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ABSTRACT

The intestinal microbiota, that has been estimated to consist of around 1014 bacteria, is 
known to affect the well-being of the host, and has been linked to various diseases such 
as alcoholic liver cirrhosis. Alcohol has been hypothesised to alter intestinal bacterial 
populations and enhance bacterial migration from the intestine into the liver. These bacteria 
and their residuals could then promote chronic inflammation that could eventually lead to 
fibrosis and cirrhosis.

After death, bacteria start to migrate into the organs as a part of normal putrefaction. 
Bacterial migration, i.e., translocation from the intestinal lumen into the blood and visceral 
organs, occurs also normally during life. The time sequence of post-mortem changes in 
intestinal bacterial populations and their migration into organs has not been extensively 
studied. Therefore, it is not known whether results obtained from post-mortem samples 
reflect conditions during life.

The aim of this doctoral thesis was to examine time-dependent changes in the intestinal 
microbiota after death and the translocation of these bacteria into tissues. Finally, we used 
these results to evaluate the role of intestinal bacteria in alcoholic liver cirrhosis.

Post-mortem changes in major intestinal bacterial groups (Bacteroides spp., 
Bifidobacterium spp., Clostridium coccoides, Clostridium leptum group, Enterobactericeae, 
Lactobacillus spp.) and Streptococcus spp. were evaluated in 61 rectal and ceacal samples 
obtained at autopsy and in 7 healthy volunteers using quantitative real-time PCR 
(RT‑qPCR, Study I). Bacterial migration after death into the liver, mesenteric lymph nodes, 
pericardium, portal vein and peripheral blood was examined in a time-dependent manner 
with RT-qPCR and conventional bacterial culturing in 33 post-mortem samples. RT-qPCR 
was used to study the following bacterial groups: Bacteroides spp., Bifidobacterium spp., 
Clostridium leptum group, Clostridium coccoides group, Enterobacter spp., Staphylococcus 
spp. and Streptococcus spp. (Study II). The composition of selected intestinal bacteria 
(Bacteroides spp., Bifidobacterium spp., Clostridium leptum group, Enterobactericeae and 
Lactobacillus spp.) was investigated in 42 rectal samples obtained at autopsy (13 cirrhotics, 
15 alcoholics, and 14 controls) and in faecal samples from 7 healthy volunteers (Study III). 
Intestinal bacterial translocation into the liver (n=42) and its association with cirrhosis 
and ascites (n=12) was also studied with RT-qPCR and CD14 immunohistochemistry.
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Our results show that the relative amounts of Bacteroides spp., Bifidobacterium spp., 
Clostridium spp., Streptococcus spp., Enterobactericeae and Lactobacillus spp. remained 
stable in the rectum for up to 5 days after death (Study I). The proportions of the major 
intestinal bacteria populations in rectal autopsy samples were comparable to faecal 
samples from living persons. In contrast, post-mortem caecal samples proved to be 
microbiologically unreliable, as significant time-dependent post-mortem differences were 
observed in bacterial populations of Bacteroides spp. (p=0.014) and Lactobacillus spp. 
(p=0.024, Study I). Bacterial culturing and RT-qPCR analyses revealed the presence of 
bacteria in peripheral blood soon after death as a result of post-mortem bacterial migration. 
Outside the intestinal tract, the most reliable post-mortem microbiological sampling sites 
at up to 5 days after death were the pericardial fluid and the liver (Study II). Based on the 
results of Studies I and II, cases over 5 days post-mortem were excluded from Study III, 
and RT-qPCR measurements of Bacteroides spp., Bifidobacterium spp., Clostridium leptum 
group, Enterobactericeae and Lactobacillus spp. were selected for the samples. Alcoholic 
liver cirrhotics harboured 27 times more DNA of Enterobactericeae in their faeces than 
living controls (p=0.011). Genomes of this bacterial species were also found in the liver 
and ascites samples from cirrhotics (Study III). The total amount of bacterial DNA was 
associated with the level of CD14 expression (p=0.045). Furthermore, the CD14 expression 
percentage was statistically significantly higher in cirrhotic livers than in autopsy controls 
(p=0.004, Study III).

In conclusion, post-mortem samples from the rectum and liver can be used in basic 
research if taken within 5 days after death. Alcoholic cirrhotics harboured more gram-
negative Enterobactericeae in their faeces and had higher amounts of Enterobactericeae in 
the liver. This suggests the possible involvement of intestinal bacteria in the development 
of alcoholic liver cirrhosis.
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TIIVISTELMÄ

Suoliston mikrobioston, jonka on arvioitu koostuvan noin 1014 bakteerista, tiedetään vai-
kuttavan isäntänsä hyvinvointiin ja se on myös liitetty erilaisiin sairauksiin kuten alkoholi-
maksakirroosiin. On oletettu, että alkoholi muuttaa suoliston bakteeriston koostumusta ja 
lisää bakteerien kulkeutumista suolistosta maksaan. Nämä bakteerit ja niiden jäännökset 
voisivat sitten aiheuttaa maksassa kroonisen tulehdustilan, joka voi lopulta johtaa fibroo-
siin ja kirroosiin.

Kuoleman jälkeen bakteerit alkavat siirtyä elimiin osana luonnollista mätänemispro-
sessia. Translokaatiota eli bakteerien siirtymistä suolen ontelosta vereen ja sisäelimiin ta-
pahtuu normaalisti myös elämän aikana. Kuoleman jälkeisiä suoliston bakteeriryhmien 
muutoksia ja näiden bakteerien kulkeutumista elimiin on tutkittu vain vähän. Tämän 
vuoksi ei tiedetä, voidaanko kuoleman jälkeen otetuilla näytteillä tutkia elämänaikaisia 
tapahtumia.

Tämän väitöskirjatyön tarkoituksena on selvittää miten suoliston bakteeristo kuole-
man jälkeen muuttuu ajan mukaan sekä miten nämä bakteerit kulkeutuvat kudoksiin. 
Sovelsimme näitä saatuja tuloksia suolistobakteerien roolin määrittämisessä alkoholimak-
sakirroosissa.

Kuoleman jälkeisiä muutoksia suoliston merkittävissä bakteeri populaatioissa 
(Bacteroides spp., Bifidobacterium spp., Clostridium coccoides, Clostridium leptum ryh-
mä, Enterobactericeae, Lactobacillus spp.) ja Streptococcus spp. määritettiin 61 ruumiin
avauksesta kerätyissä peräsuoli- ja umpisuolinäytteissä sekä 7 terveen vapaaehtoisen ulos-
tenäytteissä kvantitatiivisella, reaaliaikaisella PCR:llä (RT-qPCR, Osatyö I). Bakteerien 
kulkeutumista kuoleman jälkeisen ajan-funktiona maksaan, suolilieve imusolmukkeeseen, 
sydänpussinesteeseen, porttilaskimoon ja ääreisvereen tutkittiin RT-qPCR:llä ja soluvil-
jelyllä 33 ruumiinavauksen näytteissä. RT-qPCR:llä tutkittiin bakteroideksien, bifido-
bakteerien, klostridien, enterobakteerien, stafylokokkien ja streptokokkien suhteellisia 
määriä (Osatyö II). Valikoitujen suoliston bakteeriryhmien koostumusta (Bacteroides spp., 
Bifidobacterium spp., Clostridium leptum ryhmä, Enterobactericeae ja Lactobacillus spp.) 
tutkittiin 42 vainajan peräsuolinäytteissä (alkoholimaksakirrootikkoja 13, alkoholisteja 
15, kontrolleja 14) ja 7 terveen vapaaehtoisen ulosteissa (Osatyö III). Suoliston bakteerien 
kulkeutumista maksaan (n=42) ja näin osallistumista alkoholimaksakirroosiin syntyyn ja 
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kulkeutumista askitesnesteeseen (n=12) tutkittiin myös RT-qPCR:llä ja CD14 immuno-
histokemialla. 

Tuloksemme osoittavat, että bakteroideksien, bifidobakteerien, klostridien, strepto
kokkien, Enterobactericeae-ryhmän ja laktobasillien suhteelliset määrät pysyivät vakaina 5 
päivään kuoleman jälkeen (Osatyö I). Ruumiinavausten peräsuolinäytteet olivat verratta-
vissa elävien ihmisten ulostenäytteisiin. Kuoleman jälkeen otetut umpisuolinäytteet osoit-
tautuivat epäluotettaviksi, koska bakteroideksien (p=0.014) ja laktobasillien (p=0.014) 
määrät muuttuivat merkitsevästi ajan funktiona (Osatyö I). Viljely ja RT-qPCR tunnis-
tivat bakteereita ääreisveressä heti kuoleman jälkeen osoituksena bakteereiden nopeasta 
kulkeutumisesta. Parhaat mikrobiologiset kuolemanjälkeiset näytteenottopaikat olivat 
sydänpussineste ja maksa aina 5 päivään saakka kuoleman jälkeen (Osatyö II). Osatöiden I 
ja II tulosten perusteella, ruumiinavaukset, jotka olivat vanhempia, kuin 5 päivää jätettiin 
pois Osatyö III:sta, sekä tutkittaviksi bakteeriryhmiksi valittiin Bacteroides spp., Bifido-
bacterium spp., Clostridium leptum ryhmä, Enterobactericeae ja Lactobacillus spp.. Alko-
holimaksakirrootikoilla oli 27-kertaisesti enemmän Enterobactericeae-ryhmän bakteerien 
DNA:ta ulostenäytteissään, kuin elävillä kontrolleilla (p=0.011). Kirrootikoilla Entero-
bactericeae-ryhmää löydettiin myös maksasta ja askitesnesteestä. Maksan kokonaisbaktee-
ri-DNA:n määrä oli yhteneväinen maksan CD14 ilmentymisprosentin kanssa (p=0.045) 
sekä lisäksi CD14 ilmentymisprosentti oli kirrootikoilla merkitsevästi isompi (p=0.004), 
kuin kontrolleilla (Osatyö III). 

