gram negative rods that are usu-
ally spirally curved or corkscrew shaped. The genus Campylobacter consists 
of at least 33 species (http:www.bacterio.net/campylobacter.html, last ac-
cessed February 22nd, 2021) and belongs to the family Campylobacteraceae 
in the phylum of Proteobacteria. The majority of Campylobacter spp. are mi-
croaerophilic. When exposed to stress, such as a high oxygen level or starva-
tion, Campylobacter can enter a non-culturable but viable coccoid form, thus 
making it eminently capable of surviving in the environment [61]. Most Cam-
pylobacter spp. are motile, propelling themselves with one or two polar fla-
gella and using chemotaxis to move in the right direction. Because of this, 
they can cross the intestinal mucosal layer much faster than most other entero-
pathogens. The flagella can subsequently be used as adhesins [62].  

Epidemiology and clinical picture  
Campylobacter are the most common cause of human bacterial enteritis in 
Sweden (www.internetmedicin.se, accessed Feb. 22th 2021) as well as in the 
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world (https://www.who.int/news-room/fact-sheets/detail/campylobacter, ac-
cessed Feb. 22nd 2021), with an estimated 166 million worldwide cases annu-
ally [63]. In EU alone, over 246 000 cases are reported annually with the ac-
tual number believed to be close to nine million, and costs estimated to € 2.4 
billion every year [64]. In Sweden, 6 693 cases were reported in 2019 and 56 
% were infected abroad, reversing a previous trend of increasing domestic in-
fections which in turn coincided with an increased number of Campylobacter-
colonized chicken flocks (www.folkhalsomyndigheten.se, accessed Feb. 22nd 
2021). Campylobacter jejuni and Campylobacter coli cause almost all human 
infections.   

Campylobacter are part of the microbiota of many domestic and wild animals, 
such as poultry, pigs, cattle, sheep, wild birds and even flies and slugs [65-
70]. Campylobacteriosis is a zoonotic disease that is mainly transmitted via 
handling and eating raw or undercooked meat, especially from poultry. 
Among the reasons for this strong connection to poultry are the high amount 
of Campylobacter often present in the chicken caeca, the fact that the optimal 
temperature for bacterial growth of C. jejuni coincides with the body temper-
ature of the chicken (42°C), as well as the process of water chilling of chicken 
carcasses in the abattoir. This facilitates survival of Campylobacter that are 
otherwise sensitive to desiccation [71]. Other routes of infection are consump-
tion of unpasteurized milk [67] and untreated drinking water, and by swim-
ming in natural waters [72, 73]. The infectious dose of Campylobacter is low, 
less than 1000 CFU can cause disease [74, 75].  

The symptoms of campylobacteriosis are normally watery diarrhea, fever and 
abdominal cramps and in more severe cases bloody stools, vomiting and, oc-
casionally, bacteraemia [76]. The severity of symptoms varies a lot from case 
to case and the reasons for this are mostly unclear. However, it is well recog-
nized that a population with high exposure to Campylobacter, for example in 
the developing world, has a much higher rate of asymptomatic infection than 
a population with a lower exposure [77, 78], and that persons with an impaired 
immune system get more severe symptoms. The incubation period of the dis-
ease is between 18 hours to eight days and the duration of symptoms is usually 
3-7 days [78]. 

Campylobacteriosis can cause important sequelae. The most common is reac-
tive arthritis, which is a post infectious joint inflammation that has been shown 
to occur after about 7 % of Campylobacter cases [79]. The most feared sequela 
is Guillain-Barré Syndrome (GBS), an autoimmune disease that causes flaccid 
paralysis of the limbs and sometimes also of the respiratory muscles. About 
30% of GBS-cases are deemed to be caused by Campylobacter infection, mak-
ing it the biggest known cause of the disease [80]. Campylobacteriosis is also 
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a common cause of post-infectious IBS [81]. The reasons why some individ-
uals but not others develop sequelae after infection are not known. 

Pathogenesis 
The pathogenesis of Campylobacter is a multifactorial process where most of 
the factors are still unknown, partly because of the lack of ideal animal mod-
els. Studies, primarily of C. jejuni, have revealed several putative pathogene-
sis factors, however. As mentioned, the high motility (~ 40 µm/second) of the 
bacteria through the mucus layer, made possible by the corkscrew shape and 
one or two polar flagella, is vital [82, 83]. The preferred colonization niche of 
C. jejuni is considered to be the inner mucus layer of the lower gastro-intesti-
nal tract, where the oxygen level (~3-10%) as well as the available nutrients 
are optimal for growth and replication [82, 84]. Adhesion to the epithelial cell 
is regarded as a crucial pathogenic step. It is mediated by several proteins, 
such as the Campylobacter adhesion to fibronectin protein (CadF) [85] and  
fibronectin-like protein A (FlpA) [86]. CadF and FlpA, who seem to act in an 
additive manner [87], bind the bacteria to the glycoprotein fibronectin. Fibron-
ectin is located in the extra cellular matrix in close proximity to the basolateral 
membrane of the intestinal epithelial cells and is connected to actin bundles 
inside the cell through dynamic protein complexes called focal adhesions 
(FAs). The binding of the bacteria to fibronectin initiates a signalling cascade 
that leads to the reorganization of the actin making up the cytoskeleton, form-
ing protrusions of the cellular membrane that facilitates the invasion of the 
bacteria [87-89]. However, this is not the only adhesion mechanism. Despite 
many studies, it is still not clarified exactly how the bacteria reaches the baso-
lateral surface of the cell [88, 90]. Furthermore, for the invasion into the cell 
to succeed, other factors need to be present. Campylobacter invasion antigen 
(Cia) is one identified factor that seems to be crucial [71]. Cia proteins (e.g., 
CiaA, CiaB, CiaC, CiaD) are secreted into the host cell by the flagella [91]. 
The invasion associated marker (iam) is also a genetic element that has fre-
quently been associated with more invasive isolates. However, its exact func-
tion and role in pathogenesis are still unclear [92].  

Like several other gram-negative bacteria, Campylobacter usually produces 
the cytolethal distending toxin (CDT). CDT blocks the cells from entering mi-
tosis. It consists of three parts (CdtA, CdtB, CdtC), all of which must be active 
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for the toxin to be functional [71]. Also important seem to be Lipooligosacha-
rides (LOS), which are major glycolipids and parts of the cell surface of Cam-
pylobacter. They have a wide diversity and have been suggested to be in-
volved in the ability of Campylobacter to evade the host immune system and 
to colonize host cells [78, 93]. Some studies have suggested that Campylobac-
ter with sialylated LOS are more invasive [93]. This could be because they 
resemble gangliosides found on human neurons, which might help the bacteria 
evade the immune system. Auto-immune cross-reaction with gangliosides by 
the antibodies that are eventually produced can lead to GBS [82].  

However, the exact importance of these and other putative virulence factors 
are far from clear, especially regarding their importance for the clinical pic-
ture. In some studies, highly invasive isolates of Campylobacter had a dis-
rupted CDT and lacked several virulence traits, including LOS sialylation 
genes [94-96]. Thus, more studies are needed.  

Antibiotic resistance 
Even though antibiotics are normally not required to treat campylobacteriosis, 
resistance against antibiotics is becoming an increasingly important global 
problem for those severe cases when they are needed. This follows the general 
global trend of increasing antibiotic resistance in bacterial pathogens, and can 
in the case of Campylobacter be connected to the widespread use of quin-
olones as growth promoters and treatments for animals [97, 98], as well as the 
widespread use of often unnecessary antibiotics to treat human cases [99]. 
Fluoroquinolones (e.g. ciprofloxacin) were for a long time the first-line treat-
ment for Campylobacter, but resistance is now so common (75-90% in studies 
from many parts of the world and 29 % in the USA in 2017) [99] that macro-
lides (e.g. azithromycin) are currently used as first-line treatment in most parts 
of the world. However, macrolide-resistance is a growing concern as well, and 
in many countries such as China and Peru, treatment effect is far from guar-
anteed. For severe systemic infection, aminoglycosides and carbapenems can 
also be used [99].  

Fluoroquinolone resistance is often caused by point mutations in genes coding 
for bacterial DNA gyrase and leading to amino acid substitution in DNA gy-
rase, which is one of the main targets of the antibiotic [100]. Macrolides in-
hibit synthesis of bacterial proteins, and resistance against macrolides is often 
caused by changes in 23S rRNA nucleotides that prevent the antibiotic from 
binding to its target on the bacterial ribosome [98]. Both fluroquinolone- and 
macrolide resistance can also be caused by a multidrug efflux pump, often 
working in synergy with the other mechanisms of resistance [98]. Resistance 
to tetracyclines is widespread in C. jejuni and C. coli and is conferred by the 
tet(O) gene, often located on a self-transmissible plasmid [98]. 
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WHO considers antibiotic resistant Campylobacter as one of the high-priority 
pathogens on its list for developing new antibiotic therapies [101], and alter-
native ways of prevention and control are in great demand; including pre- and 
probiotics [99].  

Laboratory diagnosis 
For routine clinical diagnosis, stool samples are cultivated on selective growth 
medium. In Gram staining, catalase and oxidase positive colonies show Gram 
negative curved rods with a typical, “gull wings”, appearance. Most, but not 
all, C. jejuni are positive for hippurate and can thus be distinguished from C. 
coli [78]. Matrix-assisted laser desorption ionization-time of flight mass spec-
trometry (Maldi-ToF MS) is most often used to identify the isolates to the 
species level.  

PCR-based methods are increasingly available and make it easier to detect 
species other than C. jejuni and C. coli. However, when a PCR-based method 
was compared with conventional culturing, no significant difference between 
the number of positive samples was shown [102]. Multiplex PCR that detects 
a wide range of different enteropathogens, including Campylobacter, has nev-
ertheless become more and more common in clinical laboratories [103].  

The detection of specific antibodies of immunoglobulin A, IgG and IgM clas-
ses in serum by e.g. enzyme-linked immunosorbent assays (ELISAs) can also 
identify Campylobacter infection [104]. Serological methods are not currently 
used in Sweden but could reveal a previous infection in patients with late se-
quelae.  

Multi Locus Sequence Typing (MLST) 
The population structure of C. jejuni and C. coli is typically described using 
Multi Locus Sequence Typing (MLST). This method was originally proposed 
for Neisseria meningitidis in 1998 as a typing approach enabling the clear 
characterization of bacterial isolates in a reproducible, portable, and standard-
ized manner in order to, e.g., better follow the epidemiology and identify more 
pathogenic strains. It had the added advantage that the data could be easily 
shared via the internet [105]. MLST was soon widely accepted for a number 
of bacteria and has been used for typing Campylobacter since 2001. It is based 
on the sequencing of seven essential genes found in all isolates (house-keeping 
genes). Isolates sharing all seven genes are thus very closely related and share 
the same sequence type (ST) [106]. Currently, over 11 000 STs are identified 
and accessible online in the PubMLST database (http://pubmlst.org/campylo-
bacter, last accessed Feb22nd, 2021). 
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Closely related STs sharing alleles at least at four of the seven MLST loci are 
grouped into the same clonal complexes (CC), which are named after one of 
the constituting STs. An interesting feature of C. jejuni population biology is 
that some CCs are considered generalists, capable of colonizing a large variety 
of hosts worldwide, whereas others are specialists that are host- or niche-spe-
cific, and often limited to a specific geographic region [107-109]. ST21CC 
and ST45CC are the most common clinically relevant CCs of C. jejuni and are 
considered generalists [110]. Another striking factor is how different isolates 
of C. jejuni can vary so widely in genotypic and phenotypic properties, includ-
ing pathogenicity [82, 111].   

Models for in vitro infection 
As suitable animal models are few, in vitro infection models are useful for 
studying the pathogenesis of Campylobacter. It is important to choose a cell 
line suitable for the intended experiment. Lines of intestinal epithelial cells 
forming tight- and adherent junctions between adjacent cells are, e.g., needed 
when studying translocation of Campylobacter over the epithelium. Examples 
include T84 and Caco-2 cells, as well as HT-29 colon cancer cells, which have 
been used to study reactions involving the intestinal epithelium since 1964 
[90, 112-114]. It is important to note that most culturable cell lines lack a mu-
cus layer [90]. 

The standard method for measuring the adherence of Campylobacter to cul-
tured epithelial cells is the CFU-based adherence (CBA) assay. In this, bacte-
ria are added to cells at a defined multiplicity of infection (MOI), which is the 
ratio of bacteria per cell. Non-adherent cells are removed by washing, before 
the cells with adherent and invaded bacteria are lysed. The lysate is serially 
diluted and placed on agar plates to enumerate the bacteria [90, 115]. Further-
more, if the antibiotic gentamicin (having a very limited ability to enter eukar-
yotic cells) [113, 116] is added to the cell cultures infected with Campylobac-
ter, it will kill all the extracellular bacteria associated to the cells. Only the 
ones that have successfully invaded intracellularly will remain alive and be 
available for counting as described above [90, 113].  

To evaluate the virulence of Campylobacter isolates, it is also common to 
measure the levels of the proinflammatory cytokine interleukin 8 (IL-8). IL-8 
is produced by many different cell types, including epithelial cells. Adherence 
and invasion of C. jejuni, as well as its cytolethal distending toxin (CDT), can 
induce a quantifiable IL-8 response in cell cultures [117, 118].  
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Campylobacter and the microbiota  
Campylobacter are not part of the normal intestinal human microbiota, but a 
person can be infected without developing symptoms. In a previous study by 
members of our group, and for the first time in humans, we could show that 
the composition of the faecal microbiota plays a role for the risk of getting 
infected with Campylobacter. When prospectively following highly exposed 
workers in a poultry abattoir over time, we could see that those who became 
infected (often asymptomatically) with Campylobacter had significantly 
higher abundances of certain genera (Bacteroides, Escherichia, Phascolarc-
tobacterium, Odoribacter and Streptococcus) than those who remained unin-
fected [119]. 

In animal studies immunocompetent, adult mice are naturally resistant to 
Campylobacter and can only be transiently colonized, nearly always without 
symptoms. As early as in 1984, Field and colleagues demonstrated that the 
murine microbiota played a large part in the colonization resistance to Cam-
pylobacter [120]. In one much later study, mice with a humanized intestinal 
microbiota could be successfully colonized with C. jejuni and this coloniza-
tion also resulted in inflammation [121]. In another study, different types of 
mice were inoculated with C. jejuni and those with a normal microbiota were 
compared with mice with a controlled, limited microbiota with and without 
concurrent immunodeficiency. The normal mice were only transiently colo-
nized with C. jejuni but the ones with a controlled microbiota were consist-
ently colonized for several weeks. The mice with a controlled microbiota and 
immunodeficiency were colonized for over eight months and showed severe 
colitis at autopsy [122]. In two other murine studies, elevated numbers of in-
testinal E. coli reduced resistance to colonization of C. jejuni and could result 
in a Campylobacter-induced colitis, similar to campylobacteriosis in humans, 
as well as inflammatory responses in other organs [123, 124]. Recently, 
Heimesaat et al showed that repeated faecal transplantation of normal murine 
microbiota to Campylobacter-infected mice with humanized intestinal micro-
biota significantly decreased the amount of intestinal Campylobacter, as well 
as the inflammatory response [125]. Another interesting study suggested that 
the microbiota-induced conversion of intestinal bile salts to secondary bile 
salts did not affect the viability of C. jejuni in the intestinal lumen but did 
clearly reduce the ability of C. jejuni to invade the intestinal mucosa of IL-10 
deficient mice and to induce colitis [126].  