Johtopäätöksenä voidaan sanoa, että kuoleman jälkeen otettuja näytteitä peräsuolesta ja 
maksasta voidaan käyttää perustutkimuksessa, jos ne otetaan 5 päivän kuluessa kuolemas-
ta. Alkoholisti kirrootikoilla oli enemmän gram-negatiivisia Enterobactericeae-heimon la-
jeja ulosteessaan, kuin kontrolleilla. Tämän ryhmän bakteereja löydettiin enemmän myös 
kirrootikkojen maksa-näytteistä. Näiden tulosten perusteella voidaan arvella, että suolis-
ton bakteereilla voi olla rooli alkoholimaksakirroosin synnyssä. 
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ABBREVIATIONS

ANOVA	 Analysis of Variance
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BMI	 Body Mass Index
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CYP2E1	 Cytochrome P450 2E1
FRET	 Fluorescence Resonance Energy Transfer
GALT	 Gut-Associated Lymphoid Tissue
GI	 Gastrointestinal
HMP	 Human Microbiome Project
IL	 Interleukin
IRAK	 Interleukin-Receptor-Associated Kinase
IκB	 Inhibitor of NF-κB
IKKα/ß/µ	 IκB Kinase
LBP	 Lipopolysaccharide Binding Protein
LPS	 Lipopolysaccharide, Endotoxin
LSD	 Fisher’s Least Significant Difference Test
MD-2	 Myeloid Differentiation Protein 2 
MLN	 Mesenteric Lymph Node
MyD88	 Myeloid Differentiation Primary Response Protein 88
NF-κB	 Nuclear Factor-κB
Ns	 Non-significant
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RT-qPCR	 Real-Time Quantitative Polymerase Chain Reaction
SCFA	 Short Chain Fatty Acid
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SOCS-1	 Suppressor of Cytokine Signaling 1
Spp.	 Species
TGF-β1	 Transforming Growth Factor β1
TIRAP	 TIR-Domain-Containing Adaptor Protein
TLR	 Toll-Like Receptor
TNF-α	 Tumour Necrosis Factor α
TRAF6	 Tumour Necrosis Factor Receptor Associated Factor 6
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INTRODUCTION

The human gastrointestinal (GI) tract can be divided into upper and lower segments. The 
upper GI tract consists of the oesophagus, stomach, and duodenum; the lower GI tract 
includes the jejunum, ileum, caecum, colon and rectum. The main tasks of the GI tract 
are food digestion and nutrient intake from the lumen into epithelial cells for host to use, 
the absorption of water and the removal of waste material from the body (Lindsay 1995). 
The normal composition of the human intestinal microbiota has not yet been totally 
described, mainly due to the richness of species and considerable inter- and intra-individual 
differences between persons (Eckburg et al. 2005, Ley et al. 2008, Turnbaugh et al. 2009). 
The complexity of the microbial intestinal habitat varies throughout the intestines, both 
longitudinally along the intestine and in the lumen compared to the mucosa (Leser and 
Molbak, 2009). Aerotolerant and acid-resistant bacteria are abundant in the upper GI 
tract, whereas strictly anaerobic bacteria are present in the lower GI tract. The density 
and diversity of bacteria also increases from the stomach to the colon, where transit of the 
intestinal contents is slower and bacteria can colonise more intensely. 

It is currently known that intestinal bacteria play an important role in host normal well-
being (Grenham et al. 2011). This interaction is very complicated and traditionally thought 
to be commensal (i.e., beneficial for one, whereas the other remains unaffected) or nowadays 
sometimes even mutualistic (i.e., beneficial for both). However, in some circumstances, 
when these resident bacteria opportunistically migrate through the intestinal mucosa, they 
can cause various harmful effects. It has been suggested that intestinal bacteria may play a 
role in the pathogenesis of alcoholic liver cirrhosis. Alcohol abuse can change the normal 
intestinal microbiota (Hauge et al. 1997). Due to bacterial overgrowth and metabolism, 
intestinal bacteria or their cell components may migrate into the liver, where they can 
induce chronic inflammation, fibrosis and eventually cirrhosis.

Traditionally, it has been believed that during life, bacteria are only present on mucosal 
surfaces; inner organs, such as the blood and liver, have been considered bacteria-free, i.e., 
sterile. After death, epithelial integrity and the host’s natural defences against bacteria 
vanish, allowing bacterial migration through epithelia into the blood and surrounding 
tissues. Thus, the degradation of the body starts as a part of normal putrefaction. 

After death, it is easy to obtain samples that would be unethical to collect from living 
individuals, e.g., simultaneous biopsies of the liver and intestine. Using post-mortem 
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samples, different disease mechanisms can be studied more intensively. Studies with post-
mortem tissue and blood samples have been conducted (Morris et al. 2006, Tsokos and 
Puschel 2001, Weber et al. 2010), but post-mortem intestinal composition of bacteria and 
studies of the usability of these samples for research purposes have not been performed 
almost at all.

This dissertation focuses on intestinal bacteria and their migration in alcoholic liver 
cirrhosis as well as on the usability and reliability of post-mortem samples obtained from 
the liver, pericardium, blood and mesenteric lymph nodes. The studies were performed in 
autopsy cases as well as living subjects and provide novel information about the usability 
and reliability of post-mortem bacteriological samples. In the first part, the usability of post-
mortem intestinal samples for basic microbiological research was analysed. In the second 
part, a time-dependent investigation of post-mortem bacterial migration into different 
tissues was performed. In the third study, we aimed to investigate the association between 
changes in major intestinal bacterial populations and alcoholic liver cirrhosis. 
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REVIEW OF THE LITERATURE

1	 Intestinal Microbiota

1.1	 Overview of Intestinal Microbiota

The intestine can be separated into the small and large intestines. The small intestine 
consists of the duodenum, jejunum and ileum, whereas the large intestine includes the 
caecum, colon and rectum. The intestinal tract’s main tasks are food digestion, intake of 
nutrients from the lumen into epithelial cells for host to use, the absorption of water and 
the removal of waste material from the body. Food digestion occurs mainly in the small 
intestine. The primary task of the large intestine is to salvage energy from carbohydrates 
not digested in the upper gut and to absorb water, sodium and any useful nutrients left in 
from the digested material (Lindsay 1995). 

Since the days of Louis Pasteur and Ilya Mechnikov, microbiologists have emphasised 
the importance of understanding the effects of the intestinal microbiota on human health 
and well-being (Pai and Kang 2008). The intestinal microbiota is the largest and the 
most diverse of all the human microbiotas, which also include the microbiotas, e.g., of the 
vagina, skin and mouth. The symbiotic interactions between the intestinal microbiota and 
human host are very complicated, and many kinds of different interactions exist. Mainly, 
the nature of these separate interactions remains still unknown. The intestinal bacteria-
host relationship has traditionally for decades been described as a commensal (beneficial 
for one partner but meaningless for the other), rather than a mutualistic (beneficial for 
both) relationship. In other words, one member benefits (the host), whereas the other 
remains mainly unaffected (the bacterial residents) (Ley et al. 2008). Recently, intestinal 
bacteria have been recognized more as beneficial, changing the interaction for more as 
mutualistic (Garrett et al. 2010). Diet, host morphology and host phylogeny have affected 
the composition of the vertebrate gut microbiota; the human gut bacterial microbiota is 
therefore typical of an omnivorous primate (Ley et al. 2008). The intestinal microbiota 
alone counts for 3–5 million genes, 100 times more than in humans (Gill et al. 2006), 
belonging to approximately 1000 prevalent bacterial species, whose functions are only now 
being explored (Qin et al. 2010). 

The intestinal microbiota begins to evolve already at birth, depending on the method 
of delivery (vaginal birth or Caesarean section) (Jakobsson et al. 2013). The composition 
of the microbiota also depends on other factors, e.g., diet (Wu et al. 2011), gender (Markle 
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et al. 2013), habitat and residential area (Yatsunenko et al. 2012), age (Mitsuoka 1992), 
stress, antimicrobial medications (Angelakis et al. 2013) and genetics (Knights et al. 2013, 
Turnbaugh et al. 2009). Nutrition, host defences and disease all affect one another (Kelly 
2010).

Projects such as the Human Microbiome Project (HMP) (Blaser 2010, NIH HMP 
Working Group et al. 2009) and MetaHIT (Qin et al. 2010) have already put much effort on 
characterising the human intestinal microbiota. Since 2007, the HMP has assembled a key 
reference data set of microbial genomes; however, information regarding the distributions 
and functions of these organisms is still lacking, and the effects of microbiome diversity on 
both health and disease have yet to be defined (Lewis et al. 2012, Proctor 2011).

1.2	 Diversity of Intestinal Bacteria

The adult human GI tract contains all three domains of life (bacteria, archaea, and 
eukarya), and it has the highest cell density of any ecosystem (Whitman et al. 1998). 
Intestinal bacteria are taxonomically classified via the traditional biological nomenclature 
of phylum–class–order–family–genus–species–strains. Although 55 phyla of bacteria 
and 13 phyla of archaea have been described living on earth to date, only 9 bacterial phyla 
have been described in the intestine (Ley et al. 2006), of which 5 are rare (Backhed et 
al. 2005). These taxa include Bacteroidetes, Firmicutes, Proteobacteria, Actinobacteria, 
Fusobacteria, Verrucomicrobia and Cyanobacteria (Backhed et al. 2005, Ley et al. 2006), of 
which Bacteroidetes and Firmicutes dominate, together accounting for approximately 85% 
of all sequences in the intestinal tract (Durban et al. 2011). In addition to Bacteroidetes 
and Firmicutes, the two most abundant bacterial phyla in the intestinal microbiota are 
Actinobacteria and Proteobacteria (Arumugam et al. 2011, NIH HMP Working Group et 
al. 2009). 

Bacterial phylotypes in human GI tract mainly from faeacal samples have been 
attempted to be characterized. The count of bacterial phylotypes (defined as organisms 
whose rRNA sequences are 97% homology) is rising constantly but the final richess still 
remains unknown. Eckburg et al. identified 395 different bacterial phylotypes (Eckburg et 
al. 2005) whereas Claesson et al. more than 12 000 (Claesson et al. 2009). One complicating 
factor for evaluating bacterial diversity is that all the bacterial profiles are not shared with 
all individuals; even though all share a common bacterial core. Arumugan et al. divided 
intestinal bacterial populations into 3 different enterotypes (robust clusters) (Arumugan 
et al. 2011). Each of these enterotypes is identifiable by the variation in the levels of 1 of 3 
bacterial genera: Bacteroides, Prevotella and Ruminococcus (Arumugan et al. 2011).