Several studies also show that the composition of the caecal microbiota of 
broiler chickens influences the risk for [127, 128], and magnitude of [129], 
colonization of Campylobacter; with high abundances of Enterobacteriaceae 
and low abundances of Lactobacillus possibly being connected to a higher 
colonization rate of Campylobacter [129, 130].  
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Comparative genome sequence-, metabolome- and transcriptome-analyses 
combined with animal infection models have revealed a few of the myriad of 
underlying factors behind the interactions between C. jejuni and the surround-
ing microbiota. There is sharing of nutrients, and the microbiota also produces 
many metabolites (such as lactate, formate, hydrogen, gluconate) that respir-
atory systems in C. jejuni use as essential electron donors and -acceptors. C. 
jejuni also relies on bacteria in the microbiota to help it acquire vital iron 
[131]. A recent study also found that some of the metabolites provided by the 
microbiota can be sensed by C. jejuni and enable bacteria to identify spatial 
niches in the intestinal tract where the conditions are best suited for coloniza-
tion [132].  

Colonization resistance  
The concept of colonization resistance (CR), i.e., the ability to prevent and 
limit pathogen colonization and growth, and the vital role of the microbiota, 
has been known for over 50 years [133]. Due to the recent enormous advances 
in sequencing technology, more detailed analyses are now possible. Many an-
imal and human studies have confirmed the important role that the intestinal 
microbiota plays in CR and shed light on several mechanisms. Among mech-
anisms identified are blocking pathogens from attaching to their target site, 
competing for nutrients and micronutrients such as iron (especially relevant 
for bacterial isolates belonging to the same species as the pathogens), produc-
ing antimicrobial products such as Short Chain Fatty Acids (SCFAs), second-
ary bile acids and bacteriocins. They also utilize most available oxygen, 
thereby creating an anaerobic and capnophilic environment [16, 62, 134].  

Studies have also started to reveal some strategies that different enteropatho-
gens use against CR. For example, Salmonella Typhimurium induces intesti-
nal inflammation, thereby increasing the oxygen-level, which the bacterium 
(a facultative anaerobe, unlike most of the strictly anaerobic bacteria in the 
microbiota) then utilizes to ferment carbohydrates through respiration. The 
inflammation also reduces the amount of butyrate-producing bacteria in the 
intestinal microbiota. This makes the enterocytes switch from metabolising 
butyrate to using glycolysis instead, with lactate as the end product. Lactate is 
in turn an important nutrient for S. Typhimurium. Thus, the bacterium gives 
itself a distinct competitive advantage [62, 135]. 

That the microbiota is important for colonization resistance is also demon-
strated by the practice in poultry farming known as competitive exclusion. By 
orally establishing an adult-type intestinal microbiota in newly hatched 
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chicks, these develop a remarkably high resistance to colonization by Salmo-
nella. The protective effect against Campylobacter, however, is at best varied 
[136-140].  

Clinical human applications of CR are also possible, most notably the highly 
successful treatment with faecal transplantation against severe, recurrent C. 
difficile-diarrhea [141]. However, the dynamics involved in CR are very com-
plex, and much is still unknown.  

Probiotics  
The scientifically accepted definition of probiotics is: “live microorganisms 
that, when administered in adequate amounts, confer a health benefit on the 
host” [142, 143]. Despite an immense increase in knowledge and scientific 
interest in this subject during the last twenty years, the exact mechanisms be-
hind these beneficial actions are in large parts still unknown. What is clear is 
that they involve complex, heterogenous interactions with both the host cells 
and the host microbiota. Probiotic bacteria facilitate these interactions via mo-
lecular effectors that are secreted as metabolic products, or present on the bac-
terial cell structures [144, 145]. Regarding host cells, probiotic effector mole-
cules can interact with receptors in intestinal epithelial, enteroendocrine and 
immune cells, as well as in vagal afferent fibres. This can produce local effect 
in the gut such as increased mucin-production, enhanced intestinal barrier in-
tegrity and inflammation (e.g. via Toll-like receptors) [144, 146] (Figure 3). 
It can also greatly influence the formation of the immune-system [146] and 
have other systemic effects through host endocrine- and CNS-mediators [144, 
145]. The most common probiotic microorganisms are lactobacilli, bifidobac-
teria and the yeast Saccharomyces boulardi. 
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Figure 3. Some proposed mechanisms of action of probiotic bacteria. 
1= Competitive exclusion of enteropathogens. 
2 = Production of bacteriocins. 
3 = Interaction with epithelial cells through receptors and secreted 
 molecular effectors.  
4 = Facilitating changes in the gastrointestinal environment. 

  Created with BioRender.com  

Probiotics, the microbiota and colonization resistance 
Probiotic bacteria and their metabolites can interact with the intestinal micro-
biota through competitive exclusion and compete for binding sites and nutri-
ents. They can also affect changes in the gastrointestinal environment (such 
as lowering of the pH-level by the production of organic acids) and produce 
directly anti-bacterial products such as bacteriocins [144, 145, 147] (Figure 
3). Furthermore, probiotic bacteria can also sometimes metabolize ingested 
xenobiotics and host-produced bile-salts [144, 145].  
 
To have a beneficial effect on the host, it might not be necessary for probiotic 
bacteria to successfully colonize the intestinal tract, which indeed few have 
consistently proved to do [143, 148]. Nor do probiotics seem to measurably 
influence the general composition of the faecal microbiota, as regards alpha-
diversity, evenness, or richness [18, 148, 149]. Individual bacterial species 
have clearly been seen to be affected by probiotic supplements, as well as the 
transcriptional capacity of the mucosal microbiota [18]. Two recent thorough 
and prospective studies, which combined repeated faecal and endoscopic sam-
ples from human volunteers consuming an 11-strain probiotic, or placebo, 
with murine and in-vitro analyses, elegantly showed the high significance of 
the individual microbiota for probiotic effect [18, 150]. Reducing colonization 
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resistance with broad-spectrum antibiotics made the subjects very susceptible 
to mucosal colonization of the probiotic bacterial strains [150]. The probiotic 
also, however, seemed to drastically prolong the recovery of the microbiota to 
the pre-antibiotic situation compared with placebo, or with autologous faecal 
microbiota transplantation. In-vitro analyses showed inhibitory effects of the 
probiotic Lactobacillus on the microbiota [150]. Moreover, in non-antibiotic 
treated humans and mice, levels of colonizing probiotic bacteria were much 
higher in the intestinal mucosa compared to in the faecal samples, indicating 
that transient probiotic colonization might indeed be more common than pre-
viously thought. The extent of successful colonization in humans was also ex-
tremely individual, with some study persons being completely resistant to pro-
biotic colonization and others being very permissive to it. The original com-
position of the microbiota, both in the mucosa and to a lesser extent in the 
faeces, could interestingly enough also be seen to significantly differ between 
these “resistant” and “permissive” individuals. When germ-free mice were 
subsequently given base-line stool from either “resistant” or “permissive” in-
dividuals, and then given probiotics for four weeks, the mice given “permis-
sive” stool were also significantly more colonized than those given “resistant” 
stool [18]. 

Properties, problems and clinical effects 
Given the factors mentioned above, it is not hard to understand that the effect 
of any given probiotic is very much dependent on which species of bacteria it 
constitutes, and also sometimes (but not always) on included subspecies and 
strains, as many of the probiotic effector molecules mentioned above, e.g., are 
strain-specific [143, 144, 151]. Furthermore, the effect is dependent on the 
disease or condition in question, as well as on the dosage given [143, 151]. A 
Cochrane-report on probiotics for preventing antibiotic-associated diarrhea in 
children showed a statistically significant association between dosage and 
clinical effect, where 5 billion CFUs or greater per day formed as a cut-off, 
and additionally increasing dosages also resulted in better clinical end-points 
[152]. The optimal dosage, however, can probably also depend on the probi-
otic being used [143], or even sometimes be different depending on which 
effect that is desired [151].  

Which microbial strains that are combined in a probiotic product is also im-
portant, as interactions between them can greatly affect their activities [151]. 
Many researchers also stipulate that combining the probiotic with one or sev-
eral prebiotics (a non-digestible substrate that is selectively utilised by host 
microorganisms, conferring a health benefit) can substantially enhance the 
beneficial activity [144]. The main by-products of bacterial prebiotic metabo-
lism are normally the SCFAs acetate, butyrate and propionate. As mentioned 
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earlier, they mediate many important functions in the host and in the microbi-
ota, as well as interact with pathogenic and probiotic bacteria [144, 153]. This 
combination product is also known as a synbiotic [144]. 

Of course, it is also important that the probiotic bacteria used are appropriate 
for mass-production, storage, ingestion etc., without losing their viability or 
presumptive disease modulating abilities [143] in the process.  

The main tool for evaluating probiotics can thus, quite simply, be said to be 
their proven clinical benefit [151]. Many studies have been made of the effects 
of probiotics on gastrointestinal diseases. Even so, it is often hard to draw firm 
clinical conclusions as the studies have been extremely varied. They often, 
e.g., differ in the species and strains of constituting microbes, dosages, dura-
tions, routes of administration and often in research methodologies [151, 154, 
155]. Furthermore, the number of investigated patients is usually quite small, 
and meta-analyses can be misleading if studies are grouped inappropriately 
regarding the criteria mentioned above. Some recent large studies also call 
into question the clinical relevance for certain conditions, such as infection- 
and antibiotic associated diarrhoea, where using probiotics is already quite 
common [151, 156]. Another concern is also the risk for publication bias, pos-
sibly indicated by the fact that multiple registered clinical trials never become 
linked to published reports [151]. 

However, probiotics are very common and very popular. The global market 
size for probiotics was estimated at USD 48.38 billion in 2018 
(www.grandviewresearch.com/industry-analysis/probiotics-market , accessed 
Feb 27th, 2021). In the US, it is estimated that 3.9 million adults consume pro- 
or prebiotics, while approximately 60% of healthcare providers prescribe pro-
biotics to patients. The stated reasons given by healthy individuals to take a 
probiotic include relief of gastrointestinal problems, “fortification” of the im-
mune system, protection against infectious diseases and furtherance of well-
being [18].  

There is no binding legal definition of probiotics [143], and since they are not 
considered drugs in Europe or the US the regulation of the market is very 
varied [151]. Consequently, probiotics are widespread and lucrative, but the 
evidence for clinical efficacy is often confusing [157]. Nevertheless, evidence 
of clinical efficacy is increasing in many situations. For example, one well-
respected study found that giving an oral synbiotic (Lactobacillus plantarum 
plus fructooligsaccharide) to rural Indian new-borns for 7 days significantly 
reduced the incidence of sepsis and death compared to placebo [158]. Recent 
high-quality clinical guidelines also recommend the use of defined probiotics 
for prevention of C. difficile infection in adults and children being treated with 
antibiotics [151, 155], for treating adults and children with pouchitis, and for 
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prevention of necrotizing enterocolitis (NEC) in preterm, low birthweight in-
fants [151]. Most current probiotics are considered safe by both regulatory 
authorities and clinical guidelines even though caution is advised in, e.g., pre-
term infants or patients who are critically ill or immunosuppressed [144, 154, 
155].  

Recent findings have emphasized the relevance of interactions between the 
microbiota and probiotics [18, 150]. There are continuous high scientific and 
clinical hopes that increased knowledge, and ongoing developments in 
microbiome science and technical computing power, will lead to more 
efficient and individualised probiotics in the near future [18, 144]. The need 
for high-quality randomised clinical trials is also emphasized [151]. 

ESBL-producing Enterobacteriaceae (EPE) 
Extended spectrum β-lactamases (ESBLs) are bacterial enzymes that degrade 
β-lactam antibiotics, such as penicillins and third generation cephalosporins, 
(e.g. cefotaxime and ceftriaxone) rendering these extremely vital antibiotics 
useless [159]. ESBLs are frequently found on plasmids that can easily be 
shared between related bacteria. These plasmids also often carry genetic ele-
ments conferring resistance to other antibiotic groups such as fluoroquin-
olones and aminoglycosides [160]. The bacteria Pseudomonas aeruginosa can 
harbour ESBLs [161], but the enzymes are most widely shared within the En-
terobacteriaceae-family. Enterobacteriaceae belong to the phyla Proteobac-
teria, the class Gammaproteobacteria and the order Enterobacterales. They are 
gram-negative, non-spore forming facultative anaerobes commonly found in 
the environment and in the lower gastro-intestinal canal of many animals, in-
cluding humans. They are rod-shaped, mostly motile, and commonly have 
surface appendages such as flagella and pili. Most importantly, Enterobacte-
riaceae include very important human pathogens such as E. coli, Klebsiella 
pneumoniae and Salmonella enterica [162].   

There are many different ESBLs and other β-lactamases, and several ways of 
classifying them. The classification system introduced by Bush, Jacoby and 
Medeiros [163] is based on functional, hydrolytic properties, and the one in-
troduced by Ambler [164] is based on their molecular structure. In Sweden 
and Norway, the somewhat more pragmatic and clinically oriented classifica-
tion system proposed by Giske et al in 2009 is used [165]. This divides ESBLs 
into three main groups. ESBLA are “classic” ESBLs that are inhibited by 
clavulanic acid in vitro. ESBLM (where M stands for “miscellaneous”) include 
the plasmid-encoded AmpC, which is not inhibited by clavulanic acid in vitro. 
ESBLCARBA are capable of hydrolysing carbapenems as well as third genera-
tion cephalosporins [165]. This last group is a very worrying problem, since 
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carbapenems are the only really effective drugs to treat infections caused by 
ESBL-producing bacteria. The classification system described by Giske et al 
is used in this thesis.  

For clinical routine in Sweden, a bacterial strain is characterized as ESBL-
producing if it is resistant in vitro against one or more of the third generation 
cephalosporins and is positive in phenotypical and/or genotypical beta-lac-
tamase tests [166]. The most used phenotypic test is the MAST test (Mast 
group Ltd, Liverpool, England). In this, a bacterial strain suspected of produc-
ing ESBL is incubated overnight in the presence of the third-generation ceph-
alosporin cefpodoxime alone, with the addition of clavulanic acid (which in-
hibits ESBLA in vitro), or cloxacillin (which inhibits AmpC in vitro), or both. 
Depending on its susceptibilities to these combinations, it is possible to inter-
pret whether the strain carries ESBL, AmpC, both (which is not uncommon), 
or neither. If the MAST test is difficult to interpret, and also in order to sepa-
rate e.g. plasmid-encoded AmpC (which counts as an ESBLM) from chromo-
somally-encoded AmpC (which does not) in E. coli, it is complemented by a 
genotypical test such as a PCR.  
 