At the species level, the most commonly used estimate of the total amount of bacterial 
species is approximately 500 (Steinhoff et al. 2005, O’Hara et al. 2006), but the number has 
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been reported to vary between 300 (Guarner and Malagelada 2003) and 1000 (Sears 2005). 
It is thought that only 30–40 species account for 99% of the intestinal microbiota (Savage 
2001). Major intestinal species are Bacteroides spp., Bifidobacterium spp. and clostridia 
(Delgado et al. 2004, Moore and Holdeman 1974a, Salyers 1984, Sears 2005). Bacteroides 
spp. alone make up approximately 30% of all intestinal bacteria (Salyers 1984, Sears 2005), 
Bifidobacterium spp. account for 1–5%, and Lactobacillus spp. comprise less than 1–2% 
of bacteria (Franks et al. 1998, Sghir et al. 2000). Other bacteria, such as enterobacteria, 
exist in minor numbers (Delgado et al. 2004). The amount of Enterobactericeae species is 
approximately 0.1% of all intestinal bacteria (Eckburg et al. 2005). 

The major species in the small intestine, including the duodenum, jejunum and ileum, 
are aerotolerant species such as lactobacilli (Saito et al. 2004). In the large intestine, i.e., 
the colon, the bacterial composition depends on the location: the first part of colon, the 
caecum, differs slightly from the rest of the colon. Marteau et al. (Marteau et al. 2001) 
demonstrated that the number of facultative anaerobes that tolerate small concentrations 
of oxygen, e.g., Escherichia spp. and Enterobacter spp., are similar in caecal and faecal 
samples. However, obligatory anaerobes including Bacteroides spp., Clostridium leptum, 
and Clostridium coccoides are less common in the caecum than in the faeces. Compared to 
faeces, smaller numbers of bifidobacteria have been detected in the caecum (Marteau et al. 
2001). The most abundant species in the colon are Bacteroides spp., Bifidobacterium spp. and 
clostridia bacteria belonging to the Clostridium coccoides (cluster XIVa) and Clostridium 
leptum groups (cluster IV) (Lay et al. 2005, Orrhage and Nord 2000). Bacterial cell density 
increases along the intestine (Table 1).

Table 1. Bacterial cell densities. Density levels are presented as bacteria per gram of content.

Site Cell Density
STOMACH 101–104

SMALL INTESTINE
Duodenum
Jejunum
Ileum

104–105

105–107

107–108

LARGE INTESTINE
Caecum
Colon
Rectum

1010–1011

1010–1012

1011–1012

In addition to the longitudinal heterogenity of intestinal bacteria, differences in bacterial 
composition between the lumen and intestinal mucosa have been observed. For example, 
Bacteroides spp., Bifidobacterium spp., Streptococcus spp., Enterococcus spp., Clostridium 
spp., Lactobacillus spp. and members of Enterobactericeae can be found in feces, whereas 
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only Clostridium spp., Lactobacillus spp. and Enterococcus can be detected in in the mucosal 
layer and epithelial crypts (Swidsinsky et al. 2005). 

1.3	 Functions of Intestinal Bacteria

The intestinal microbiota plays a significant role in human well-being and health, due to its 
strong interactions with host. The host-microbe interaction occurs at the large surface of the 
intestinal epithelium, which measures approximately 400 m2 (Lindsay 1995). The bacterial 
content of the intestine is only one cell layer apart from the host’s interns (Lindsay 1995). 
The epithelium is the first line of defence; it regenerates itself constantly, and it actively 
discriminates between commensal bacteria and possible pathogens. This function is called 
a barrier effect. The intestinal barrier function is modified by the gut microbiota (Hooper 
and Gordon 2001, Kauet al. 2011) and vice versa. The microbiota significantly influences 
many structural, metabolic or protective host physiological and immunological processes.

The main beneficial functions of intestinal bacteria include: protection from invading 
pathogens (known as colonising resistance), supporting energy metabolism by digesting 
carbohydrates and proteins that the host cannot digest on its own, modulation of the 
function and structure of the immune system, vitamin (vitamin K and some B-vitamins) 
biosynthesis and mediation of the breakdown of dietary carcinogens (Backhed et al. 2004, 
Canny and McCormick 2008, Garrett et al. 2010, Hooper and Gordon 2001, Pai and 
Kang 2008).

1.3.1	 Physical Functions of Intestinal Bacteria

Resident bacteria, as a part of the physical barrier, compete with pathogens for available 
nutrients in ecological niches, thereby maintaining the collective microenvironment 
(Canny and McCormick 2008) and so inhibiting the growth of other bacteria. Intestinal 
bacteria in the mucus can physically prevent the attachment of pathogenic bacteria and 
inhibit their entry into the epithelium (Canny and McCormick 2008). The intestinal 
bacteria produce acids that lower the pH of the gut wall, making it undesirable for harmful 
bacteria. Colonisation resistance, i.e., preventing new microorganisms from surviving and 
multiplying in the gut lumen, thereby protecting the host against pathogens, is maintained 
in different ways. Anaerobic rods such as Bacteroides spp. and Bifidobacteria spp. maintain 
colonisation resistance and thus are considered beneficial (Backhed et al. 2005, Hooper 
et al. 2001), whereas Staphylococcus spp. are thought to be pathogenic for the gut barrier 
(Sekirov et al. 2010, Shimizu et al. 2006). Studies in germ-free mice have shown that 
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intestinal bacteria induce the proliferation of epithelial cells and increase the total intestinal 
surface area (Heyman et al. 1986).

Just as some nutrients enhance bacterial growth in the gut, other antibacterial 
metabolites produced by intestinal bacteria are known to be protective against invading 
pathogens (Pai and Kang 2008). Certain antimicrobial substances, such as bacteriocins 
and lactic acid, are produced by commensal bacteria, e.g., Lactobacillus spp. (Sekirov et al. 
2010). An antimicrobial peptide, thuricin, produced by Bacillus thuringiensis, has recently 
been shown to inhibit a small spectrum of Clostridium difficile species (Rea et al. 2010). 
Bifidobacterium inhibits translocation of the enterohaemorrhagic toxins produced by 
Escherichia coli from the intestine into the blood through the production of acetate (Fukuda 
et al. 2011); Bacillus subtilis activates cytoprotective heat shock proteins, thus protecting 
the host from oxidative injury to the intestinal epithelium and preserving barrier function 
(Fujiya et al. 2007). 

Total or partial digestion of nutrients is one of the physical functions of the gut 
microbiota. Indigestible plant-derived polysaccharides, including cellulose, pectin, 
hemicellulose, and resistant starches, are digested into short chain fatty acids (SCFAs) 
by intestinal bacteria (Backhed et al. 2005). The main SCFAs produced are acetic acid, 
propionic acid and butyric acid (Vinolo et al. 2011). These provide a source of energy 
and nutrients for the host and are used by different organs (Pai and Kang 2008). SCFAs 
also have a role in controlling intestinal epithelial cell differentiation and proliferation. 
They also help to absorb essential dietary minerals (Grenham et al. 2011, Guarner and 
Malagelada 2003). SCFAs are also produced by intestinal bacteria themselves and are 
known to function as growth-inhibiting factors for many microorganisms, such as yeast 
and certain strains of E. coli. Beside carbohydrates, other substrates for microbial digestion 
include proteins, lipids, nucleic acids, dietary carcinogens and other polymers. It has 
been shown that certain intestinal strains of lactobacilli reinforce epithelial function and 
protein degradation (Pessi et al. 1998) as well as neutralise toxins (El-Nezami et al. 2000). 
It has been estimated that 100 g of such material is being degraded per day by bacteria 
(Cummings and Macfarlane 1997). Addition to this, intestinal microbiota can also digest 
up to 1 kg per day of substances produced by the host, such as epithelial cells, mucins or 
enzymes. By digesting substrates, the microbiota plays an important part in the host’s 
energy balance by influencing the efficiency of the calorie harvest from digested food and 
how this harvested energy is used and stored (Turnbaugh et al. 2009). SCFAs also enhance 
lipogenesis in the liver (Rolandelli et al. 1989), eventually increasing fat uptake and storage 
in the host’s body. It has been shown that a host needs a 30% increase in energy intake to 
maintain body weight in the absence of intestinal bacteria (Wostmann et al. 1983).

Intestinal microbiota influences peristalsis, the periodic movement of the intestine, 
by contributing to the development and maintenance of sensory and motor functions, 
including propulsive activity (Pai and Kang 2008). Other physical influences exerted by the 
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intestinal microbiota include enteric nerve regulation, promotion of angiogenesis (Holmes 
et al. 2011) and regulation of the growth and differentiation of intestinal epithelial cells 
(Morris et al. 2007, Pai and Kang 2008). Biological substances such as SCFAs, toxins and 
dietary carcinogens influence peristalsis.

Moreover, the gut microbiota also plays a major role in the breakdown of dietary 
carcinogens called heterocyclic amines, which are produced by cooking meat or fish at 
high temperatures (Azcarate-Peril et al. 2011, Humblot et al. 2007, O’Hara & Shanahan 
2006), and in the biosynthesis of some vitamins. Members of the Bacteroides, Eubacterium, 
and Propionibacterium genera have a beneficial effect on the host by synthesising certain 
vitamins that the host cannot produce, i.e., the B vitamins folate, B12, and biotin, as well 
as vitamin K (Canny and McCormick 2008).

1.3.2	 Immune System Functions of Intestinal Bacteria

The intestinal microbiota influences the development and maturation of the immune system, 
beginning shortly after birth (Bouskra et al. 2008, Taschuk and Griebel 2012). It is known 
that germ-free mice have fewer B (plasma) cells, smaller Peyer’s patches, fewer intraepithelial 
lymphocytes, and improperly functioning antimicrobial and immunoglobulin A (IgA) 
secretion (Round and Mazmanian 2009), all of which can be corrected with recolonisation 
by intestinal bacteria (Chung et al. 2012). Once the host immune system has developed 
and tolerance between bacteria and the host has evolved, the host regulates bacterial 
composition in the gut, and possibly harmful bacteria are recognised in a co-operative way. 
The discrimination between normal intestinal bacteria and possible pathogens is usually 
mediated by toll-like receptors (TLRs), which are pattern-recognition receptors situated in 
the intestinal epithelium. These receptors recognise pathogens by their different pathogen-
associated molecular patterns (Sansonetti 2008), triggering the inflammatory cascade. 
Intestinal bacteria also have immunomodulatory activity, reflected in their influence 
on inflammatory mediators and immune regulatory cells (Pessi et al. 1998, Pessi et al. 
2000, Pessi et al. 2001, Strauch et al. 2005). Signals from resident intestinal microbiota 
are required for normal immune development and maintenance of the epithelium and 
associated immune cells throughout life. Substances secreted by these bacteria can be 
stimulatory or inhibitory to the immune system (Fukuda et al. 2011, Mazmanian et al. 
2005, Sokol et al. 2008). 