Currently, the European Committee on Antimicrobial Susceptibility Testing 
(EUCAST) recommends the term ESBL-producing Enterobacterales for EPE. 
However, this nomenclature was not in place during the planning stage of our 
study, and all the ESBL-producing bacteria in the study belonged to Entero-
bacteriaceae. Thus, in this thesis, to avoid confusion EPE signifies ESBL-
producing Enterobacteriaceae.  

Global prevalence  
The emergence and spread of EPEs can be correlated to the introduction of 
cephalosporins in health care settings [167]. Infections due to these resistant 
bacteria constitute a very well recognized, enormous, global problem, and re-
lates to high morbidity, mortality, and cost [168-172]. The prevalence is une-
venly distributed over the world, both in health care settings and in the com-
munities at large. Studies and national reporting vary in number and accuracy, 
but an estimation derived from WHO data from 2014 is that over 50% of clin-
ical isolates of E. coli were ESBL-producing in regions and countries such as 
China, South-East Asia and Ethiopia; 25-50 % in central and northern Africa, 
Mexico and the Andean countries; and 10-25% in the USA and most of South 
America [173]. In Europe, the situation is monitored by the European Centre 
for Disease Prevention and Control (ECDC) and the data is much better. For 
example, for 2019, the rates of cephalosporin resistant invasive strains of E. 
coli ranged from around 39 % in Bulgaria to 31 % in Italy and 7 % in Norway 
and the Netherlands. In Sweden, the rate was 7.8 % (compared to 3.6 % in 
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2011) and Sweden is considered a low-endemic country (https://atlas.ecdc.eu-
ropa.eu, accessed Feb 28th, 2021). The situation in Skåne (where our study 
was undertaken) is comparable to the rest of the country.  

Not surprisingly, international travel to high endemic areas is one of the main 
risk factors for acquiring EPE, especially if combined with taking antibiotics 
and/or having travellers´ diarrhea [54, 60, 174-177]. Some other independent 
risk factors for hospitalized patients to acquire EPE are antibiotic therapy and 
old age [178], and recent urological intervention is a risk factor for being a 
prolonged carrier [179].  

Colonization and infection 
EPE are spread by faecal-oral transmission and in humans normally reside in 
the lower intestines [15]. However, acquiring EPE in the intestines is not the 
same thing as being successfully colonized by them. In fact, most travellers 
seem to lose them again within a few months [177], at least if judging by ad-
mittedly unreliable faecal cultures. Colonization by EPE is also by itself not 
symptomatic, and the risk for a particular individual to develop serious infec-
tions caused by the bacteria is fairly low [180, 181]. On the other hand, prior 
intestinal colonization is widely accepted to be an almost necessary condition 
for developing an invasive infection by EPE [182]. It has also been observed 
that having a previous culture with EPE from a normally sterile body site such 
as urine or blood also drastically increased the risk for a subsequent invasive 
EPE infection [181].     

EPE and probiotics 
Given the importance of gastrointestinal colonization in order to develop se-
vere EPE-infections, many studies have been done on eradication therapies. 
Most have focused on antibiotics. Unfortunately, systemic antibiotic therapy 
does not seem to effectively eradicate colonization by EPE, and oral antibiot-
ics with only intra-intestinal effect might even possibly increase antibiotic re-
sistance [183-186]. Decolonization by means of faecal transplantation is being 
studied, and some successful results have been reported [186]. However, the 
data is still severely limited and recent European guidelines as to decoloniza-
tion of multidrug-resistant gram-negative bacteria carriers can give no treat-
ment recommendations at all, considering the insufficient evidence [186].  

Regarding oral probiotic therapy as a method for eradicating multidrug-re-
sistant intestinal bacteria, results so far are inconclusive [187]. Two small hu-
man studies seem to show good effect in eradicating intestinal carriage of van-
comycin-resistant enterococci by treatment with the oral probiotic bacteria 
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Lactobacillus rhamnosus GG [188, 189], but follow-up was limited. When it 
comes to gram-negative bacteria the results are less promising. One random-
ized controlled trial (RCT) from New Zealand could not see any reduction in 
baseline carriage of fluoroquinolone-resistant E. coli in 36 elderly residents in 
long-term care facilities who were given the oral probiotic Mutaflor® (E. coli 
strain Nissle 1917) for five weeks, compared to 33 who were given placebo 
[190]. In another RCT from Brazil, a short course of a synbiotic product (con-
taining Lactobacillus bulgaricus, Lactobacillus rhamnosus and fructo-oligo-
saccharides) given for 2-7 days to 48 hospitalized adults colonized by gram-
negative multi-drug resistant (MDR) bacteria, failed to see any effect on col-
onization compared to 53 patients who received placebo. There are many lim-
itations to this study, however, including the fact that 72.9% of patients in the 
treatment arm received concurrent antibiotics with effect on probiotic as well 
as MDR bacteria [191]. In vitro, Lactobacillus plantarum, L. paracasei and L. 
acidophilus, all included in Vivomixx®, have shown inhibitory-effects 
against EPE [192]; as has also the related Lactobacillus casei Shirota [193]. 

In the context of decolonization of EPE it is also important to remember that 
the cure should not be worse than the disease. In highly endemic regions, for 
example, decolonization is probably not desirable since the risk for recoloni-
zation is extremely high. As colonization by itself is not harmful, it is also 
important that the treatment taken is fully accepted by the patient and has no, 
or only few, side effects. However, the concept itself is highly appealing, es-
pecially in low-endemic regions and for vulnerable populations such as the 
immuno-suppressed. Probiotics have many advantages in this regard. The ex-
isting products are very well tested, generally safe, and well accepted by the 
general public, improving patient compliance. Their mode of administration 
is probably also more suited to large-scale treatment in comparison with, e.g., 
faecal transplantation. Consequently, the need for new RCTs investigating 
probiotic eradication of EPE are emphasized [144, 186, 187, 194, 195].     

In this regard, the probiotic product Vivomixx® that we use in our study has 
many advantages. Previously known as VSL#3, it is one of the most studied 
probiotics and is sold all over the world. It contains 8 different living bacterial 
strains: L. plantarum, L. paracasei, L. acidophilus, L. delbrueckii sp. bulgar-
icus, Bifidobacterium longum, B. infantis, B. breve and Streptococcus ther-
mophilus. It has been shown to reduce intestinal and systemic inflammation 
in murine models infected by C. jejuni [196] and showed benefits in human 
RCTs for treating or preventing several gastro-intestinal disorders, including 
the treatment of pouchitis. For this it is currently recommended by the Amer-
ican Gastroenterological Association, albeit with a low quality of evidence 
[151]. 
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Aims  

We intended to study the interactions between the human bacterial intestinal 
microbiota, pathogenic intestinal bacteria, and clinical symptoms in the con-
text of international travel as well as benefits of certain probiotics in intestinal 
colonization of multidrug resistant bacteria.   

Studies of mice have indicated that the specific species composition of the 
intestinal microbiota affects susceptibility to C. jejuni. In the first study in hu-
mans, researchers from our group could show that this was also true of poultry 
abattoir workers, who were highly exposed to Campylobacter. Therefore, we 
wanted to investigate if the same was true of another highly exposed group: 
international travellers to countries with a high risk for Campylobacter infec-
tion. Moreover, a second aim was to investigate if Campylobacter infection in 
its turn had an impact on the intestinal microbiota, and also whether interna-
tional travel as such affected the composition of the microbiota.  

Furthermore, we intended to analyse the Campylobacter isolates cultivated 
from the travellers to see whether bacterial characteristics could be related to 
clinical symptoms, and if these symptoms could possibly be associated with 
the composition of the intestinal microbiota, or other individual information 
available.  

Finally, we wanted to see if the intestinal microbiota could be safely manipu-
lated with probiotics to provide clinical benefits to patients. This was studied 
in a randomized, placebo-controlled, single-blinded clinical trial where estab-
lished carriers of ESBL-producing Enterobacteriaceae were treated with the 
known probiotic product Vivomixx ®.  
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Material and methods 

Paper I, II and III 
Study persons 
We aimed to recruit healthy Swedish adults about to travel in a group to a 
destination with a high probability of being infected with Campylobacter or 
other enteropathogens. The study persons should travel in a group of at least 
three individuals in order to potentially make comparisons within the group, 
and in order for their activities and diets during the trip to be fairly similar to 
each other. The exclusion criteria were a diagnosis of inflammatory bowel 
disease, age below 18 years or above 65 years, and residency outside Sweden.  

A total of 16 travellers were recruited through open advertisement (3 travelled 
to Turkey, 4 to Egypt and 3 to Tunisia on “normal” one-week vacations 
whereas 6 travelled on an all-inclusive two-week trip to Curaçao). To expand 
the group, 22 students were also recruited before they travelled on a two-week 
course to Dhaka, Bangladesh. Moreover, a total of 32 students were recruited 
before they travelled on a volunteer-program to Ecuador or Tanzania. (7 trav-
elled to Ecuador and 3 to Tanzania the first year, and 17 travelled to Ecuador 
and 5 to Tanzania the second year.) The majority of these 32 students were 
vegetarian or vegan, and they lived and ate exclusively vegetarian meals to-
gether in a communal house in rural Sweden for several weeks before and 
after travelling. They spent their trips (11-18 weeks) living, eating and work-
ing with the locals in the countryside. To take account of the big differences 
in exposure to enteropathogens caused by these different modes of travelling, 
we subsequently named the first 16 travellers “tourists” and the remainder 
“volunteers” (Table 1). Three persons dropped out of the study before deliv-
ering any samples, leaving 67 participants in the study.  
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Table 1. Characteristics of the 67 travellers included in the study. (PPI = con-
sumption of Proton Pump Inhibitor, BMI = Body Mass Index, Dukoral=consump-
tion of oral cholera vaccine)  
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Faecal samples 
The study persons delivered two faecal samples in parallel at two different 
times before travelling (median 12 and 2 days before departing, respectively), 
once immediately after returning to Sweden (median 3 days) and two more 
times as follow-ups (median of 13 and 63 days after returning), respectively. 
Four more people dropped out of the study during this process, leaving 63 
participants who completed the study (Flowchart 1). The faecal samples were 
taken by the subjects in their home and mailed to the laboratory. Instructions 
were given that they should not be mailed before a weekend. Upon arrival, 
one of the samples was immediately cultured according to clinical routine for 
Campylobacter, Salmonella, Yersinia and Shigella. The other sample was fro-
zen in -70 °C for DNA extraction at a later time. We also analysed all the 
faecal samples delivered after travelling with PCR for C. jejuni and C. coli.  

 
Flowchart 1. Study flowchart, number of study persons in some of the different 
analyses. “Tourists” indicate study persons who attended short trips (1-2 weeks) as 
tourists. “Volunteers” indicate study persons who studied/worked while abroad (for 
2-12 weeks). Analyses of the faecal microbiota were not done if the study person 
had consumed antibiotics within three months of delivering the sample.  
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Questionnaires 
For every sampling occasion, the study persons also filled in a questionnaire. 
This included open and directed questions on general health, underlying dis-
eases, medications, use of probiotics, exclusive vegetarian diet, intestinal 
symptoms, antibiotic use and other habits linked with lifestyle. Questions on 
e.g. antibiotics, probiotics, antacids and intestinal symptoms were repeated in 
every questionnaire. Participants whose bacterial cultures yielded presence of 
enteropathogens were informed of this and they also filled in a sixth question-
naire for every positive sample, which included detailed questions on the type 
and duration of intestinal symptoms, if any (see Supplementary material). 
Symptoms were scored by CK in compliance with existing clinical guidelines 
on travellers´ diarrhea [53, 54] on a scale of 1 to 5. Grade one signified no 
symptoms whereas grade five stood for the most severe symptoms. The par-
ticipants were consequently divided into two groups to facilitate comparative 
analyses. Symptoms scored as 1-2 were interpreted as minor and those scored 
as 3-5 as severe (Box 1).  

 

DNA extraction  
DNA was extracted from approximately 200 mg of faeces. We used bead-
beating to disrupt bacterial cell walls. The DNA was then isolated and purified 
using an easyMAG NucliSENS extractor off-board protocol (bioMèrieux, 
Marcy l’Etoile, France). From Campylobacter isolates, DNA was extracted 
according to the protocol above but without the bead-beating step.  

Box 1. Grading of intestinal symptoms.  
1 = None.  
2 = Mild. Slight abdominal discomfort, ≤ 3 loose stools in 24 h. No forced 
change in daily activities.  
3 = Severe diarrhea.  > 3 loose stools in 24 h plus an enteric symptom (e.g., 
nausea, faecal urgency, vomiting, abdominal pain/cramps). No significant 
forced change in daily activities. Duration ≤ 3 consecutive days.  
4 = Severe diarrhea. > 3 loose stools in 24 h plus an enteric symptom for more 
than 3 consecutive days. Forced change in daily activities and/or affected gen-
eral health. 
5 = Severe diarrhea. Bloody diarrhea and/or fever and/or severely affected 
general health.  
Grading was done based on the information provided in the questionnaires. If, 
for example, no exact faecal frequency was provided the grade was given based 
on the totality of the information and graded down.  
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16S rRNA gene analysis 
We used the 341f-805r primers, described by Hugerth et al [197], to amplify 
the V3-V4 region of the 16S rRNA gene in order to prepare amplicon sequenc-
ing libraries. A second PCR was performed to attach barcodes that allowed 
for multiplexing of samples and Illumina adapters. For sequencing, we used 
the Illumina MiSeq platform producing 2x300 bp pair-end reads. From the 
generated sequences, primer and adaptor sequences were removed and the 
paired-end read products were merged using SeqPrep version 1.1 
(https://github.com/jstjohn/SeqPrep) with default parameters and thereafter 
the merged sequences were processed with the QIIME 1.8.0 pipeline (Quan-
titative Insights Into Microbial Ecology) [44]. In order to assign sequences to 
OTUs, a closed reference OTU strategy was used. Using the UCLUST [198] 
algorithm built into the QIIME pipeline, sequences were then clustered at 97% 
identity against the Greengenes reference database [47] which produced 5917 
OTUs in the data set with an average of 20 222 reads per sample for the anal-
yses in paper I and III (range: 11 422 - 24 869) and 20 527 reads per sample 
for the analyses in paper II (range 11 306 - 24 869).  

PCR analysis of Campylobacter isolates and faecal samples 
Campylobacter isolates, originally identified by colony appearance, positive 
oxidase testing and microscopy, were further characterized by duplex-PCR 
with primers specific for C. jejuni (targeting mapA gene) and for C. coli (tar-
geting ceuE gene) [199, 200]. DNA from faecal samples collected immedi-
ately after returning home were analysed for the presence of C. jejuni and C. 
coli with the same primers.  

Further analysis of C. jejuni isolates (Paper III) 
The bacterial isolates kept at -70° C were resuscitated from frozen stocks by 
first growing overnight on blood agar (Columbia agar plates supplemented 
with 5% horse blood; Oxoid, Basingstoke, UK) and then incubated overnight 
in Brucella broth (Becton, Dickinson and Company, Franklin Lakes, USA). 
Cultures were centrifuged at 8000g for 5-10 minutes to collect bacteria. Bac-
terial total DNA was extracted using the MagNa Pure Compact Nucleic Acid 
isolation kit I (Roche, Penzberg, Germany), with version 12 of the manufac-
turer´s protocol. Nine of the 11 original isolates from the same number of 
study persons could be resuscitated. For the remaining two original isolates, 
the DNA extracted previously was used for further analyses (Flowchart 2).  

To characterize these C. jejuni isolates, whole genome sequencing was used. 
Libraries of the collected Campylobacter DNA from the 11 different travellers 
were prepared with a Nextera XT sample preparation kit (Illumina, San Diego, 
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USA), and an Illumina MiSeq platform with a 2x300 paired-end run was used 
for whole genome sequencing. Velvet version 7.0.4, running as plugin in Ge-
neious version 8.1.9, was used to assemble the single reads to contigs.  

MLST analysis of the 11 C. jejuni isolates was determined through a whole 
genome sequence query against the PubMLST database [201]. The MLST 
profiles of four of the isolates (E38, B30, B31, B44 - the last three were iden-
tical) were submitted to PubMLST for assignment since their allelic profiles 
were novel. Phylogenetic analyses were then done to confirm the MLST typ-
ing. SplitsTree was used to construct the whole genome phylogenetic trees 
[202], using ANI (average nucleotide identity) to closely related taxa calcu-
lated with the Gegenees software version 2.2.1 with a threshold of 20% [203] 
(Flowchart 2). 

 
Flowchart 2. Number of study persons with C. jejuni isolates analysed for paper III. 
CC = Clonal Complex.  

Further genomic analyses of ST353CC isolates 
For eight ST353CC isolates, closely related but simultaneously separated both 
phylogenetically and geographically (as they came from travellers infected in 
either Ecuador or Bangladesh), a new ANI-based whole genome sequence 
phylogenetic tree was constructed as described above, comparing them with 
54 human Campylobacter ST353CC sequences from the NCBI database 
[204]. 

In silico screening was then performed to identify genes previously suggested 
to have a role in virulence, and in order to investigate some of these genes 
further (cadF, flpA, iamA,ciaB,CeuE and cdt). The CLC Main Workbench 

11 culture positive for C. 
jejuni 

9 frozen C.jejuni could 
be resuscitated 

3 belonged to other CC

6 belonged to ST353CC

2 C.jejuni - DNA 
extracted previously was 
used for some analyses

2 belonged to ST353CC
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(Qiagen, Hilden, Germany) was used, with standard settings. Then, compara-
tive genomic analyses were done to identify genome regions unique for the 
isolates from Ecuador and Bangladesh, respectively. These regions were fur-
ther searched for open reading frames (ORFs), and Basic Local Alignment 
Search Tool (BLAST) was used to analyse the corresponding amino acids. 
The BLAST Ring Image Generator (BRIG) application was used for visuali-
sation [205]. Functional characteristics of each geographically unique anno-
tated gene (30 from the Bangladeshi isolates and 6 from the Ecuadorian iso-
lates) were assigned according to the Cluster of Orthologous Groups (COG) 
database for C. jejuni [206, 207].  

In vitro analyses of ST353CC isolates 
Six ST353CC isolates (the remaining two only had DNA available) also un-
derwent further analyses for in vitro characteristics, together with the C. jejuni 
reference strains 11168 and 81-176. Three of these particular isolates origi-
nated from study persons who travelled to Bangladesh, adhered to a diet in-
cluding meat and showed only minor symptoms (B30, B31, B44). The other 
three isolates were originally cultivated from study persons who travelled to 
Ecuador, adhered to a non-meat diet, and showed severe symptoms (E03, E38, 
E79) (Table 2).  

For virulence gene expression analyses, putative virulence genes associated 
with adhesion and invasion (cadF, flpA, ciaB, iamA) were selected. Bacterial 
RNA was extracted from overnight bacterial cultures using the ISOLATE II 
RNA Mini Kit (Bioline Reagents Ltd, London, UK) according to the manu-
facturer, and DNase I treatment (Ambion by life technologies, Carlsbad, USA) 
was carried out. Nanodrop was used to determine the RNA concentration and 
its integrity was verified on a 1% agarose gel. Maxima First Strand cDNA 
Synthesis Kit for qPCR (Therm Fisher Scientific) was used to reverse tran-
scribe 1µg of RNA, according to the manufacturer. For each sample, a minus-
RT control reaction was set up to rule out residual DNA. For quantitative 
(q)PCR, 1/2000 of the cDNA synthesis reaction was used. At least two RNA 
preparations independent of each other were used for real-time qPCR. The 
BioRad CFX96 Touch cycler with the DyNAmo HS SYBR Green qPCR kit 
(Thermo Fisher Scientific) was used to perform real-time qPCR. For virulence 
gene expression analyses, results were expressed as fold over that of the C. 
jejuni 11168 reference strain. Expression levels of each gene had first been 
normalised to that of 16S rRNA for each sample and run. At least two inde-
pendent qPCRs were run on every sample.  

In an in-vitro infection model [208] the adhesion of the isolates to human HT-
29 colon cancer cells and the resulting production of the inflammatory marker 
IL-8 were measured. The HT-29 human colon cancer cell line (ECACC 
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91072201) was maintained in RPMI 1640 media (Gibco by life technologies, 
Carlsbad, USA), augmented with 10 % FBS (fetal bovine serum, Gibco by life 
technologies), 2mM glutamin, 100 U/ml penicillin and 100 µg/ml streptomy-
cin (Swedish National Veterinary Institute, Uppsala, Sweden). A specified 
number of cells were seeded in media free from penicillin and streptomycin 
the day before infection. One hour before infection, this media was replaced 
with infection media including 1% FBS. The concentrations of the centri-
fuged, cultured bacteria to be studied were adjusted in infection media. Bac-
teria were added to the cells at a MOI (multiplicity of infection) of 100. Three 
hours after infection, the cell culture media was collected and immediately 
frozen at -80 °C. Large volumes of PBS (phosphate buffered saline) were used 
to wash the cells four times, and they were then lysed in 20 mM Tris, pH 7.5, 
150 mM NaCl, 0.15% Triton X-100, to extricate adhered and invaded bacteria. 
To ascertain the percentage of recovered bacteria compared to the starting in-
ocula, the lysate was then diluted and used together with diluted starting cul-
tures in real-time qPCR. Real-time qPCR was run as described above. At least 
two independent infection experiments were performed for each isolate. 

Finally, IL-8 levels in the cell-culture media were measured three hours post-
infection using the IL-8 ELISA Kit (Thermo Fisher Scientific) in accordance 
with the manufacturer´s instructions. A standard of known concentration in-
cluded in the kit was used to determine variations between infections. Results 
were expressed as fold increase over uninfected (mock) cells. At least two 
independent infection experiments were performed for every isolate.  

Ethics 
Ethical approval was obtained from the regional ethical review board in Upp-
sala (DNR2011/254). All study participants signed an informed consent. 

Paper IV 
Study persons and method 
This was a randomized, single-blinded, clinical trial aiming to investigate 
whether or not the probiotic mixture Vivomixx® could eradicate ESBL-pro-
ducing Enterobacteriaceae (EPE) in established chronic carriers in a low-en-
demic country.  

During the inclusion period of January 2016 - April 2017, a bi-monthly list of 
all patients who had delivered at least one clinical sample that was culture-
positive for EPE (from blood, urine, faeces, wound or cervix) to the Clinical 
Microbiology Laboratory, Skåne University Hospital, was provided to the first 
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author (OL) from the laboratory. The patients had all sought healthcare in 
Skåne in southern Sweden during this time. Their electronic medical records 
were screened for exclusion criteria. These were: age under 18 years, severe 
psychiatric disorder, alcohol or substance abuse, dementia, inability to provide 
informed consent, lack of a permanent address in Sweden, immunosuppres-
sion (e.g., immunodeficiency, ongoing treatment for cancer, ongoing treat-
ment with TNF-α-inhibitors, neutropenia/leukopenia), ongoing inpatient care 
at the time of screening and having a chronic intravenous catheter.  

In total, 2148 patients were available for inclusion in this way. Of these, 820 
patients who did not fulfil exclusion criteria were contacted by mail and asked 
to participate in the study and to submit a faecal sample, to determine if they 
were still intestinal carriers of EPE. 143 accepted and submitted a sample.  

Of these 143 study persons, 81 were positive for EPE in this follow-up sample, 
taken at least three months after their previous EPE-positive sample (median 
seven months), and thus defined as having a prolonged intestinal colonization. 
One of these declined further participation, leaving 80 study persons that were 
included in our study. When this number (that had been previously determined 
in the power calculation) was reached, further recruitment was stopped. 

Between February 2017 and April 2018, these 80 study persons were then 
randomized to receive either Vivomixx® or placebo in a parallel group trial 
design. Randomization was done by drawing lots from a secured box, kept 
elevated close to the roof when the lots were drawn, in a 1:1 style. Only the 
first author knew if the intervention for a study person was Vivomixx® or 
placebo. 40 study persons were randomized to each group.   

The two groups were similar in baseline characteristics. In the probiotic group, 
58 % of the study persons were females compared to 70% in the placebo 
group. The median Charlson comorbidity score was 3 in the probiotic group 
and 4 in the placebo group. The median age was 68 years in both groups, and 
both groups were known intestinal carriers of EPE for a median of 7 months 
before inclusion. ESBL-producing E. coli was the clearly dominating EPE in 
both groups.  

Vivomixx® 
As mentioned previously, the probiotic mixture Vivomixx® (previously 
known as VSL#3) is one of the most studied and available existing probiotics. 
It contains 8 different living bacterial strains: L. plantarum, L. paracasei, L. 
acidophilus, L. delbrueckii sp. bulgaricus, B. longum, B. infantis, B. breve and 
Streptococcus thermophilus. It is taken orally and was in this study provided 
in sachets, each containing in total 4.5 x 1011 live bacteria listed above, as well 
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as maltose and silicon dioxide. The exact composition, including the propor-
tions of each bacteria, is proprietary. The probiotics were regularly cultured 
on plates on arrival to ensure that they contained living bacteria. 

The sachets of placebo contained no bacteria and consisted of maltose and 
silicon dioxide. Placebo and Vivomixx® were identical in physical appear-
ance, taste and colour.  

Intervention 
All study persons (40 in the placebo-group and 40 in the Vivomixx®-group) 
took 2 sachets every morning and 2 sachets every evening for two months. 
The total dose for those taking the probiotic was thus 1.8 x 1012 live bacteria 
daily. This was determined in accordance with the inventor of Vivomixx® to 
ensure a high dose. The full supply of sachets was given to the study persons 
at the hospital or mailed to them upon request. To monitor adherence, they 
were instructed to return left-over sachets at the end of the treatment (none 
were returned). They were also instructed to halt intake if they took antibiotics 
for any reason, as antibiotics might have killed probiotic bacteria.  

All study persons were then asked to submit faecal samples for selective 
ESBL-culturing 1, 3, 6 and 12 months after starting treatment. The first fol-
low-up sample was thus taken during the treatment and the second one was 
taken one month after completed treatment. These faecal samples were taken 
in the home of the study persons and then mailed to the clinical laboratory. 
The primary endpoint was successful decolonization, defined as three consec-
utive EPE-negative faecal samples after completed intervention (i.e., 3, 6 and 
12 months after initiation of probiotic or placebo). If any of these faecal sam-
ples, delivered after completed intervention, was culture positive for EPE, it 
was considered an unsuccessful decolonization and the study persons in ques-
tion were not required to submit any remaining sample(s).  

In addition, for all study persons who met the criteria for the primary endpoint, 
the culture results from any clinical samples delivered during the follow-up 
year were carefully monitored and considered. The Clinical Microbiology La-
boratory, Laboratory Medicine Skåne, is the only laboratory culturing EPE in 
the region.  

In total, 14 study persons were lost to follow-up, 7 from each group. From the 
probiotic group, two persons required long-term hospitalization for unrelated 
causes, one person stopped the study due to abdominal pain and four were lost 
due to unknown reasons. From the placebo group, two persons died due to 
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unrelated causes, one person withdrew consent and four dropped out for un-
specified reasons. Thus, 33 study persons from each group completed the 
study.   

Questionnaires 
All study persons were asked to submit a previously validated questionnaire 
at the end of the study period. This included detailed questions regarding an-
tibiotic consumption, foreign travel, known EPE colonized persons in the 
household and prevalence of diarrhea.  

Ethics 
Ethical approval was obtained from the regional ethical review board in Lund 
(DNR2016/304). All study persons signed informed consent. The Medical 
Products act of Sweden does not apply to probiotics as they are considered 
food additives. Vivomixx® can be bought prescription free in public stores 
and is not considered as a drug, thus no approval was needed from the Swedish 
Medical Products Agency for the trial (OL, personal communication, January 
2017). The sachets of Vivomixx® and placebo were generously provided by 
the inventor, Prof. De Simone, Rome, Italy, but we received no financial sup-
port from him or from the company producing Vivomixx®, nor did they have 
any insight in, or influence on, the study. Clinical Trials.gov identifier: 
NCT03860415. 

Microbiological analyses  
All faecal samples were selectively cultured according to routine EUCAST 
guidelines [209] at the Clinical Microbiology Laboratory, Laboratory Medi-
cine Skåne, Sweden. Briefly, material from the samples were plated on 
UriSelect™ 4 Medium agar plates with vancomycin (BioRad) and with two 
antibiotic susceptibility discs containing meropenem (10µg/mL Oxoid) and 
ceftazidime (10µg/mL Oxoid) and incubated at 37°C over night. Material 
from the samples were also plated on ChromID ESBL (BioMerieux) chromo-
genic agar plates and incubated at 37°C over night. Presumptive EPE-colonies 
were cultivated on horse blood agar and Maldi-ToF was used to identify the 
bacterial species. A MAST test (MAST group Ltd, Liverpool, UK) was done 
to phenotypically characterize suspected EPEs based on the susceptibility to 
clavulanic acid (indicating ESBLA) or cloxacillin (indicating AmpC). The EU-
CAST disc diffusion test methodology was used to test the susceptibility of 
all EPEs to the antibiotics ceftazidime, ceftazidime-avibactam, cefotaxime, 
ceftolozane-tazobactam, meropenem, imipenem, tobramycin, gentamicin, 
amikacin, ciprofloxacin, trimethoprim-sulfamethoxazole and temocillin.  
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For each study person, the EPE-isolates delivered after the intervention were 
compared with the isolates delivered before the intervention with regards to 
bacterial species, type of ESBL, antibiotic susceptibility pattern and zone di-
ameters. For 11 of the 66 study persons who completed the study, this com-
parison indicated significant changes in some or all of these parameters. To 
determine if these 11 could possibly have eradicated their original EPEs and 
been subsequently re-colonized by new ones, further analyses of the antibio-
grams were done and the data from their questionnaires regarding travel, hos-
pital-stays etc. during the follow-up year were taken into account.  