Five types of differentiated cell lineages contribute to barrier function: goblet cells, 
Paneth cells, micro-fold (M) cells, enteroendocrine cells and absorptive enterocytes (Garrett 
et al. 2010). A thick mucus layer, produced by goblet cells, inhibits bacterial attachment 
into the epithelium (Davies et al. 1998). Paneth cells actively sense the microbiota, produce 
antimicrobial substances and activate TLRs. Enteroendocrine cells that work as important 
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sensors of luminal bacteria and absorptive enterocytes can produce antimicrobial 
substances (Garrett et al. 2010). Both cell types are involved in immunoglobulin transport 
though the epithelium and the incorporation of the secretory A component into IgA. M 
cells are important in pathogen handling and initiation of antibody production (Debard 
et al. 2001).

IgAs are important in maintaining the balance between gut microbiota and immune 
system of the host. IgA prevents aerobic bacteria from adhering to the enterocytes. These 
antibodies can be divided into two categories: IgA1 and IgA2; IgA2 is dominant in 
mucosal surfaces (Mestecky et al. 1999). IgAs are produced in the lamina propria (a highly 
vascular layer of connective tissue under the basement membrane lining a layer of intestinal 
epithelium), where they form complexes with immunoglobulin receptors expressed on 
epithelial cells. They are then transported across the epithelial cell into the apical surfaces 
near to the intestinal lumen (Wershil and Furuta 2008). IgA is then disengaged from the 
cell receptor, and it passes into the lumen. Secretory IgA prevents possible pathogens from 
penetrating the intestinal epithelium by neutralising toxins and infectious organisms, 
as well as by opsonisation (Mestecky et al. 1999). Secretory IgA also maintains gut 
homeostasis by regulating the composition of the intestinal microbiome and dampening 
local inflammation produced by bacteria (Fagarasan and Honjo 2004). It has been shown 
that the intestinal microbiota increases the production of duodenal IgA-plasmocytes 
(Moreau et al. 1978) and the number of enteroendocrine cells in the jejunal and colonic 
epithelium (Sharma and Schumacher 1995, Sharma et al. 1995), indicating enhancement 
of the production of secretory IgA and mucus.

Intestinal homeostasis is maintained by the intestinal microbiota; although the 
intestinal microbiota usually has many beneficial effects, homeostasis can sometimes be 
disrupted, and intestinal diseases can develop. Most intestinal bacteria are commensals or 
mutualistic; however, after translocation through the mucosa or under specific conditions, 
they can opportunistically cause pathogenic outcomes. Invading pathogens have developed 
different ways to enhance survival in the dense intestinal bacterial community, where the 
level of nutrients is modulated by the resident microbiota. Invading pathogens, like members 
of the normal microbiota, must compete for nutrients; some organisms, e.g., Vibrio cholerae, 
Campylobacter jejuni and enterohaemorrhagic E. coli, have therefore developed their own 
strategies to utilise the unique metabolites found within the intestines to compete and 
induce virulence (Nakanishi et al. 2009, Schild et al. 2007, Velayudhan et al. 2004). To 
obtain beneficial molecules for their existence, some pathogens even interact directly with 
the host. Infection with Salmonella typhimurium generates a respiratory electron acceptor 
tetrathionate that provides a growth advantage for the bacterium (Winter et al. 2010, 
Winter and Baumler 2011). Some species of gut flora, such as some members of the genus 
Bacteroides, are able to change their surface receptors to mimic those of host cells and so 
escape the host’s immune response (Guarner and Malagelada 2003, Steinhoff 2005). 
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Changes in the composition of the intestinal microbiota have also been shown to affect 
organs outside the GI tract. It has been suggested that gut microbiota may play a role in 
the development of diverse and complex diseases, e.g., alcoholic liver cirrhosis (Chen et al. 
2011) and atherosclerosis (Rosenfeld and Campbell 2011), due to abnormal interactions 
between commensal bacteria and the immune system (Rioux et al. 2005). Autism, 
diabetes, obesity and allergies are also thought to be caused by imbalances in intestinal 
microbiota populations (Willing et al. 2011). Autism has particularly been associated 
with the presence of Clostridium spp. (Finegold et al. 2002). The intestinal microbiota has 
also been associated with the development of obesity. In obesity, the correlation between 
weight and the Bacteroidetes-Firmicutes ratio has been shown to be altered (Turnbaugh et 
al. 2006), with a decrease in the amount of Bacteroidetes and an increase in Firmicutes (Ley 
et al. 2005). In obesity, the microbial population in the intestine harbours a notably greater 
number of genes coding for enzymes that take part in the degradation of polysaccharides 
than in normal-weight individuals (Turnbaugh et al. 2006). Although much is known 
about bacterial involvement in the development of different diseases, further studies are 
needed to understand and fully clarify the associations between the intestinal microbiota 
and illnesses.

1.4	 Methods for Studying Intestinal Bacteria

The normal composition of the human intestinal microbiota has not yet been totally 
resolved, mainly due to the large number of species present and significant inter- and intra-
individual differences (Eckburg et al. 2005, Ley et al. 2008, Turnbaugh et al. 2009). The 
methodological limitations of conventional bacterial culture have also hindered efforts to 
describe the spectrum of intestinal bacteria. Traditionally, the composition of the human 
intestinal microbiota has been determined by conventional culturing. It is estimated that 
only 40–30% of bacteria living in the human intestinal tract can be cultured with current 
methods (Hayashi et al. 2002). As most intestinal bacteria being anaerobes, they won’t 
grow on normal plates (Eckburg et al. 2005, Rinttilä et al. 2004). Further, identification of 
bacteria with, e.g., gram staining, biochemical tests, specific media or antibiotics, can only 
be done below the genus level. However, as it is relatively inexpensive, widely available and 
allows quantification of bacterial populations, culturing has provided a good indication of 
ecosystem complexity, if it is carried out by skilled and experienced microbiologists (Furrie 
2006). As a method, culturing is a relatively slow and results are widely affected by media and 
growth conditions. Traditional culturing may also not provide any information regarding 
the microbe of interest if the bacteria in the samples have been exposed to unfavourable 
or pernicious conditions that disrupt or end growth. Thus, the reliability of culturing has 
been questioned due to the possibility of false negative results (Alain and Querellou 2009). 
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New methods have been discovered to provide quicker and more accurate identification 
of intestinal bacteria, mainly for research purposes. Culture-independent polymerase chain 
reaction-based methods, such as amplification of bacterial RNA or DNA sequencies (Furet 
et al. 2009) are widely used. A major advantage of DNA-based detection methods is that 
microorganisms do not need to be cultured before analysis, resulting in a more accurate 
picture of microbial diversity and population composition. Other widely used molecular 
microbiological methods for studying intestinal bacteria are sequencing-based methods 
such as pyrosequencing (Claesson et al. 2009), shotgun sequencing (Sanger sequencing) 
(Eisen 2007) and microbial metagenomics (Manichanh et al. 2006, National Research 
Council (US) Committee on Metagenomics: Challenges and Functional Applications, 
2007, Schloss and Handelsman 2005), which are capable of producing a huge amount of 
sequence data in a relatively short time. Metagenomics can identify the different species of 
bacteria that are present in a sample, but not the relative amounts of each species (Furrie 
2006). 

1.4.1	 Real-Time Quantitative PCR

Real-time quantitative PCR (RT-qPCR), a technology used to quantify DNA sequences 
amplified by PCR, has revolutionised human intestinal bacteria reseach, because 
both PCR chemistry and fluorescent probe detection of the desired microbe can be 
performed in the same reaction at the same time. This saves both money and time. As 
the nucleic acid amplification and detection reactions are carried out in the same tube, 
the risk of contamination of subsequent analyses is reduced (Espy et al. 2006). The three 
most commonly used technologies for nucleic acid detection in the microbiological RT-
qPCR reaction are molecular beacons, fluorescence resonance energy transfer (FRET) 
hybridisation and 5 Nuclease (TaqMan) probes, which are based on the transfer of light 
energy between two different dye molecules, known as fluorescence resonance energy 
transfer (Espy et al. 2006). FRET hybridisation consists of two probes, whereas in molecular 
beacons and TaqMan probes, two dye molecules are attached to one probe. All these probes 
are collectively known as FRET probes, even though the term specifically refers to the 
FRET hybridisation method. The first dye is fluorescent, and the second is a quencher or 
another fluorescent dye that is able to absorb that fluorescent light from the first dye and to 
re-emit it at a different wavelength (Espy et al. 2006). The first fluorescent probe made for 
RT-qPCR was the 5 nuclease probe that is generally known as that TaqMan probe. The 
TaqMan probe is a short DNA oligonucleotide that contains a fluorescent dye at the 5 end 
of the molecule and a quencher dye at the 3 end. As the probe binds to a complementary 
DNA strand during the PCR reaction, the 5 end is cleaved by Taq polymerase activity, 
separating the quencher from the fluorescent dye. The separated 5 dye can be detected as an 
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emitted light signal. The cleaved fluorescent dye accumulates after each PCR temperature 
step and can be measured at any time, unlike molecular beacons and FRET hybridisation, 
where fluorescence can be measured only in the hybridisation step (Espy et al. 2006).