Statistical analysis 
Bacterial diversity (papers I and II) was calculated using PD whole tree and 
Shannon´s index of diversity. In order to monitor changes in beta diversity 
within individuals over time, QIIME was used to generate weighted UniFrac 
distances. PAST (statistical software) was used for graphical illustrations of 
data and for significance testing between groups; Wilcoxon rank-sum test 
when two groups were compared and Kruskal-Wallis test when three or more 
groups were compared [49].  

The Student´s t-test (unpaired, two-tailed) was used to assess significant dif-
ferences between groups of bacterial isolates and individuals (paper III).  

We had no previous study on intestinal decolonization of EPE by probiotics 
on which to base a power calculation in the planning stage of paper IV. Based 
on data from spontaneous loss of EPE colonization in travellers [177] and res-
idents of health-care facilities [184], we hypothesized that 50% of the study 
persons could spontaneously lose intestinal EPE during the study period. A 
main aim of this study was that the treatment should be clinically significant, 
and we set the margin for this at 30%, inferring a decolonization of EPE in the 
study group of 80%. Given a study power of 80%, α=0.05 and allocation ratio 
1:1, 39 study persons should be included in each study arm. We corrected this 
to 40 in each arm. The chi-square test was used to compare the two groups for 
the primary endpoint. Odds ratio and 95% confidence interval were calculated. 
We assumed that the distribution of missing data was completely random and 
calculated a best-worst and worst-best case analysis for this. SPSS (Statistical 
Package for the Social Sciences, Statistics for Macintosh, Version 25.0, Ar-
monk NY: IBM Corp) was utilized for data analysis. A p-value < 0.05 was 
considered statistically significant. Results were presented both as intention to 
treat and per protocol analysis, where those lost to follow-up were not in-
cluded in the analysis.  
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Results  

Paper I and II 
Pre-travel faecal samples  
Due to the large impact antibiotics have on the microbiota [36], all faecal sam-
ples taken within three months of any intake of antibiotics were excluded from 
further analyses. This left 57 individuals to be analysed for intra-individual 
stability of the intestinal microbiota composition before travelling. The two 
samples taken before travel were found not to significantly differ, either taken 
together or when divided into the groups of volunteers and tourists. Thus, the 
second set of samples was seen as representative and used in the further anal-
yses both for Paper I and II (Flowchart 1). 

Enteropathogens detected after travel 
In total, 11 travellers were found to be culture positive for C. jejuni after their 
travel and two subjects were culture positive for Salmonella enterica. Another 
three participants were culture negative but PCR positive for C. jejuni and one 
(who was later excluded due to failure to deliver all samples) was PCR posi-
tive for C. coli. All of these were volunteers except one Salmonella positive 
tourist. Thus, of the 63 included travellers, 14 became infected with C. jejuni, 
two with S. enterica and 47 remained uninfected (Flowchart 1). All study 
persons were culture negative before travelling and the ones that were only 
PCR positive after travel were analysed to be PCR negative before travel. All 
culture negative but PCR positive individuals had gastrointestinal symptoms: 
in three the symptoms were distinct and the fourth subject had mild symptoms.  

Pre-travel faecal microbiota and susceptibility to 
enteropathogens 
We now wanted to see if the composition of the intestinal microbiota affected 
the risk for getting infected by an enteropathogen (Paper I). For this analysis, 
we excluded six persons who used antibiotics during or directly after the trip 
and who tested negative for enteropathogens. This left 51 study persons, 
where we compared the composition of the intestinal microbiota prior to travel 
in the 15 participants who later became infected with the 36 who remained 
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uninfected (Flowchart 1). The original taxon diversity of the intestinal micro-
biota was significantly lower among those who later became infected as com-
pared to those who remained uninfected (Wilcoxon´s test; Shannon diversity 
p=0.028 and PD whole tree p=0.002). 

We also did separate analyses for the three different groups of participants (13 
uninfected tourists, 23 uninfected volunteers and 15 infected volunteers; there 
were no infected tourists).  The tourists who remained uninfected had a much 
higher original diversity of microbiota than the other two groups, it was even 
significantly higher than that of the uninfected volunteers. All results re-
mained significant even after exclusion of the only Salmonella positive indi-
vidual. The composition of the intestinal microbiota in three asymptomatically 
infected travellers did not differ significantly from those infected with symp-
toms.  

To investigate individual bacterial taxa of the original intestinal microbiota, 
we then compared the 15 volunteers who became infected with the 23 volun-
teers who remained uninfected. We found a significantly higher relative abun-
dance of the bacterial family Lachnospiraceae (Wilconxon´s test, p=0.036) 
and, separately, for two genera, Dorea (p= 0.004) and Coprococcus (p=0.002) 
belonging to this family, in those who remained uninfected as compared to the 
infected individuals. 

Influence of Campylobacter infection and travelling on the 
faecal microbiota 
Next (Paper I), we investigated whether infection by Campylobacter altered 
the composition of the intestinal microbiota, as had been indicated by the pre-
vious study on abattoir workers [119], and if travelling itself changed the com-
position (Paper II). For this analysis, two more people who had taken antibi-
otics during the trip but still tested positive for Campylobacter were excluded, 
leaving 49 being analysed for Paper I. Due to technical failure in sample pro-
cessing, two more people were excluded for the analysis of travel-induced 
change (Paper II), leaving 47 (Flowchart 1).  

We compared the samples taken immediately after return from travel with 
those taken before the trip and did this separately for the infected and unin-
fected groups. We also did the same analysis for the volunteers only. We could 
not see any significant changes in the overall composition of intestinal micro-
biota due to the infection (Paper I).  

When analysing potential travel induced changes to the intestinal microbiota, 
we compared all the follow-up samples taken on three different occasions after 
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the trip (with a median of 3, 13 and 63 days after return, respectively) with the 
pre-travel samples. No significant differences in the overall composition of 
the intestinal microbiota were detected for the whole group of travellers after 
the trip. We then made the same comparisons for tourists and volunteers sep-
arately, as well as for the infected volunteers, the uninfected volunteers and 
the uninfected tourists. Again, there were no differences after travel compared 
to pre-travel samples in any of these groups (Paper II).  

Lastly, we strived to detect changes in the relative abundances of specific bac-
terial taxa (of those taxa not abundant enough to significantly affect the clus-
tering patterns in the multivariate analyses) after travel. The taxa that had sig-
nificantly different abundances in the samples taken immediately after return 
were then tested further in the two consecutive follow-up samples. Only two 
bacterial taxa differed significantly in all these comparisons: Christensenel-
laceae and Enterobacteriaceae.  

The family Enterobacteriaceae had a more than ten-fold higher level of rela-
tive abundance immediately after travel as compared to before (p=0.000003 
for the whole group of travellers). This declined significantly in the second 
follow-up sample in comparison with the first one (p=0.009) but was still sig-
nificantly higher as compared to the pre-travel sample (p=0.002). In the third 
follow-up sample, taken approximately two months after the travel, the rela-
tive abundance was more or less back to the pre-travel level. When analysing 
infected and uninfected travellers separately, as well as those uninfected who 
reported gastrointestinal symptoms (n=23) and those uninfected who were 
asymptomatic (n=11), the results were the same.  

The opposite pattern was shown for the family Christensenellaceae, which 
had a significantly lower relative abundance in the first post-travel sample as 
compared to the sample collected immediately before the trip (p=0.008 for all 
travellers). This low level of relative abundance of Christensenellaceae then 
increased in the next two follow-up samples and it was back to the pre-travel 
level in the last follow-up sample. These changes were significant even when 
non-infected travellers were analysed separately but did not reach significance 
when only those infected (n=13) were analysed.  

Paper III 
Our aim was to characterize in detail the Campylobacter isolates picked up by 
the travellers (Paper I) using both genomic and phenotypic approaches. We 
then related the results to the geographic origin of the isolates as well as the 
clinical symptoms and other relevant information reported by the travellers in 
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the questionnaires. Finally, the pre-travel compositions of the intestinal mi-
crobiota of the travellers were analysed in relation to individual characteris-
tics.    

Eleven study persons were originally culture positive for C. jejuni, and in nine 
cases frozen bacterial isolates could be resuscitated for further analyses. For 
the remaining two individuals, Campylobacter DNA extracted previously was 
used (Flowchart 2). All these 11 study persons belonged to the “volunteer” 
category (Papers I and II) and had travelled either to Ecuador or Bangladesh. 
All the seven travellers to Ecuador were students adhering to a non-meat diet 
(vegetarian or vegan) whereas the four travellers to Bangladesh were students 
not excluding meat from their diet.  

All eleven C. jejuni isolates were whole genome sequenced. Eight isolates 
belonged to the same ST353CC: five originated from travellers to Ecuador 
and three from travellers to Bangladesh, consecutively. One isolate from 
Bangladesh belonged to ST354CC and two isolates from Ecuador belonged to 
ST607CC (Flowchart 2). This clustering was confirmed by phylogenetic 
analyses of the whole genome sequences, which also showed a separation 
within the ST353CC-isolates between those from Ecuador and Bangladesh. 

Since the ST353CC isolates were separated both phylogenetically and geo-
graphically, we studied them further. A new extensive phylogenetic analysis 
compared them to other ST353CC sequences in the NCBI database. The iso-
lates of our study did not exclusively cluster within the same region, but clus-
tered instead among other isolates from different countries.  

Putative virulence genes 
We used in silico screening and identified over 100 putative earlier described 
virulence genes (possibly involved in motility, chemotaxis, adhesion, inva-
sion, iron acquisition, stress response and capsule biosynthesis). The vast ma-
jority of these particular genes were found in all the ST353CC isolates irre-
spective of travel destination. When using in silico analysis further, high levels 
of similarity were found in all the isolates at both nucleotide and amino acid 
sequence levels for the well described putative virulence genes cadF, flpA, 
iamA, ciaB, ceuE and cdt. However, when the expression of the genes cadF, 
flpA, ciaB and iamA (involved in adhesion and invasion) was measured with 
RT-qPCR, the isolates from Bangladesh had higher expression levels for flpA 
(p<0.05), ciaB and iamA than the isolates from Ecuador. 
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Unique genomic content 
Comparative genomic analysis demonstrated that the ST353CC isolates orig-
inating from Bangladesh had more unique genetic content than the isolates 
from Ecuador. This was shown as 30 genes and a genomic region almost iden-
tical to the pTet plasmid of C. jejuni reference strain 81-176, whereas in the 
isolates from Ecuador only 6 genes not detected in Bangladeshi isolates were 
identified. Assignment of functional characteristics according to the COG da-
tabase for C. jejuni [206] showed that the unique genes from the isolates from 
Bangladesh were mostly involved in cellular processes and information stor-
age, whereas the unique genes from the isolates from Ecuador were more often 
involved in metabolic processes. 

In vitro infection model 
Six viable ST353CC isolates, three from travellers to Bangladesh and three 
from travellers to Ecuador, were analysed for their ability to adhere to HT-29 
cells and induce IL-8 production. 

The Bangladeshi isolates had a significantly higher level of adhesion, a mean 
of 2.2 % of the starting inoculum of bacteria, compared to the Ecuadorian 
isolates which had a mean adhesion level of 0.6 % (p<0.05). The levels of IL-
8 induced by the Bangladeshi and Ecuadorian isolates were approximately 
similar (11- and 13.5-fold increase over un-infected cells, respectively).  

Clinical symptoms in C. jejuni ST353CC infected travellers 
All travellers continuously reported intestinal symptoms in questionnaires. 
Campylobacter positive travellers received an extra questionnaire to fill in, 
including more detailed descriptions of symptoms and encouragement to elab-
orate (Supplementary material, Questionnaire 6). All questionnaires were 
completed in full by study participants and were often very detailed. Based on 
the questionnaires, in a few instances complemented with immediate follow-
up questions, the symptoms were scored as described above (1-5, with 1 indi-
cating no symptoms, 2 indicating very slight symptoms and 5 indicating very 
severe symptoms; Box1). All participants had also answered “yes” or “no” to 
the question “Do you eat an exclusively vegetarian diet?”, and most often 
elaborated the answer much further.  

The mean symptom score for all eight travellers infected with C. jejuni 
ST353CC was 2.7. The symptoms varied very much between different indi-
viduals, however, and ranged from 1 to 5 (Table 2).  
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ISOLATE TRAVEL 
DESTINA-
TION 

DIET IN-
CLUDING 
MEAT 

SYMP-
TOM 
SCORE 
(1-5) 

AGE 
(years) 

GENDER 

B30 Bangla-
desh 

Yes 1 24 Female 

B31 Bangla-
desh 

Yes 2 28 Female 

B44 Bangla-
desh 

Yes 1 26 Female 

E00 * Ecuador No  2 29 Female 

E01 * Ecuador No 5 24 Male 

E03 Ecuador No 4 20 Female 

E38 Ecuador No/ve-
gan 

3 20 Female 

E79 Ecuador No 4 22 Female 

Table 2. Clinical characteristics of the eight study persons infected by C. jejuni 
Clonal Complex ST353CC. Symptom score 1 = none, 2=mild, 3-5=severe (Box1). 
* = Only DNA available for analysis (paper III). 

 

The five study persons who adhered to a diet without meat, and who had trav-
elled to Ecuador, had a significantly higher mean symptom score of 3.6 com-
pared to 1.3 for the three study persons who had travelled to Bangladesh and 
whose diet included meat (p<0.01). Four of the five travellers to Ecuador had 
symptom scores ≥3 (one of them had very severe symptoms) and the fifth had 
more limited but distinct symptoms. In contrast, two of the travellers to Bang-
ladesh were completely without symptoms, and the third had only very dis-
crete intestinal discomfort (Table 2).  

In the questionnaire we also investigated other factors such as use of medi-
cines, probiotics and vaccinations with the oral cholera vaccine Dukoral® in 
connection with travelling but could not see any correlations with symptoms.  

Composition of faecal microbiota in travellers later infected with 
C. jejuni ST353CC 
Finally, we studied whether the pre-travel faecal microbiota of these eight 
travellers, later becoming infected with so closely related C. jejuni ST353CC 
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isolates, had any correlation with the severity of clinical symptoms. The bac-
terial diversity in faecal samples collected before travelling, expressed as the 
mean Shannon´s H index of identified OTUs, did not differ between the indi-
viduals later developing severe symptoms (3-5 on the symptom scale) com-
pared to those developing very slight or no symptoms (1-2 on the symptom 
scale). Furthermore, we saw no difference in bacterial diversity prior to travel 
in the individuals whose diet included meat and travelled to Bangladesh, com-
pared to the individuals whose diet excluded meat and who travelled to Ecua-
dor.  

However, when looking at the three major bacterial phyla present in the faecal 
microbiota prior to travelling, Actinobacteria, Bacteroidetes and Firmicutes, 
we could see that Bacteroidetes had twice as high relative abundance among 
those later developing severe symptoms, as compared to those developing no 
or minor symptoms. Moreover, the relative abundance of Bacteroidetes was 
almost 20 times higher in the travellers adhering to a meat-free diet compared 
to those who did eat meat. The relative abundances of Actinobacteria and Fir-
micutes did not significantly differ between the groups being compared.  

Paper IV 
In this clinical study, our aim was to investigate if the probiotic product Vi-
vomixx® could eradicate intestinal EPE in persons with established prolonged 
colonization.  

As mentioned above, 80 study persons matching this criterium were recruited 
to the study. The majority (77.5%) of these had also had at least one previous 
episode of clinical EPE infection. A total of 40 study persons were randomized 
to receive treatment with a high dose of daily Vivomixx® for two months, and 
40 were randomized to receive placebo for two months. Follow-up faecal sam-
ples were selectively cultured for EPE at 1, 3, 6 and 12 months after starting 
treatment with either the probiotic or placebo. Seven participants from each 
group were lost to follow-up, leaving 33 study persons from each group who 
completed the study.  

According to the intention to treat (ITT) analysis, 5 out of 40 study persons in 
the probiotic group and 2 out of 40 in the placebo group (12.5% and 5%, re-
spectively) were successfully decolonized. (Odds ratio 2.71; 95% confidence 
interval 0.49-14.9; p=0.24.) In the per protocol (PP) analysis, when all study 
persons lost to follow-up were excluded, 5 out of 33 study persons in the pro-
biotic group and 2 out of 33 in the placebo group (15% and 6% respectively, 
p=0.23) were successfully decolonized, according to the definition of primary 
outcome.  
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There was no obviously visible effect on EPE culture results during ongoing 
treatment with Vivomixx®. One month into the treatment, 31 of 35 individu-
als with faecal cultures available in the probiotic group were positive for EPE 
and four were negative. In the placebo group, 30 out of 34 subjects with faecal 
cultures available were positive for EPE one month into treatment and four 
were negative. Of the four study participants that became negative during on-
going treatment in the probiotic group, two were lost to follow up, one was 
EPE positive in the next culture (taken 3 months after initiation of treatment) 
and one was negative in the cultures taken 3 and 6 months after initiation. 
However, the latter was positive 12 months after initiation of treatment with 
another strain of EPE following a hospital stay in south east Asia, thus proba-
bly reinfected. The pattern was similar in the four study persons that became 
negative during ongoing treatment in the placebo group. Two were positive in 
the next faecal culture, one was negative in the cultures taken 3 months after 
initiation of treatment, but positive for another strain of EPE in the faecal cul-
ture taken 6 months after initiation, having been treated with antibiotics in 
North Africa, and thus probably reinfected. The remaining study person was 
negative in all subsequent faecal samples.  

Our monitoring of clinical culture results revealed that two of the five study 
persons in the group receiving probiotics and were considered free from EPE 
according to the criteria for the study, did actually have EPE positive clinical 
cultures taken outside of the study protocol during the follow-up period. One 
had a positive faecal culture and the other had multiple positive urinary cul-
tures. The antibiograms of the EPEs were all identical with the previous ones 
taken as part of the study.  

If this information is taken into account, 3 out of 40 study persons in the pro-
biotic group compared to 2 out of 40 in the placebo group can be considered 
to have been actually successfully decolonized of EPE in the ITT analysis 
(7.5% vs 5% respectively; OR 1.54, 95% CI 0.24-9.75; p=0.64).   

As mentioned previously, 11 of the 66 study persons completing the study 
were judged to have possibly been recolonized by EPE during the course of 
the study; as they had at one point been negative for EPEs, and as subsequent 
EPEs differed in species, type of ESBL produced and/or antibiotic suscepti-
bilities compared to the EPEs that were isolated before the intervention. Fur-
ther analyses of the antibiograms and questionnaires of these 11 study persons 
revealed that three of them did possibly lose their original EPE and became 
reinfected. However, the overall negative finding of the study was not altered 
by this since two of these three individuals belonged to the placebo group and 
only one to the probiotic group.  
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Discussion  

“The Universe is a lot more complicated than you think, even if you start from 
a position of thinking it is pretty damn complicated in the first place.” 

Douglas Adams 

Paper I and II 
Pre-travel faecal microbiota and susceptibility to 
enteropathogens 
C. jejuni is a leading cause of bacterial enteritis in the world but not much is 
known about the pathogenesis mechanisms involved [210]. The infection is 
often related to travel [64].   

In this study, we investigated the role of the human intestinal microbiota in 
the development of Campylobacter infection and prospectively followed Swe-
dish travellers with analyses of their faecal microbiota compositions before 
and after travelling abroad. We also studied if the infection in itself altered the 
microbiota. Furthermore, we wanted to see if the act of long-distance travel-
ling had an impact on the microbiota, as this could be of vital importance re-
garding both the development of travellers´ diarrhoea and the acquisition and 
spread of antibiotic resistant bacteria [211].  

The concept of CR, i.e. the intestinal microbiota´s capability to limit and pre-
vent pathogen growth and colonization, has been well established for over 
sixty years [212, 213]. However, it is not until recently that it has become 
possible to define the impact of specific bacterial genera on CR; thanks to the 
vast advances in sequencing technology, including high-throughput DNA se-
quencing and bioinformatics [214]. Studies of mice indicate that the microbi-
ota composition plays an important role in the protection against Campylo-
bacter infection [121, 124], but results from human studies performed with 
NGS techniques are very few [119]. 

The results of the present study align with those of Stecher et al. [135], who 
found that mice with a highly diverse microbiota were more resistant to S. 
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enterica colonization than mice with a low diversity microbiota. However, in 
an earlier human study, researchers from our group could not find any signif-
icant difference in the diversity of the faecal microbiota between poultry ab-
attoir workers later infected by Campylobacter and those remaining unin-
fected [119]. This discrepancy could to some extent be explained by the dif-
ferences in the study populations, the type and duration of exposure to Cam-
pylobacter and the presence of symptoms. In the earlier study, all but one of 
the Campylobacter positive abattoir workers were asymptomatic while in our 
present study 11 of the 14 Campylobacter positive travellers had intestinal 
symptoms of varying degrees. It is well known that continuous exposure to 
Campylobacter in a population decreases the proportion of symptomatic in-
fections [77, 78].  

Higher relative abundances of the bacterial family Lachnospiraceae were 
demonstrated among the travellers remaining uninfected. This is in line with 
the earlier study mentioned above, where unclassified Lachnospiraceae were 
present in a higher abundance among poultry abattoir workers remaining 
Campylobacter negative [119]. In the present study, higher relative abun-
dances of two genera belonging to the Lachnospiraceae family, Dorea and 
Coprococcus, were also shown for those participants who remained unin-
fected. However, faecal microbial communities are very complex and the role 
of intestinal Lachnospiraceae on host physiology has so far been inconsistent 
in different studies [215]. 

Influence of Campylobacter infection and travelling on faecal 
microbiota 
One aim was also to see how the original faecal microbiota was modified by 
the obtained enteric infection. In the abattoir study [119], Campylobacter in-
fection was shown to cause long-term changes of the faecal microbiota com-
positions of the infected individuals. In another study [216], it was shown that 
the relative abundances of the family Enterobacteriaceae increased dramati-
cally in the faecal microbiota of an individual with Salmonella infection and 
this alteration in microbiota composition persisted for at least three months. 
However, in the present study, faecal microbiota compositions of individuals 
developing Campylobacter infection did not show significant changes when 
their samples collected after return to Sweden and those taken prior to travel-
ling were compared. 

In fact, when we further analysed all the five sets of samples taken before and 
after travel with the explicit aim of detecting travel related changes to the gen-
eral diversity of the faecal microbiota, no such changes could be observed 
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either (Paper II). This lack of change was true for those infected by an entero-
pathogen as well as for those uninfected. It was also true regardless of the 
length of, or the purpose of, travel. Accordingly, travelling to less-resourced 
countries did not change intestinal species richness for 35 Swedish health care 
students travelling to the Indian subcontinent or Central Africa [217]. Nor did 
it change that of American health care workers [218], Swiss travellers [219]  
or French tourists [220], as demonstrated in some recent studies. In these last 
three studies, the length of travelling was up to nine weeks, and though some 
of the volunteers in our study stayed abroad for 12 weeks, the results were the 
same. The reason could possibly be that more time is required for the diversity 
of the microbiota to be markedly changed. Indeed, significant decrease in in-
testinal microbiota diversity was detected for immigrants within nine months 
after moving from Southeast Asia to the United States [221]. Furthermore, in 
second-generation immigrants from the same area, even though their diet still 
differed considerably from that of the native US control group, the bacterial 
and metabolic profiles of their microbiota were very similar to those of the 
native US controls [221]. 

Enterobacteriaceae and Christensenellaceae 
Though the overall diversity of the faecal microbiota was not altered by travel, 
two distinct bacterial families, Enterobacteriaceae and Christensenellaceae, 
were reversibly but definitely changed. 

As mentioned earlier, the family Enterobacteriaceae includes several bacte-
rial genera which are part of the normal microbiota but are also very important 
human pathogens. Many of these bacteria have a high tendency to pick up and 
spread genes coding for antimicrobial resistance [217, 222]. Bacteria belong-
ing to Enterobacteriaceae are associated with intestinal inflammation and 
seem to reduce colonization resistance against other enteropathogens. They 
also seem to exacerbate several diseases connected with intestinal inflamma-
tion, e.g. celiac disease and inflammatory bowel disease [223-226]. In the pre-
sent study, a significant post-travel increase in the relative abundance of En-
terobacteriaceae was shown. The same phenomenon was noted in some [217, 
218, 220] but not all other travel studies [219]. 

In contrast to Enterobacteriaceae, the bacteria belonging to the family Chris-
tensenellaceae, seem to play a beneficial role for human health. This novel 
bacterial family was first named in 2012 [227] and belongs to the order Clos-
tridiales. Christensenellaceae can be present in the intestines from birth [30] 
and a high abundance seems to be associated with a diet that includes animal 
products [228]. These bacteria have repeatedly been associated with a lean 
body type in humans [30, 229, 230] and faecal transplants with these bacteria 
have prevented induced obesity in germ-free mice [30]. In fact, the inverse 
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relationship between the relative abundance of Christensenellaceae and body 
mass index (BMI) is currently considered the most reproducible and robust 
link between the human intestinal microbiota and metabolic disease being re-
ported [228]. The family Christensenellaceae is also considered to be among 
the most genetically heritable taxa in the intestinal microbiota [30, 228]. In 
other studies, Christensenellaceae have been negatively associated with in-
flammatory bowel disease [231] and positively associated with extreme lon-
gevity, as showing high relative prevalence and abundance in persons 99-109 
years of age [232]. In an earlier study of our group, a possible favourable effect 
of Clostridiales on colonization resistance against Campylobacter in highly 
exposed poultry abattoir-workers was shown [119]. The reversible decline in 
the relative abundance of Christensenellaceae following international travel 
in the present study was a novel finding.  

Which factors that lie behind these alterations of Enterobacteriaceae and 
Christensenellaceae remain to be studied. If hypothesizing, a change in diet 
would seem less likely, in view of the heterogenous travel- and dietary groups 
involved in our study. The act of air-travel, including changes in cabin pres-
sure, might possibly play a role.  

Regarding the significance of this considerable post-travel increase in the fae-
cal ratio of Enterobacteriaceae/Christensenellaceae, it is tempting to specu-
late that these transient changes in the faecal microbiota could partly explain 
the intestinal discomfort often experienced by the travellers, many of whom 
remained pathogen-free after the trip. The high relative abundance of Entero-
bacteriaceae might actually decrease the CR to enteropathogens during travel, 
if present early enough. The elevated relative abundance within the Entero-
bacteriaceae family might also not only have a role in intestinal inflammation 
but could even increase the likelihood to acquire antimicrobial resistance 
genes, and in that way play a part in the global spread of antimicrobial resistant 
bacteria. 

 
A striking finding in this study is the uniformity of the observed changes in 
the relative abundances of these bacterial families. Also, the consistency of 
the lack of change to the general diversity. No matter if the travellers had spent 
twelve weeks living with the locals in the Ecuadorian countryside or two 
weeks in urban Bangladesh or had stayed for two weeks at all-inclusive hotels 
in Curaçao – the pattern of changes was the same. This was also true whether 
or not the travellers became infected with enteropathogens. The study material 
was also heterogeneous as far as e.g. diet and BMI were considered (Table 1), 
although this might also be seen as a weakness. Of the original 67 study per-
sons, 63 completed the study. 16 of them (25 %) became infected by an en-
teropathogen, and all samples taken within three months of antibiotic usage 
were excluded from analyses of the microbiota due to the impact even a single 
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dose can have on the bacterial composition [36]. Among the weaknesses can 
be noted the many variables that can affect the microbiota not accounted for 
in the questionnaires, as well as the fact that we were not able to collect sam-
ples during the trip itself. It is for example still possible that larger changes to 
the bacterial diversity of microbiota did occur during the trip but had reversed 
shortly after returning home.     

Human studies on CR against enteropathogens have been hampered by the 
lack of prospective samples collected before the infection. For instance, for C. 
difficile infection, microbiota compositions of faecal samples collected from 
infected and non-infected subjects have been compared [233]. A major 
strength of our study is that enteropathogen negative faecal samples taken be-
fore travelling were available for microbiota composition analyses as well. 
The prospective design and prolonged follow-up with sequential samples also 
made it possible to detect the reversibility of the post-travel changes in the 
relative abundances. This approach of combined population surveys with 
analyses of longitudinal microbiome profiles in individuals over time is also 
currently highly recommended by, e.g., the researchers behind the Integrative 
Human Microbiome Project [4]. 

Paper III 
It is still unclear why some individuals becoming infected by Campylobacter 
develop much more severe symptoms than others. In paper III, we intended to 
investigate this by analysing the Campylobacter isolates picked up by the trav-
ellers, both genotypically and phenotypically, and compare the results with 
clinical data and analyses of the microbiota.  