There are two different methods for performing RT-qPCR quantification of the 
target: absolute quantification and relative quantification (Page and Stromberg 2011). 
With absolute quantitative RT-PCR, the amount of the desired target can be calculated 
from a standard curve, which is generated by adding diluted standard series into each 
run. These standards have a known amount of the target nucleic acids. Using the known 
DNA concentration in each standard sample, the instrument’s software creates a standard 
curve in a fluorescence plot that can be used to determine the copy number of the target 
sequence (Espy et al. 2006, Hyndman and Mitsuhashi 2003). The amount of the measured 
molecule can be calculated using the equation y = slope log (X) + intercept (Yoshida et al. 
2003). Using the relative calculation method, the relative amounts of the desired molecule 
compared to a reference value can be calculated (Suzuki et al. 2005, Tichopad et al. 2010).

Primers for RT-qPCR must be unique to the DNA sequence of the desired microbe. The 
primers must be efficient and specific in identifying the target complementary sequence in 
the specimen of interest, e.g., faeces, tissue or blood (Hyndman and Mitsuhashi, 2003). 
Usually, the primers are constructed into the bacterial 16S ribosomal DNA (rDNA) 
sequence, as this sequence is universally distributed between different species and is reliable 
for inferring phylogenetic relationships (Eckburg et al. 2005, Woese and Fox 1977). 
Prokaryotic ribosomes are constructed of two parts, the 50S (large) subunit and the 30S 
(small) subunit. The small subunit includes the 16S RNA unit and 21 proteins (Stanier et 
al. 1990). Additionally, part of the 16S rDNA is highly conserved and thus can be used 
for primer binding sites. The gene sequences also contain hypervariable regions that are 
species-specific and therefore can be used to identify different bacteria (Pereira et al. 2010). 
Certain bacterial species, like oral viridans streptococci, are highly homologous. Because 
their genetic similarity is more than 97%, the identification of those species using the 
sequence analysis of the 16S–23S rDNA intergenic spacer is highly recommended (Chen 
et al. 2004, Chen et al. 2005).

There are publicly available databases of bacterial 16S rDNA sequences, such as the 
National Centre for Biotechnology Information server (http://www.ncbi.nlm.nih.gov/), 
EzTaxon-e (http://eztaxon-e.ezbiocloud.net/) and the Ribosomal Database Project (http://
rdp.cme.msu.edu/probematch/search.jsp).
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2	 Post-Mortem Bacteriology

2.1	 Bacteria in Life and after Death

Bacteria are present in every ecosystem in the earth. They are able to colonise all mucosal 
surfaces, the gut, as well as the skin of the human body. It has been estimated that the 
number of microbes in life in our bodies together make up ten times the number of human 
cells (Ley et al. 2006), representing a gene set 100 times greater than ours (Qin et al. 2010). 
Many of these unique genes are products of a long process of co-evolution of the host and 
the resident bacteria. Successive genes have been selected based on advantages that are 
provided for the well-being of the host, not just for the bacterium itself (Willing et al. 
2011). Normally, during life, there is homeostasis between resident bacteria and the host. 
However, inner organs, like the blood, brain, heart, liver and spleen are considered to be 
sterile.

After death, all the defensive immune mechanisms in the human body that are 
operational during life cease, and resident bacteria start to degrade the body, as a part of the 
normal cycle of life. Tissue barriers and immune processes that destroy bacteria naturally 
vanish, and bacteria start to migrate through epithelial surfaces into blood and surrounding 
tissues. Decomposition is very important in the cycling of nutrients and organic matter in 
ecosystems and is the base for food webs. Although micro-organisms play a key role in 
normal decomposition, little is known about the processes that occur in a cadaver during 
degradation. It is known that several factors, such as moisture and humidity (Carter et 
al. 2010), temperature (Barton et al. 2013), type of tissue (Dickson et al. 2011) and pH 
(Haslam and Tibbett, 2009) influence microbial populations and their functions during 
the decomposition process.

The presence of pathogenic bacteria in post-mortem tissue samples can be used as 
an indication of lifetime infection, referring to the presence of such bacteria during the 
individual’s life (Krous et al. 2004) and can be used in determining the possible cause 
of death. Apart from the use of post-mortem bacteriological results for diagnosing an 
infection during life, this procedure has been applied to a broad spectrum of specific 
forensic questions, e.g., determination of the post-mortem interval (Pechal et al. 2014, 
Tsokos and Puschel 2001). Post-mortem bacteriology is also a valuable tool for studying the 
role of bacteria in causing different diseases during life. After death, autopsy allows samples 
to be obtained simultaneously from different tissues (e.g., intestine and liver) that generally 
cannot be obtained from living individuals because of ethical and practical reasons.
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2.1.1	 Post-Mortem Intestinal Microbiota

Little research has been conducted regarding the composition of post-mortem intestinal 
microbiota and time-dependent changes in intestinal flora after death. Only one 
study, in three elderly women, has examined intestinal bacterial populations after 
death (Hayashi et al. 2005). The results of this study showed that the jejunal and ileal 
microbiota consist of mostly facultative anaerobes or aerobes belonging to streptococci, 
lactobacilli, Gammaproteobacteria, Enterococcus spp. and Bacteroides spp.. Hayashi et al. 
also demonstrated that the caecal microbiota was more complex than that found in the 
jejunal and ileal regions. The C. coccoides group, the C. leptum subgroup and the Bacteroides 
group were detected in the caecum, whereas colonic microbiota consisted of more complex 
microbial communities belonging to the C. coccoides and C. leptum groups, Bacteroides 
spp., Gammaproteobacteria, Bifidobacterium spp., streptococci and lactobacilli (Hayashi 
et al. 2005). Thus, it is unknown whether post-mortem intestinal samples are usable for 
research of the possible involvement of the intestinal microbiota in the pathogenesis of 
different diseases during life.

After death, the body’s temperature drops from approximately 37°C to that of the 
environment, which is usually close to 20°C (room temperature), but depends on the 
circumstances of death. In a mortuary, the temperature is kept at +4°C. Most human 
intestinal bacteria are temperature-dependent thermophilic bacteria, meaning that they 
require a normal body temperature to survive and multiply. After death, interactions 
between the body and intestinal bacteria stop due to a lack of oxygen, a consequent imbalance 
in nutrient levels, and a shift from communities dominated during first decomposition 
phases by aerobic bacteria (Staphylococcus spp. and Enterobacteriaceae) to those dominated 
by anaerobic bacteria (Clostridium spp. and Bacteroides spp.) (Hyde et al. 2013). Bacteria 
conquer these difficulties with strategies that differ depending on the capabilities of the 
species. For example, the facultative anaerobic Enterobactericeae may be more sensitive to 
oxygen levels than obligatory anaerobes Bacteroides spp. and Clostridium spp. (Hyde et al. 
2013). The diversity of bacterial phyla decreases over the course of decomposition (Pechal 
et al. 2014).

During life, the major site of bacterial fermentation is the caecum. The principal sources 
of carbon and energy for intestinal bacteria are indigestible starches and other carbohydrates 
(Macfarlane and Macfarlane 1997). Over 99% of intestinal bacteria are anaerobes, but in 
the caecum, aerobic bacteria reach high densities (Sears 2005). After death, available oxygen 
is depleted, turning aerobic into anaerobic fermentation, with conversion of adenosine 
triphosphate (ATP) into adenosine diphosphate (ADP) and lactic acid (Butzbach 2010). 
This type of fermentation rapidly acidifies the intracellular environment. As a result of 
cell autolysis, intestinal pH decreases, and numerous enzymes lose their activity (Vass et 
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al. 2002). These phenomena interfere with intestinal bacterial growth and population 
diversity (Butzbach 2010) in an unknown way. 

2.2	 Microbiological Reliability of Post-Mortem Samples

The reliability of post-mortem samples for clinical purposes and determining the cause of 
death has been studied (Lobmaier et al. 2009, Roberts 1998, Tsokos and Puschel 2001, 
Weber et al. 2010). However, debate continues regarding the optimal sampling site and 
the length of the time period after death during which samples can be taken. It has been 
proposed that samples for post-mortem microbiology should be taken from at least two 
different sites to improve reliability (Tsokos and Puschel 2001). Thus, sampling from 
two sites is currently an essential part of standard procedures when there is a suspicion of 
possible involvement of bacteria in death (Tsokos and Puschel 2001). This protocol is used 
in cases of sudden unexpected death in infancy (Bajanowski et al. 2007). 

The best possible site for taking the samples is also controversial. Different sampling sites 
have been proposed, including cerebrospinal fluid, blood, spleen, lung, and liver (Lobmaier 
et al. 2009, Roberts 1998, Tsokos and Puschel 2001, Weber et al. 2010). Only few studies 
have concentrated on the effect of post-mortem time on bacterial migration after death 
(Morris et al. 2006, Weber et al. 2010, Wilson et al. 1993).

2.2.1	 Origins of Bacteria in Post-Mortem Samples

During life, the immune system normally clears bacteria from the bloodstream in a rapid 
and efficient fashion, regardless of whether the bacteria originate from a focal infection or 
from the intestine. Occasionally, bacteria escape immune surveillance, and life-threatening 
events such as septicaemia can occur (Morris et al. 2007).

The possible origins of bacteria in post-mortem samples include all mucosal and 
epithelial surfaces of the body, e.g., the gut, oral cavity and respiratory tract. Four different 
mechanisms are responsible for the presence of bacteria in post-mortem samples, including 
agonal spread, contamination, post-mortem translocation, and being genuine positive 
(Morris et al. 2006). In agonal spread, bacterial invasion into tissues or blood happens 
during the death struggle or during resuscitation, when circulation is artificially maintained. 
Mucosal integrity decreases, allowing bacteria to more easily migrate into tissues. This 
most likely generates mixed bacterial growth (Morris et al. 2006). Sample contamination 
from outside sources is a major problem in life and cannot be completely avoided after 
death. Sample contamination can be caused by insufficient sampling techniques. Post-
mortem translocation, i.e., bacterial migration, is a part of normal decomposition in 
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which bacteria migrate from the mucosal surfaces into the blood and body tissues (Morris 
et al. 2006, Morris et al. 2007), probably causing increased multimicrobial growth and 
the loss of sterility (Wilson et al. 1993). In genuinely positive cases, bacteria were already 
present in life and can be found after death. During life, bacterial translocation is defined 
as the passage of viable bacteria from the GI tract through the mucosal epithelium to 
extraintestinal sites (Berg and Garlington 1979). Genuine positive results will consist of 
pure growth of a recognised pathogen, whereas mixed bacterial findings indicate post-
mortem contamination or growth.