The bacterial properties can differ very much between different Campylobac-
ter isolates, and the geographic origin might also play a role. It can, however, 
be hard to know which region a clinical isolate really comes from, since they 
often tend to be reported as being from the country where the diagnosis is 
made. Here, we found that eight of our prospectively followed travellers had 
been infected with genetically very closely related isolates, all belonging to 
the same clonal complex ST353CC, while travelling from Sweden to Bangla-
desh and Ecuador, respectively. This gave us a good opportunity for making 
comparisons. We analysed these isolates for the presence of putative virulence 
genes, for the actual expression of these genes, for the unique genomic content 
and for the functional characteristics of that unique genomic content. We 
found that even though the most well described putative virulence genes were 
present and structurally very similar in all the isolates, the isolates from Bang-
ladesh had significantly higher expression levels of the well characterized 
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flpA-, ciaB- and iamA-genes, than the isolates from Ecuador. The isolates from 
Bangladesh also had more unique genetic content.  

Furthermore, we continued studying whether there was a corresponding dif-
ference in the capacities of the isolates to adhere to intestinal epithelial cells 
in vitro. Indeed, the isolates from Bangladesh had an almost four times higher 
level of adhesion compared to the isolates from Ecuador. This is in concord-
ance with prior findings, where expression levels of genes connected to adhe-
sion and actual in vitro adherence of C. coli to human epithelial cells corre-
lated [234].  

However, what is even more interesting than the bacterial characteristics in 
vitro is how the bacteria actually affect people. A strength in our study is that 
the study persons prospectively and thoroughly reported their symptoms. 
These results were then scored by an expert clinician. Thus, we could compare 
the results from our analyses of the bacterial isolates with the actual clinical 
symptoms of the infected individuals.  

The travellers returning from Ecuador, whose bacterial isolates seemed to be 
less virulent in the genotypic and phenotypic analyses described above, actu-
ally had significantly more severe symptoms than the travellers from Bangla-
desh.  

The reasons for this can be manyfold. One potential reason is the fact that in 
spite of many years of studies, the putative virulence genes of Campylobacter 
are still considered only putative, and several previous studies have also noted 
a discordance between the presence of these genes and clinical picture [94-
96]. Another reason could be the presence of unknown factors related to viru-
lence not currently identified in the isolates. The different geographic origins 
of the isolates is another possibility. However, it seems unlikely that this 
would have played a significant role as the isolates from Bangladesh and Ec-
uador in this study clustered among other isolates from all over the world in 
the phylogenetic analyses. 

One further reason is of course that there are host-related factors that could be 
involved in the development of more severe symptoms. To examine this fur-
ther, we continued with analyses of the faecal microbiota and the clinical ques-
tionnaires. We found that there were no differences in the alpha-diversity of 
the microbiota prior to travel between the travellers to Bangladesh and the 
travellers to Ecuador, or between those who developed severe symptoms as 
compared to those who developed no or minor symptoms. (This is in concord-
ance with our earlier analyses of the data regarding the development of intes-
tinal symptoms in all the uninfected travellers.) However, in the travellers in-
fected by C. jejuni ST353CC, we did see a twice as high relative abundance 
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of the bacterial phyla Bacteroidetes in the travellers later developing severe 
symptoms compared to those who were not. When analysing the question-
naires, the only significant difference between the two groups was that all the 
travellers to Ecuador in this study adhered to a non-meat diet, whereas none 
of the travellers to Bangladesh did (Table 2). We could also see that these 
vegan and vegetarian travellers had an almost twenty times higher relative 
abundance of Bacteroidetes than did the non-vegetarian travellers, while their 
overall alpha-diversity did not differ.  

Considering the small number of study persons involved in this part of the 
study and the fact that we did not, e.g., monitor their actual day-to-day diets, 
these findings must of course be considered as strictly observational. And, as 
must constantly be kept in mind when studying the microbiota, correlation 
does not equal causation. However, it is tempting to speculate. A higher level 
of Bacteroidetes has been noted in the faecal microbiota of vegetarians in 
many other studies as well [235-237], and it seems clear that a vegetarian diet 
influences especially the metabolic activity of the microbiota to a high degree 
[32, 238]. Whether a vegetarian or vegan diet could also increase the risk of 
developing intestinal symptoms after infection with Campylobacter or other 
enteropathogens remains to be seen. Interestingly enough, in our entire study 
we also saw a distinctly higher proportion of non-meat eaters compared to 
meat eaters who became infected by Campylobacter. Likewise, of the study 
persons not becoming infected by any enteropathogen, those who did not eat 
meat tended to report more severe symptoms. However, none of these possible 
trends reached statistical significance. If speculating further, and somewhat in 
line with current scientific thinking [32, 235], this theoretic increase of risk 
would probably depend more on depriving the diet of certain foodstuffs, rather 
than vegetarianism per se. It should also be pointed out that regularly consum-
ing a wide variety of vegetables has been proven to be clearly beneficial to 
general health [32, 237].   

In order to further study these questions, it could be possible to repeat the 
design of our prospective study but include more participants, monitor their 
diets and intestinal symptoms even more intensely (possibly aided by a mobile 
app) and preferably take faecal samples during the trip itself as well. Alterna-
tively, one could study a population that is highly exposed to Campylobacter, 
for example workers in a poultry abattoir, and make them change their diets 
completely for a certain period of time and monitor the results. Since all these 
approaches have their advantages and drawbacks, a combination of them and 
others like them is most likely needed before a firm conclusion can be made.  
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Paper IV 
One major concern with international travel is that it entails a large risk of 
becoming an intestinal carrier of EPE. For example, in one recent Swedish 
study of returning travellers with travellers’ diarrhoea, 45% of those who trav-
elled to Asia (including 100% of those to India), 54 % of those who travelled 
to Africa and 11 % of those who travelled to South- and Central America, 
carried EPE in their intestines upon return [176].   

In our study, we wanted to investigate whether an existing, safe, oral probiotic 
product (Vivomixx®) could possibly eradicate EPE in established chronic in-
testinal carriers. This would have been of great clinical significance, and a 
major help in the struggle against antibiotic resistance, especially since there 
are no currently recommended decolonization therapies [186]. The answer 
was a fairly clear “no”, but the answer itself is valuable. Some recurring prob-
lems in clinical probiotic studies are that the microbial strains investigated are 
poorly defined, that the dosages and durations of treatments are insufficient 
(or not described), that the populations investigated are too diverse, or that the 
results might involve improvements in sometimes subjective symptom-scores. 
We intended to overcome these issues. We had a defined and very well tested 
probiotic product that we gave in a high dose for a duration of two months. 
Arguably, this is also what can be expected to result in good compliance from 
reasonably motivated potential future patients, considering that there would 
be no guarantee of success and that the condition itself is asymptomatic. Fur-
thermore, our study group was well defined and consisted of established 
chronic carriers of EPE, who had in most cases suffered from a previous clin-
ical EPE-infection, underlining the potential benefits of eradication in this 
group. The group that received probiotics and the group that received placebo 
had similar baseline characteristics. Finally, the endpoint was also clearly de-
fined as being repeated negative EPE-cultures, using standard culturing meth-
ods, during one year of follow-up. 

Of great importance was the fact that our study had a follow up duration of a 
year. This is far from always the case. For example, one previously cited study 
with a total of 29 participants showing successful decolonization of VRE by 
the probiotic L. rhamnosus GG, did not take any follow-up cultures after the 
end of treatment [189]. In the first samples collected after the finished treat-
ment in our study, by comparison, there was a clearly higher proportion of 
study persons negative for EPE in the treatment group (7/32, 22%) than in the 
placebo group (5/35, 14%).  

When designing the present study, to emphasize clarity, we defined the pri-
mary outcome as three EPE-negative follow-up faecal cultures after com-
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pleted intervention, at time-points 3, 6 and 12 months. However, we also care-
fully monitored other clinical cultures for EPEs. This revealed that two indi-
viduals from the probiotic group, who were counted as having eradicated their 
EPEs in the ITT- and PP-analyses, had not in reality done so. This reflects that 
even repeated faecal cultures have a limited sensitivity. It should also reduce 
any temptation to see our results as pointing towards a “trend” for probiotic 
effect in this regard. Likewise, the fact that no effect on EPE-colonization was 
seen during ongoing probiotic treatment underlines the negative result.  

Our study has also several limitations. The most severe one is the power cal-
culation, which in retrospect was too optimistic. As a result, the sample pop-
ulation was too small to rule out a small, but still meaningful, treatment effect. 
There is also a risk for a type II error, something that was highlighted by the 
reviewers. The study should also have been double-blinded, randomization 
could have been done by (e.g.) computer algorithms, the EPE isolates could 
have been more thoroughly analysed and adherence to treatment could have 
been more intensely monitored. Furthermore, this study obviously did not pur-
port to reveal anything about the effect of any other probiotic product than 
Vivomixx®.  

Nevertheless, and acknowledging the risk for a type II error, we could not see 
any effect on intestinal EPE colonization by Vivomixx® in this placebo-con-
trolled RCT. Until a larger, better powered study shows a different result, I 
feel that the resources of doctors and patients in this regard are better placed 
somewhere else. This, in itself, is an important result. 

So, can EPEs be eradicated by probiotics? It is hard to say. And these are still 
very early days in this particular scientific field. The answer might very well 
be no, however. At least when it comes to a singular bacterial species, or com-
bination thereof, having this predictable and quite narrow result in a signifi-
cant number of diverse individuals with diverse external environments, in-
cluding current and future diets. A small example illustrating the difficulties 
comes from the thorough study by Dey et al [33]. In their murine study, they 
found 27 bacterial OTUs that had diet-dependent correlations with intestinal 
transit time. The relationship of bacteria to transit time was strain-specific: 
two strains of Eubacterium desmolans, for example, had opposing effects on 
intestinal motility when gnotobiotic mice, with one type of strictly defined 
microbiota, were given one type of strictly defined diet. One of these strains 
was also the only OTU that was significantly correlated with transit time in 
two different diets, but the effects were complete opposite depending on the 
diet [33]. A reasonable conclusion from this observation could be that it would 
be very hard to predict whether a probiotic containing e.g. Eubacterium 
desmolans, given to a random mouse on the street, would have a constipating 
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or laxative effect. As discussed at length before, the intestinal microbiota is 
immensely complex and individual.   

Still, intriguing results from other studies show that it might be possible to 
eradicate EPE after all. Results with probiotics and VRE have overall been 
encouraging [187, 239]. As discussed previously, certain bacterial keystone 
species can have very specific roles, a fact that might possibly be exploited. 
Likewise, similar bacteria often fulfil the same role, and the presence of a bac-
terial species in the gut seems to increase the chances that closely related bac-
teria are able to colonize it [135, 225]. Thus, it might be tempting to try to 
outcompete resistant bacterial strains with closely related strains lacking the 
capacity to develop resistance. Unfortunately so far, small attempts to reduce 
carriage with quinolone-resistant E. coli using the probiotic E. coli Nissle 
1917 have not been successful [190]. There is also the concern that this would 
in fact lead to increased antibiotic resistance. However, Zmora et al [18]  could 
recently demonstrate that some individuals are much more receptive to colo-
nization by probiotics than others. Among other things, they also found that 
the pre-existing amount of a bacterial species in a specific niche in the GI-tract 
seems to influence the colonization capacity of that particular species in that 
particular place, if given as a probiotic at that particular time [18]. Thus, what 
is lacking for successful probiotic therapies, for this and other conditions, 
might simply be enough information. With the rapid developments of both 
affordable large-scale mapping of the microbiota and of designing new synbi-
otics, it is not impossible that we will see a wide array of highly individually 
tailored options for probiotic therapies in the near future.   
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Conclusions  

A low bacterial diversity of the intestinal microbiota seems to increase the risk 
for C. jejuni infection during international travel whereas a high relative abun-
dance of Lachnospiraceae (and of its two genera Dorea and Coprococcus) 
might decrease this risk. C. jejuni infection in turn does not seem to alter the 
overall composition of the intestinal microbiota.  

The overall composition of the intestinal microbiota does not seem to change 
in connection with travelling – regardless of travel destination, type of travel 
or bacterial intestinal infection obtained. However, two bacterial families in 
this study were dramatically and reversibly affected by travelling: Enterobac-
teriaceae increased 10-fold, as demonstrated immediately after travel, and 
Christensenellaceae decreased. This was true regardless of the durations, des-
tinations, or activities of the various trips, indicating that it could possibly be 
connected to travelling itself.  

Analyses of bacterial and host characteristics in some travellers infected with 
genetically very closely related C. jejuni isolates in Bangladesh and Ecuador, 
respectively, showed that the travellers returning from Ecuador developed sig-
nificantly more severe symptoms than those from Bangladesh, even though 
their Campylobacter isolates seemed to have less pathogenic potential as 
based on genomic and phenotypic analyses. The travellers to Ecuador had al-
most 20 times higher relative abundance of Bacteroidetes in their faecal mi-
crobiota immediately prior to travel as compared with the travellers to Bang-
ladesh. None of the travellers to Ecuador included meat in their diet, whereas 
all the travellers to Bangladesh did. To which extent these host characteristics 
are relevant for the development of symptoms remains to be studied further.  

The probiotic mixture Vivomixx® was not superior to placebo for intestinal 
decolonization of ESBL-producing Enterobacteriaceae in adult patients with 
chronic colonization. 
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Populärvetenskaplig sammanfattning 

Upp emot 100 miljoner människor reser varje år från industrialiserade länder 
till länder med mer begränsade resurser. De reser dock inte ensamma. Varje 
resenär bär med sig ett invändigt ekosystem, bestående av tiotals biljoner mi-
krober, som benämns mikrobiota. Den absolut största delen av mikrobiota 
finns i tjocktarmen. Den tekniska utvecklingen under det senaste decenniet har 
inneburit en revolution i våra möjligheter att utforska detta ekosystem.  Tar-
mens mikrobiota förefaller vara individuell och förhållandevis stabil. Mikro-
biota verkar också ha många viktiga effekter på vår hälsa. Trots sin stabilitet 
kan den påverkas av ett flertal faktorer, exempelvis vad vi äter och det geo-
grafiska område vi bor i.   

Många resenärer löper också stor risk att infekteras med bakterien campylo-
bacter, vilket är världens vanligaste orsak till bakteriell tarminfektion.  Sym-
tomen vid en campylobacterinfektion varierar kraftigt. Allt ifrån inga symtom 
alls till svår blodig diarré och hög feber. Campylobacterinfektion kan också 
ge följdsjukdomar såsom reaktiv ledinflammation och förlamningssyndromet 
Guillain-Barrés syndrom. Varför symtomen varierar så mycket vet man inte 
riktigt. En annan risk resenärer utsätts för är den starkt ökade risken att kolo-
niseras i tarmen med antibiotikaresistenta bakterier, framför allt så kallade 
ESBL-producerande Enterobacteriaceae (EPE). Är man koloniserad med 
EPE ökar risken för att senare drabbas av en allvarlig infektion orsakad av 
dessa bakterier, vilken de vanligaste antibiotikabehandlingarna inte fungerar 
på. Man kan också sprida EPE till andra personer. Idag finns det ingen be-
handling mot kolonisering med EPE.  

I min avhandling undersöks ifall sammansättningen av tarmens bakteriella mi-
krobiota påverkar risken för att smittas med campylobacter under utlandsresa. 
Vidare undersöks ifall campylobacterinfektionen i sin tur påverkar mikrobi-
ota, och ifall utlandsresa i sig kan påverka sammansättningen av mikrobiotan. 
I en prospektiv observationsstudie följdes 67 friska svenskar när de reste i 
grupp till länder där risken för att smittas med campylobacter var hög. Rese-
närerna lämnade dubbla avföringsprover vid fem olika tillfällen: två gånger 
före resan, en gång direkt efter hemkomst och två ytterligare uppföljnings-
prov. Det ena provet i varje par odlades på sedvanligt sätt i syfte att upptäcka 
bakterierna campylobacter, salmonella, yersinia och shigella. Det andra provet 
i varje par analyserades för att bedöma sammansättningen av den bakteriella 
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mikrobiotan (förutsatt att försökspersonen inte tagit antibiotika inom tre må-
nader). Vid varje tillfälle svarade försökspersonerna också på utförliga kli-
niska enkäter, med frågor om bland annat intag av läkemedel och antibiotika, 
tarmsymtom och diet. Man kunde se att risken för att infekteras med campylo-
bacter föreföll ökad hos de individer som hade mikrobiota med lägre diversitet 
(det vill säga färre antal olika sorters bakterier). Vidare sågs en ökad relativ 
mängd av bakteriefamiljen Lachnospiraceae eventuellt kunna minska risken. 
Campylobacterinfektionen i sin tur verkade inte påverka sammansättningen 
av mikrobiota (Artikel I).  

Mikrobiotans totala diversitet i tarmen föreföll inte påverkas av utlandsresa. 
Däremot observerades att den bakteriella familjen Enterobacteriaceae (för-
knippad med inflammation, infektion och antibiotikaresistens) ökade mer än 
tio gånger i relativ mängd direkt efter resan, samtidigt som bakteriefamiljen 
Christensenellaceae (förknippad med ett flertal fördelaktiga hälsofaktorer) 
minskade dramatiskt. Detta gällde oavsett resmål, reslängd, typ av resa eller 
samtidig bakteriell tarminfektion. Båda dessa mängdförändringar hade nor-
maliserats inom nio veckor (Artikel II).  

Åtta resenärer, varav tre åkt till ett resmål och fem till ett annat, infekterades 
med väldigt nära besläktade Campylobacter jejuni bakterier (tillhörande det 
klonala komplexet ST353CC). Dessa bakterieisolat analyserades mycket noga 
avseende genomiska och fenotypiska faktorer. De jämfördes också med kli-
niska data och sammansättningen av mikrobiota i de samtidiga avföringspro-
verna, i syfte att påvisa faktorer som kunde förklara skillnader i symtom. Cam-
pylobacterisolaten från den resenärsgrupp som hade mest symtom visade sig 
se minst skadliga ut när man studerade dem i laboratoriet, och tvärtom. Denna 
resenärsgrupp med mest symtom hade däremot mycket högre relativ mängd 
av bakteriefylat Bacteroidetes i sin mikrobiota än individer med lindrigare 
symtom. Samtliga resenärer i gruppen med svårare symtom var också vegeta-
rianer eller veganer, till skillnad från den andra gruppen (Artikel III). I vilken 
grad dessa fynd är relevanta måste avgöras i nya större studier.  

Den sista delen av avhandlingen var en randomiserad, placebo-kontrollerad 
klinisk studie. 80 stycken bekräftat långtidskoloniserade bärare av EPE i tar-
men behandlades med antingen placebo eller med det väletablerade probio-
tikapreparatet Vivomixx©, i hög dos i två månaders tid, detta i syfte att be-
handla bort EPE-kolonisationen. Vivomixx© gav inte bättre effekt än placebo 
(Artikel IV).  



 77
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Supplementary  
Some of the questionnaires 





1. 
 
 
 ResCampyBiome 

Uppsala 
 

Frågeformulär 1 – fylls i i samband med det första avföringsprovet, ca. 2 veckor innan 
resan. 

Vänligen fyll i eller ringa in det rätta alternativet. Formuläret postas sedan, tillsammans 
med underskriven blankett för samtycke, i det bifogade lilla kuvertet till forskarna i 
Gävle. (De två proverna postas i det stora kuvertet till Uppsala.) 

 
1. Grupp ____________ (Fylls i på förhand av forskargruppen) 
2. Namn ____________________________________________________________  

3. Personnummer _______________________   

4. Kön  Man   Kvinna 

5. Hemort ______________________________________________ 

6. Resmål ___________________________________________________________ 
 
7. Avresedatum: _________________________________ 
 
8. Hemkomstdatum: ______________________________ 
 
9. Använder Du eller har Du använt några av nedanstående läkemedel under en period de 

senaste 6 månaderna? 
 Magsyredämpande (t.ex. Omeprazol, Losec, Zantac, Ranitidin, Nexium) 
 Ja Nej Namn______________________________________ 
  

 Antibiotika  Ja Nej Namn________________      

 Om ja, när? ______________________________________________________ 
 Om antibiotika, för vilken infektion? __________________________________ 
 
10. Lider Du av någon av nedanstående sjukdomar? 
 Diabetes   Ja Nej 
 Tarmsjukdom Ja Nej Vilken?______________ 
 Glutenintolerans Ja Nej 
 Laktosintolerans Ja Nej 
 Komjölksallergi Ja Nej 
 Andra tarmbesvär Ja Nej Vilka?_______________ 

 Immunbrist  Ja Nej Vilken?_____________ 

 Annan kronisk sjukdom Ja Nej Vilken/vilka?________ 

 

11. Har Du regelbunden medicinering Ja Nej 

 Om ja, vilken ____________________________________________________ 



 

12. Har Du under de senaste 6 månaderna tagit vaccin mot turistdiarré? (Dukoral) 

   Ja Nej 

 

13. Har Du någon gång tidigare blivit opererad i tarmen? 

   Ja Nej 

 Om ja, vilken orsak _______________________________________________  

 

14. Har Du någon gång tidigare haft magsjuka med påvisad bakteriell orsak?    

   Ja Nej 

Om ja, vilken bakterie?_____________Datum (ungefär)?_________________ 

15. Äter du uteslutande vegetarisk kost? 

   Ja Nej 

16. Har Du under den senaste månaden konsumerat probiotiska produkter?                 

(Probiotika är levande bakterier, oftast mjölksyrabakterier, och finns framförallt som drycker 

men kan även finnas i tablettform eller magdroppar. Några exempel är: Proviva, Actimel, 

Activia, Verum hälsofil, BioGaia, Cultura, Bifiform, Probiomax)  

   Ja Nej 

 Om ja, regelbundet? Ja Nej 

 

17. Röker Du regelbundet?  Ja Nej 

 Om ja, hur många cigarretter dagligen? ___________________ 

18. Snusar Du regelbundet? Ja Nej 

19. Har Du sällskapsdjur?  Ja Nej 

 Om ja, vilket/vilka? ___________________________________________ 

20. Din vikt _____________ och längd _____________________ 

21. Datum Du fyllde i formuläret  Datum _____________________________________ 

 

22. Ditt mobilnummer :________________________________________________________ 

23. Din e-mailadress: _________________________________________________________ 

 

Tack så mycket för Din värdefulla hjälp! 



   3.   
   
 
 
      
 

ResCampyBiome   
     Uppsala 

 
Frågeformulär 3 – fylls i i samband med det första uppföljningsprovet efter resan, så fort 
som möjligt efter hemkomst. 
 
Vänligen fyll i eller ringa in det rätta alternativet. Postas sedan i det bifogade lilla 
kuvertet till forskarna i Gävle. (De två proverna postas i det stora kuvertet till Uppsala.) 
 
1. Grupp _________________ (Fylls i på förhand av forskargruppen) 

2. Namn ____________________________________________________________________ 

3. Personnummer _______________________  

4. När kom Du hem från resan? Datum ______________________________ 

5. Har du tagit läkemedel mot turistdiarré i samband med resan (exempelvis Loperamid, 

Travello, Imodium, Dimor)? 

    Ja Nej  

6. Använder Du eller har Du använt några av nedanstående preparat i samband med eller 

under resan? 

 Magsyredämpande (t.ex. Omeprazol, Losec. Ranitidin, Zantac, Nexium) 

  Ja Nej Namn___________________________ 

 Antibiotika  Ja Nej Namn________________ 

 Probiotika (t.ex. Proviva, Actimel, Activia, Verum hälsofil, BioGaia, 

 Probiomax, Bifiform, Cultura):   

  Ja Nej  

 Namn___________________________________________________________ 

 



 

7. Har Du haft tarmbesvär under resan? 

 Om ja, hurudana tarmbesvär och när? 

___________________________________________________________________________ 

 

 

 Har du behövt söka kontakt med sjukvården på grund av dessa besvär? 

   Ja Nej 

8. Datum Du fyllde i formuläret  Datum _____________________________________ 

9. Ditt mobilnummer:__________________________________________________________ 

10. Din e-mailadress: _________________________________________________________ 

 

Tack så mycket för Din värdefulla hjälp! 
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ResCampyBiome 
Uppsala 
  

Frågeformulär 6     

Bästa ______________________________________________________________________ 

Det har konstaterats växt av _________________________ i Ditt avföringsprov. Om Du har 
frågor kring detta kan Du gärna ta kontakt med läkare Christian Kampmann (tel. 026-153585) 
eller läkare Erik Torell (tel. 026-154230) alternativt smittskyddsläkare Signar Mäkitalo (tel. 
026-155309). Mail: resestudie@lg.se 
 

Försök att fylla i frågorna så noggrant som möjligt. Vänligen fyll i eller ringa in det 
rätta alternativet.  
 

1. Har Du haft diarré eller andra symtom som tyder på en tarminfektion i samband med din 

resa?  Ja  Nej 

 Om ja, kan Du vänligen fortsätta att svara på följande frågor. 

2. När insjuknade Du? Datum________________________________________________ 

3. Har Du tagit läkemedel mot diarré under sjukdomsperioden (t ex Loperamid, Imodium, 

Dimor, Travello)?      Ja Nej 

 Om ja, vilket var preparatet? Namn____________________________________ 

4. Har Du blivit behandlad med antibiotika under sjukdomsperioden? 

   Ja Nej 

 Om ja, när och vilket var preparatet ___________________________________ 

5. Har Du konsumerat probiotiska produkter under resan?                                                                    

(Några exempel på probiotika är: Proviva, Actimel, Activia, Verum hälsofil, BioGaia, 

Cultura, Bifiform, Probiomax) 

   Ja Nej 

 

6. Hade Du några av följande symtom före Du eventuellt fick diarré (ringa in de som 

stämmer)? 

Feber  Ja Nej 
Magont  Ja Nej 
Huvudvärk  Ja Nej 
Muskelvärk  Ja Nej 
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7. När insjuknade Du i så fall med dessa symtom (om flera, välj det datum som något av 

symptomen först började)? Datum________________________________________________ 

 

8. Vilka symtom hade Du under Din sjukdomsperiod och hur länge varade dessa ungefär? 

Antal dygn
  

       Diarré  Ja Nej  __________ 
   Om ja, hur länge hade Du:   

≤3 diarréer/dygn  __________ 

   4 - 9 diarréer/dygn  __________ 

   ≥10 diarréer/dygn  __________ 

   Blodig diarré   __________ 

   Slemmig diarré  __________ 

Magont  Ja Nej  __________ 

Feber  Ja  Nej  __________ 

Frossa  Ja Nej  __________ 

Illamående  Ja Nej  __________ 

Kräkningar  Ja Nej  __________ 

Symtom från leder Ja Nej  __________ 

Andra symptom    __________ 

Vilka ________________________________________________ 

 

9. När tillfrisknade Du helt? Datum ______________________________________________ 

 

10. Om Du inte helt tillfrisknat, vilka symtom kvarstår? 

    

___________________________________________________________________________ 

 

11. Datum då frågeformuläret ifylldes_____________________________________________ 

 

Tack för Din värdefulla hjälp! 





Acta Universitatis Upsaliensis
Digital Comprehensive Summaries of Uppsala Dissertations
from the Faculty of Medicine 1735

Editor: The Dean of the Faculty of Medicine

A doctoral dissertation from the Faculty of Medicine, Uppsala
University, is usually a summary of a number of papers. A few
copies of the complete dissertation are kept at major Swedish
research libraries, while the summary alone is distributed
internationally through the series Digital Comprehensive
Summaries of Uppsala Dissertations from the Faculty of
Medicine. (Prior to January, 2005, the series was published
under the title “Comprehensive Summaries of Uppsala
Dissertations from the Faculty of Medicine”.)

Distribution: publications.uu.se
urn:nbn:se:uu:diva-438449

ACTA
UNIVERSITATIS

UPSALIENSIS
UPPSALA

2021


	Abstract
	List of Papers
	Contents
	Abbreviations
	Foreword
	Introduction
	The intestinal microbiota
	Composition of the intestinal microbiota
	Influences on the composition of the intestinal microbiota

	Sequencing techniques to study microbiota composition
	Amplicon sequencing of the 16S rRNA gene
	Data analysis

	Travellers´ diarrhea (TD)
	Campylobacter
	Epidemiology and clinical picture
	Pathogenesis
	Antibiotic resistance
	Laboratory diagnosis
	Multi Locus Sequence Typing (MLST)
	Models for in vitro infection

	Campylobacter and the microbiota
	Colonization resistance
	Probiotics
	Probiotics, the microbiota and colonization resistance
	Properties, problems and clinical effects

	ESBL-producing Enterobacteriaceae (EPE)
	Global prevalence
	Colonization and infection

	EPE and probiotics

	Aims
	Material and methods
	Paper I, II and III
	Study persons
	Faecal samples
	Questionnaires
	DNA extraction
	16S rRNA gene analysis
	PCR analysis of Campylobacter isolates and faecal samples
	Further analysis of C. jejuni isolates (Paper III)
	Further genomic analyses of ST353CC isolates
	In vitro analyses of ST353CC isolates
	Ethics

	Paper IV
	Study persons and method
	Vivomixx®
	Intervention
	Questionnaires
	Ethics
	Microbiological analyses

	Statistical analysis

	Results
	Paper I and II
	Pre-travel faecal samples
	Enteropathogens detected after travel
	Pre-travel faecal microbiota and susceptibility to enteropathogens
	Influence of Campylobacter infection and travelling on the faecal microbiota

	Paper III
	Putative virulence genes
	Unique genomic content
	In vitro infection model
	Clinical symptoms in C. jejuni ST353CC infected travellers
	Composition of faecal microbiota in travellers later infected with C. jejuni ST353CC

	Paper IV

	Discussion
	Paper I and II
	Pre-travel faecal microbiota and susceptibility to enteropathogens
	Influence of Campylobacter infection and travelling on faecal microbiota
	Enterobacteriaceae and Christensenellaceae

	Paper III
	Paper IV

	Conclusions
	Acknowledgements
	Populärvetenskaplig sammanfattning
	References
	Supplementary