2.2.2	 Effect of Post-Mortem Time

Another unanswered question in post-mortem microbiology is that of how long after death 
samples can be taken. In 1964, it was demonstrated that 40% of blood samples are positive 
for bacteria within 18 hours after death (Carpenter and Wilkins 1964), but the time needed 
for bacteria to reach visceral organs is unknown. Only a few post-mortem microbiological 
investigations have studied the effects of time since death on bacterial translocation (Morris 
et al. 2006, Weber et al. 2010), and the results of these studies are controversial.

It has been thought that bacterial translocation through gut mucosal surfaces into the 
blood and into visceral organs increases according to the length of time that has elapsed 
since death (Wilson et al. 1993). However, a retrospective study by Weber et al. suggested 
that a longer post-mortem interval is not associated with an increased frequency of 
bacterial positive results or with an increased rate of polymicrobial findings (Weber et al. 
2010). Additionally, Morris et al. proposed that the post-mortem interval has only a small 
effect on the bacterial isolation rate and that bacterial translocation is not a problem if the 
body has been stored properly at +4°C soon after death (Morris et al. 2006). Clearly, more 
investigations into bacterial behaviour after death are needed.

3	 Effect of Alcohol on the Intestinal Tract

3.1	 Alcohol

Ethyl alcohol, or ethanol (CH3CH2OH), is an acyclic organic compound in which a 
functional hydroxyl group (-OH) is linked to a carbon molecule. Ethanol is the psychoactive 
ingredient in alcoholic beverages and can cause severe intoxication when consumed in 
excess. In nature, alcohol is usually fermented from carbohydrates by yeast. The earliest 
evidence of alcohol use is present in 9,000-year-old pottery from China, and the first 
scientific findings regarding ethanol date from the 9th century. 
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Sex, ethnicity, weight, nutritional status, and the dose and quality of alcoholic beverages 
all influence the sensitivity of tissues to alcohol (Alatalo et al. 2008, Bode and Bode 2003). 
In Finland in 2013, the total consumption of alcoholic beverages in a year was 11.6 liters 
per every 15 years old or older Finnish citizen presented as 100% alcohol (THL 2013). 
In Finland, the weekly limits defining at-risk alcohol use are 280 g (24 portions/week, 7 
portions in a single use) for men and 190 g (16 portions/week, 5 portions in a single use) 
for women. According to these limits, up to 15% of the adult Finnish population can be 
considered to be at-risk users. 

In 2012, 1518 men and 442 women died due to alcohol in Finland (SVT 2012a and b). 
Of all these deaths, 20% (375 persons) died because of alcoholic intoxication (76% men) 
and the rest (1585) were due to diseases, mainly liver (1099) and heart diseases, induced by 
alcohol abuse (SVT 2012c). 

3.2	 Alcohol and the Intestinal Microbiota

Documented changes occur in intestinal bacterial populations in response to ethanol. 
Bacterial overgrowth has been observed along almost the entire GI tract (Hauge et al. 1997, 
Yan et al. 2011). The occurrence of intestinal bacterial overgrowth in alcoholics has been 
found to be three times higher than in subjects who do not abuse alcohol (Bode et al. 1993). 
Significant decreases in amounts of probiotics, i.e., beneficial bacteria for the host, such as 
Lactobacillus spp., Pediococcus spp., Leuconostoc spp. and Lactococcus spp. (Hartmann et 
al. 2013, Yan et al. 2011) have been observed. Mutlu and colleagues showed that ingested 
alcohol changes intestinal bacterial population toward more harmful species by decreasing 
Bacteroidetes and increasing Proteobacteria populations (Mutlu et al. 2012). The altered 
intestinal microbiota is able to produce ethanol and metabolise it into acetaldehyde, which 
in turn can further increase intestinal permeability. 

3.3	 Alcohol and the Gut Epithelium

The absorption of alcohol occurs by diffusion through the mucosa of the whole GI tract. 
The diffusion rate depends on mucosal permeability, blood flow and the concentration 
gradient across the mucosa (Bode 1980). Most of this absorption happens in the duodenum, 
jejunum and ileum. Alcohol concentration levels in the ileum are approximately the same 
as in the blood. Thus, most of the epithelial damage is expected to occur at those sites. In 
ethanol-fed animals, a large increase in villus height has been observed in the jejunum. 
In addition, ethanol alters the villus surface area and mucosal surface area (Keelan et al. 
1985). Furthermore, alcohol has an effect on absorption of nutrients, vitamins, water, and 
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sodium, as well as the immune functions of the intestine. Alcohol and its metabolites 
can cause mucosal damage (i.e., duodenal erosion and bleeding) and intestinal bacterial 
overgrowth (Bode and Bode 2003). Chronic alcohol consumption significantly disrupts 
both peripheral and mucosal immune homeostasis, possibly by changing microRNA 
expression in intestinal immune cells and reducing the amount of colonic T-helper cells 1 
and 17 in a dose-dependent manner (Asquith et al. 2013). Alcohol and its metabolites have 
an effect on intestinal permeability and cause leakage of intestinal cell junctions (Basuroy 
et al. 2005). An association between increased intestinal permeability to macromolecules 
and chronic alcohol use was first shown in the 1970s (Bungert 1973, Worthington et al. 
1978).

Alcohol is metabolised into acetaldehyde in an oxidative process by alcohol 
dehydrogenase and cytochrome P450 2E1 (CYP2E1), and further into acetate by the 
mitochondrial acetaldehyde dehydrogenase, which occurs mainly in the liver (Elamin et al. 
2013). Alcohol metabolism and acetaldehyde formation also occur in intestinal epithelial 
cells (Seitz et al. 1996, Seitz and Becker 2007) and in the intestinal lumen, mediated by 
the alcohol dehydrogenases of the microbiota (Jokelainen et al. 1996, Nosova et al. 1996). 
Extrahepatic ethanol metabolism makes up approximately 40% of total ethanol elimination 
in patients with liver cirrhosis (Utne and Winkler 1980). One major extrahepatic site for 
microbial oxidation of alcohol is thought to be the colon (Tillonen et al. 1999). Colonic 
bacteria, such as Escherichia coli, can oxidize alcohol in a microaerobic environment 
using their alcohol dehydrogenases (Salaspuro et al. 1999). Alcohol metabolism is a slow 
process, and when alcohol is abused constantly for prolonged periods, acetaldehyde can 
build up in the liver, activating collagen synthesis in the hepatic stellate cells (Wang et 
al. 2006). Acetaldehyde accumulation can also be observed in the intestinal lumen as 
well as in the epithelium. Acetaldehyde, a highly unstable molecule that quickly forms 
potentially harmful adducts with other molecules, is the first and most toxic metabolite 
of ethanol metabolism. These metabolites can stimulate the redox state, hepatic steatosis, 
the production of reactive oxygen species and lipid peroxidation in the liver. In turn, these 
processes increase the production of other reactive aldehydes that can alter normal liver 
functions, induce cell death and promote liver inflammation (Schaffert et al. 2009). 

Acetaldehyde causes leakiness of the intestinal epithelium by affecting close contacts 
between the plasma membranes of adjacent cells, known as tight junctions. The loss of 
protein–protein interactions is associated with acetaldehyde-induced barrier dysfunction. 
Tight junctions regulate epithelial integrity and cell-cell adhesion, as well as transportation 
through the extra-cellular matrix (Basuroy et al. 2005). Acetaldehyde has a direct effect on 
gut epithelium barrier by disrupting tight junctions and adherens junctions by increasing 
tyrosine phosphorylation of proteins, such as occludin, E-cadherin and beta-catenin, 
present in them. As a result, levels of the tight junction-associated proteins occludin, zonula 
occludens-1, E-cadherin and beta-catenin decrease in tight junctions (Basuroy et al. 2005). 
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Ethanol exposure has been shown to reduce the distribution of phosphorylated occludin 
in the activated intestinal epithelial through Toll-like receptor 4 (TLR-4) (Li et al. 2013). 
Furthermore, acetaldehyde is known to activate the transcription factor Snail in intestinal 
epithelial cells, which is involved in transport from the epithelium to the mesenchyma. 
The activation of Snail suppresses the expression of the tight junction and adherens 
junction proteins claudins and occludins, thereby weakening these junctions (Ikenouchi 
et al. 2003). Ethanol’s activation of Snail and nitric oxide synthase also disrupts intestinal 
epithelial tight junctions (Forsyth et al. 2011). A decrease in the amount of proteins in 
the junction loosens the connections of adjacent cells. Looser connections allow a greater 
variety of molecules to cross the epithelium. This may enhance the translocation of bacteria 
and their products from the intestines into the liver. 

Alcohol use has been associated with increased plasma levels of bacterial endotoxins 
(Adachi et al. 1995, Nanji et al. 1993, Tamai et al. 2000). The increase in plasma endotoxin 
levels may be due to reduced reticuloendothelial phagocytosis in monocytes and leakage of 
the intestinal epithelium (Bode et al. 1987) due to alcohol metabolites (Basuroy et al. 2005). 
The elevated endotoxin levels may promote chronic inflammation through the cluster-of-
differentiation 14 (CD14) receptor, further increasing leakage through the intestinal wall 
(Bode et al. 1987). 

4	 Association between Alcoholic Liver Cirrhosis and Gut Bacteria

4.1	 Alcoholic Liver Cirrhosis (ALC)

The liver is the largest organ. Its main tasks are the breakdown of red blood cells, storage 
of glycogen and blood, synthesis of proteins, e.g., coagulation factors and vitamins, 
hormone production, detoxification of drugs and toxins and production of digestives like 
bile (Lindsay 1995). The normal liver is constructed of lobes that are further separated by 
connective tissue into lobuli. There is a central vein at the centre of each lobulus. In hepatic 
tissue, hepatocytes, the main liver cells, are organised into single-cell layers that are separated 
on both sides by sinusoids (small blood capillaries). The portal vein and hepatic artery are 
located between the lobuli. Blood from the portal vein and hepatic artery flows through 
the sinusoids into the central vein. The sinusoidal epithelium is non-discontinuous, with 
holes both in the intracellular epithelium and in the cells, permitting removal of substances 
from the blood. The epithelial macrophages in the liver are called Kupffer cells. The space 
of Disse lies between the sinusoids and hepatocytes and is where the exchange of molecules 
between blood and hepatocytes occurs. The hepatic stellate cells are in the space of Disse 
(Hall and Arnold 1995).
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There are three major forms of alcoholic liver disease (ALD): alcoholic fatty liver, 
alcoholic steatohepatitis and alcoholic liver cirrhosis (ALC). Chronic alcohol consumption 
may lead to alteration of the normal structure of hepatic tissue. If alcohol consumption 
continues, it leads almost invariably to the development of fatty liver, which is characterised 
by the accumulation of triglycerides in hepatocytes, possibly leading to fibrosis and cirrhosis 
(Hall and Arnold 1995). In 1978, the World Health Organization defined cirrhosis as a 
process that is characterised by fibrosis and the conversion of the normal liver structures 
into structurally abnormal nodules (Anthony et al. 1977). ALC is the irreversible end stage 
of ALD and is characterised by the conversion of normal hepatic tissue into collagen due to 
fibrinogenesis. The space of Disse is also occupied by extracellular matrix. Thus, the linkage 
between hepatocytes and portal blood sharply declines, and liver injury occurs (Hall and 
Arnold 1995). Hepatitis is an inflammation of the liver caused by toxic substances such as 
alcohol, infections, or viruses (Hall and Arnold 1995)

ALC is a major cause of mortality worldwide (Purohit et al. 2009). In Western countries, 
including Finland, more than 80% of liver cirrhosis cases are caused by excessive ethanol 
consumption. However, only a minority (approximately 10–20%) of alcoholics develop 
liver cirrhosis, regardless of the duration or amount of drinking, suggesting the possible 
involvement of genetic and other risk factors (Färkkilä 2013). 

Ascites, or the pathologic accumulation of fluid in the peritoneum, is common 
complication of cirrhosis and is observed in approximately of 10% of cirrhosis patients 
(Gordon 2012). In cirrhotic patients, bacteria can translocate into the ascitic fluid and 
cause spontaneous bacterial peritonitis, which has a high mortality rate (Hoefs et al. 1982). 
The frequency of spontaneous bacterial peritonitis has been estimated at 7% in cirrhotics 
with ascites and is thought to happen due to bacterial overgrowth in the intestine and 
the translocation of these bacteria into the ascitic fluid (Khan et al. 2009). Llovet and 
colleagues showed that the occurrence of bacterial translocation to mesenteric lymph nodes 
is approximately 40% in cirrhotic rats with ascites and approximately 80% in animals with 
spontaneous bacterial peritonitis (Llovet et al. 1994). In community-acquired spontaneous 
bacterial peritonitis, gram-negative bacteria (such as Enterobacter spp.) that originate from 
the gut are usually isolated, whereas in hospitalised cirrhosis patients, nosocomial infections 
with gram-positive bacteria (like Staphylococcus spp.) predominate (Hoefs et al. 1982).

4.2	 Current Hypothesis of ALC

It is clear that alcohol consumption alone is not sufficient for the development of ALC. 
Other possible contributing factors for developing alcoholic liver injury are genetic, i.e., 
gender, patatin-like phospholipase domain-containing protein-3 and endotoxin receptor 
polymorphisms; and environmental factors, i.e., duration and amount of drinking, 
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diet, smoking and overweight as well as the amount of acetaldehyde (Färkkilä 2013). 
Acetahdehyde is a metabolite of alcohol degradation that is highly toxic for hepatocytes 
and increases cellular oxidative stress and epithelial leakiness (Färkkilä 2013). 

Current understanding of the pathogenesis of cirrhosis strongly suggests the 
involvement of gut bacteria with alcoholic metabolites and genetic vulnerability. The 
populations of intestinal bacteria are changing toward more gram-negative majority due to 
chronic alcohol usage (Hauge et al. 1997). Alcohol also causes leakage in the intestinal wall 
due to its effects on intercellular tight junctions (Basuroy et al. 2005). This allows bacteria 
and their components to translocate from the intestine into the liver, causing activation 
of CD14 endotoxin receptor in the hepatic Kupffer cells. Together with the activity 
of alcohol’s metabolites, this can lead to an increase in the levels of pro-inflammatory 
cytokines and chemokines, resulting in a positive feedback loop that further enhances liver 
inflammation, infiltration of inflammatory cells and fibrosis, ultimately resulting in liver 
damage. Intestinal sterilisation has been proven to prevent alcohol-induced liver injury 
in the rat (Adachi et al. 1995), supporting the idea that intestinal bacteria are involved 
in cirrhosis via the endotoxin-mediated activation of Kupffer cells. Continuous bacterial 
translocation from the gut is not sufficient on its own for the development of cirrhosis but 
can induce the condition in combination with other factors.

It has been hypothesised that the translocation of bacteria can induce cirrhosis through 
TLR and CD14 activation. This activation starts a cascade in which pro-inflammatory 
cytokines (Heumann and Roger 2002) are released, possibly inducing cirrhosis. A 
correlation between ALC and the genetics of the bacterial recognition receptor CD14 
has been described (Campos et al. 2005, Jarvelainen et al. 2001, LeVan et al. 2001). This 
further supports the current hypothesis that intestinal bacteria and their endotoxins, 
including lipopolysaccarides (LPS), are involved in the development of inflammation (Yan 
and Schnabl 2012) that leads to fibrosis and cirrhosis in genetically susceptible individuals 
(Jarvelainen et al. 2001).

Further support for the theory of bacterial involvement in the development of ALC 
is provided by the fact that septicaemia is a 20-fold more common cause of death in 
cirrhotics than in the general population (Vilstrup 2003). Increasing evidence suggests that 
alterations in the intestinal microbiota may play a significant role in the development of 
ALC (Yan and Schnabl 2012).

4.3	 ALC and Intestinal Bacteria

Faecal microbial diversity is known to be lower in cirrhosis patients (Chen et al. 2011) than 
in normal individuals. Bacterial overgrowth in the small intestine has been demonstrated 
in one-third of patients with cirrhosis (Pande et al. 2009). Intestinal bacterial overgrowth 
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can predispose patients to bacterial infections and other major complications; it also plays 
a role in the pathogenesis of chronic liver disorders (Steffen et al. 1988). The main cause 
of bacterial overgrowth is believed to be decreased intestinal motility (Wiest and Garcia-
Tsao 2005) and achylia. Other causes of imbalance in the intestinal microbiota of cirrhotic 
hosts include: decreased gastric acidity and pancreato-biliary secretions, malnutrition, 
reduced IgA secretion (allowing bacteria to attach to colonocytes) and portal hypertensive 
enteropathy (or colopathy) (Lata et al. 2011). Other possible factors influencing the 
development of cirrhosis include alcohol-induced injury to the intestinal microvilli and 
increased adhesion of bacteria to the epithelium due to decreased bacterial immune 
clearance (Chesta et al. 1993). Congestion and edema of the intestinal mucosa can result in 
decreased local resistance to invading pathogens. An increased pH in the intestinal lumen, 
which is due to lower bile acid concentrations and a decrease in the amount of ammonia- 
and hydrogen-sulphide-producing bacteria, affects the growth of intestinal microflora and 
diminishes the secretion of mucus, lysozymes, acids and alkali, resulting in a potentially 
favourable environment for bacterial growth (Chen et al. 2011, Zhao et al. 2004). 

The amounts of Lachnospiraceae (Chen et al. 2011), Bacteroides spp. and Bifidobacterium 
spp. have been reported to be decreased in the faeces of cirrhotic patients, whereas the 
amounts of Enterobacter spp., bacilli and clostridia appear to be increased (Zhao et al. 
2004), as shown in Table 2.
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Table 2. Changes in intestinal microbiota in alcoholic liver disease according to studies performed by other 
groups. Ns=non-significant change.

Method Decrease Increase Place Reference
Culture Aerobic bacteria, E. coli, 

Proteus spp.
Caecum, rat (Guarner et al. 

1997)
Culture Enterobacter spp. (ns),

Enterococcus spp. (ns)
Caecum, ileum, 
rat

(Chiva et al. 2002)

Culture E. coli,
Staphylococcus spp.

Faeces, human (Liu et al. 2004)

Culture Bifidobacterium,
Lactobacillus (ns)

Enterobacter spp.,
Clostridium spp.,
Enterococcus spp.,
yeast (ns)

Faeces, human (Zhao et al. 2004)

Culture Lactobacillus spp., 
Bifidobacterium spp., 
Enterococcus spp.

Enterobacteriaceae IIeal faecal 
samples from 
distal small 
intestine, rat

(Zhang et al. 
2010)

Pyrosequencing
RT-qPCR

Bacteroidetes,
Lachnospiraceae

Proteobacteria,
Fusobacteria,
Gammaproteobacteria, 
Bacillus, Streptococcaceae, 
Clostridium cluster XI, 
Enterococcus faecalis

Faeces, human (Chen et al. 2011)

Culture Clostridium leptum group, 
Clostridium coccoides group

Caecum, ileum, 
mouse

(Gomez-Hurtado 
et al. 2011)

RT-qPCR Lactic acid bacteria
(Lactobacillus, Weissella
Pediococcus, Leuconostoc)
Bifidobacterium, Clostridium, 
Feacalibacterium prausnitzii

Enterobacteriaceae,
Enterococcus feacalis

Faeces, human (Lu et al. 2011)

RT-qPCR Firmicutes (Lactococcus 
spp., Pediococcus spp.,
Lactobacillus spp.,
Leuconostoc spp.)

Verrucomicrobia,
Bacteroidetes
(Bacteroidales, Bacteroides 
Porphyromonadaceae)

Caecum, mouse (Yan et al. 2011)

Multitag
pyrosequencing

Ruminococcaceae, 
Lachnospiraceae

Enterobacteriaceae,
Alcaligeneceae,
Fusobacteriaceae

Faeces, human (Bajaj et al. 2012)

Multitag
pyrosequencing

Lachonospiraceae,
Ruminococcus spp., Blautia 
spp.

Enterobacteriaceae Faeces, human (Kakiyama et al. 
2013)

RT-qPCR Bifidobacterium spp. (ns) Enterobacteriaceae,
Enterococcus spp.

Faeces, human (Liu et al. 2012)

Multitag pyrose-
quencing

Lachnospiraceae,
Ruminococcaceae,
Clostridialies XIV

Enterobacteriaceae
Enterococcaea

Faeces, human (Bajaj et al. 2014)

Pathological bacterial translocation has been termed the ‘‘Achilles heel’’ of liver disease 
(Akira et al. 2001), playing an important role in the pathogenesis and complications of 
cirrhosis. Gram-negative bacteria, such as Escherichia coli, Proteus spp. and Enterobacter 
spp., have been shown to translocate more efficiently than gram-positive bacteria (Steffen 
et al. 1988). Bacterial translocation has also been recognised as a crucial event in the non-
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decompensated and non-cirrhotic stages of liver disease and is particularly relevant to the 
progression of alcoholic liver disease (Benten and Wiest 2012). Compared to the tissues of 
the stomach and small intestine, larger numbers of bacteria have been demonstrated in the 
caecum and colon. This suggests that most bacterial translocation occurs in the caecum 
or colon (Wells and Erlandsen 1991). The permeability of the large intestine increases in 
cirrhotic patients (Pijls et al. 2014). The failure of anti-bacterial defense mechanisms, such 
as reduced opsonic activity due to decreased synthesis of complement in the liver, disturbed 
function of macrophage Fc gamma receptors, and a reduction in the phagocytic and killing 
capacity of neutrophils (Gomez et al. 1994, Hassner et al. 1981, Rajkovic and Williams 
1986) to efficiently clear these translocating bacteria, can lead to cirrhosis (Wiest and 
Garcia-Tsao 2005). 

4.4	 Bacterial Recognition by Kupffer Cells

Seventy percent of the blood supply of the liver is provided by the portal vein, which is a 
direct venous outflow of the intestine (Son, Kremer and Hines, 2010); the liver is therefore 
continuously exposed to bacteria and bacterial components originating from the gut. 
Animal studies have shown that living and dead bacteria can escape from the intestine and 
be found in the liver (White et al. 2006). The liver is enriched with innate immune cells 
(e.g., Kupffer cells, natural killer cells) and hepatic stellate cells (Suh and Jeong 2011). 

Bacteria and their residuals are cleared from portal blood coming from intestines mainly 
together by liver sinusoidal endothelial cells lining the blood vessels and Kupffer cells. Kupffer 
cells are liver macrophages that are able to engulf and kill bacteria, cancer cells and viruses; 
however, their major task is to recruit other immune cells to the inflammatory cascade 
(Beutler 2004, Kim et al. 2011). Kupffer cells express CD14 endotoxin receptors on their 
surfaces; when stimulated by bacterial lipopolysaccharide (LPS), which is a component of 
gram-negative bacteria, they produce pro-inflammatory and fibrosis-promoting cytokines 
as well as reactive oxygen species, which can cause liver injury (Thurman 1998). Levels 
of LPS, also known as bacterial endotoxin, are increased in the portal and/or systemic 
circulation in several types of chronic liver disease (Ilan 2012). The amount of CD14 
receptors in the Kupffer cell membrane is adjusted according to the amount of endotoxin 
present in plasma (Landmann et al. 1996, Lukkari et al. 1999). Sinusoidal endothelial 
cells are the first line of defense (Knolle and Limmer 2003), expressing CD14 and TLR-4 
receptors (Hayashi et al. 2006). During activation, endothelial cells greatly increase normal 
pro-inflammatory signals. When the normal activity of endothelial cells is impaired due to 
chronic ethanol consumption, LPS and bacteria can access the bloodstream (Bjarnason et 
al. 1984, Bode et al. 1987, Schenker and Bay 1995). Translocated LPS is an activator for the 
CD14 and TLR-4 subreceptors that are found in hepatic Kupffer cells. 
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Bacterial LPS is detected in hepatic Kupffer cells by a trimeric membrane system 
(Figure 1) consisting of three components: CD14, TLR-4 and myeloid differentiation 
protein 2 (MD-2) (Lloyd and Kubes 2006). The CD14 receptor works with the other 
components and is involved in innate immune reactions, controlling the immune 
system’s level of response. It was originally referred as an endotoxin-binding receptor 
(Lloyd and Kubes 2006) but is currently thought to be a common cellular pathway for 
the recognition of several bacterial components. Even though LPS is the major virulence 
factor in gram-negative bacteria, CD14 can also recognise other bacterial components, 
including the following: peptidoglycan, which is a cell wall component of all bacteria 
(Stanier at al. 1990); lipoteichoic acid, found in gram-positive bacteria (Stanier at al. 
1990); lipoarabimannan, derived from Myobacteria (Leist et al. 1988, Zhang et al. 1993); 
the rhamnose-glucose polymers of Streptococcus spp. (Soell et al. 1995); chitin (Jahr et al. 
1997); and the amphiphilic molecules of Staphylococcus aureus (Kusunoki and Wright 
1996). Membrane-bound CD14 is an acute-phase, glycosylphosphatidylinositol-anchored, 
55-kDa membrane glycoprotein (Bas et al. 2004). It can be found in a soluble form as 
well as a membrane-bound form. Soluble CD14 enables cells that do not have membranic 
CD14, e.g., endothelial cells (Haziot et al. 1993, Pugin et al. 1993), smooth muscle cells 
(Loppnow et al. 1995) and epithelial cells (Pugin et al. 1993), to respond to LPS. The CD14 
response can be initiated by concentrations of LPS as small as 1 ng/ml (Lloyd and Kubes 
2006). In addition to LPS, lipid A, heat-killed Escherichia coli, lipoteichoic acid and the 
cell wall component of Staphylococcus aureus have shown to regulate the amount of CD14 
(Landmann et al. 1996). CD14 lacks an intracellular component, so it needs a partner for 
transmitting the response into the nucleus.

CD14 functions together with TLR-4 to detect LPS, whereas, other members of the 
TLR family mediate the recognition of other microbial ligands, i.e., of such as those derived 
from gram-positive bacteria, with their extracellular leucine-rich domain called the Toll 
domain (Heumann and Roger 2002). Ten members of the TLR family have been identified 
in humans, several of which appear to recognise specific microbial products, including 
LPS, lipoteichoic acid, lipoproteins, bacterial CpG DNA, and peptidoglycan. TLR-4 is the 
principal LPS receptor. TLR-2 is responsible for the recognition of gram-positive bacteria, 
mycobacterial species, bacterial lipoproteins, and lipoteichoic acid; TLR-3 responds to 
double-stranded viral RNA. TLR-5 responds to flagellin and flagellated bacteria. TLR-6, in 
cooperation with TLR-2, responds to gram-positive bacteria, yeast particles, peptidoglycan, 
modulin, and Pam2Cys mycoplasma lipoproteins (Lien and Ingalls 2002). TLR-7 and 
TLR-8 mediate the cellular stimulation induced by small antiviral compounds (Heine and 
Lien 2003), and TLR-9 mediates responses to CpG bacterial DNA (Lien and Ingalls 2002). 
TLRs can work together to recognise bacterial lipopeptides; for example, TLR-2/TLR-6 
and TLR-2/TLR-1 recognise complexes on bacterial cell membranes (Uematsu and Akira 
2006). TLR signalling can occur through a number of different pathways, many of which 
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lead to the translocation of nuclear factor κB (NF-κB) into the nucleus and thereby the 
formation of pro-inflammatory cytokines (Heine and Lien 2003). TLRs bind to conserved 
bacterial structures and discriminate between self and non-self, which is a basic concept of 
innate immunity (Hoffmann et al. 1999). 

Figure 1. Bacterial recognition by CD14 in the Kupffer cell. When LPS, with lipopolysaccharide binding protein 
(LBP), attaches to the CD14 receptor, it approaches TRL-4, activating homodimerisation of the TLR-4 and MD-2 
molecules and activating the MyD88-dependent pathway in the cytosol. This leads to the nuclear translocation 
of the nuclear factor κB (NF-kB). As a result, pro-inflammatory cytokines and chemokines are released. LPS= 
lipopolysaccharide, MD-2= myeloid differentiation protein 2, TLR-4= toll-like receptor 4, TIRAP=TIR-domain-
containing adaptor protein, IRAK1=interleukin-1-receptor associated kinase, IRAK4= interleukin-4-receptor 
associated kinase, TRAF6=tumor necrosis factor receptor-associated factor 6, MyD88=myeloid differentiation 
primary response protein 88, IKKα/β/µ=IκB kinase, IκB=inhibitor of NF-κB, NF-κB=nuclear factor-κB, TNF-
α=tumor necrosis factor α, IL-1β=interleukin 1β, TGFβ-1 = transforming growth factor β1 (Figure by Sari 
Tuomisto).

The activation of the CD14 cascade by LPS leads to the production of pro-inflammatory 
molecules (cytokines and chemokines) such as tumor necrosis factor α (TNF-α), interleukin 
1β (IL-1β), IL-1, IL-6, IL-8 and transforming growth factor β1 (TGFβ-1). Furthermore, 
produced TGFβ-1 activates hepatic stellate cells (also known as liver lipocytes), decreases cell 
regeneration and inhibits matrix degradation by inhibiting metalloproteinases. As hepatic 
stellate cells are activated from their quiescent, non-fibrotic state, they start to proliferate 
and begin fibrinogenesis. During fibrinogenesis, extracellular matrix is produced in hepatic 
tissue, leading to the excess production of collagen that is characteristic of hepatic fibrosis 
(Milani et al. 1990). A correlation between increased hepatic stellate cell proliferation and 
increased production of extracellular matrix has been observed (Zhang et al. 2004). 
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The LPS signalling sensitivity of Kupffer cells is adjusted by controlling the amounts of 
CD14 receptors, lipopolysaccharide binding protein (LBP) and other factors involved in the 
cascade. However, the actual number of Kupffer cells does not increase. CD14 expression 
in the membrane is up-regulated by the plasma concentrations of rough and smooth LPS 
(Landmann et al. 1996). A direct correlation has been shown between TLR-4 and LPS 
sensitivity (Kalis et al. 2003). Chronic alcohol abuse increases the sensitivity of Kupffer 
cells to LPS (Schaffert et al. 2009). Consequently, the Kupffer cells increase the production 
of pro-inflammatory cytokines, thereby increasing cellular expression of LBP and CD14 
(Lukkari et al. 1999). Alcohol consumption is often also associated with increased plasma 
concentrations of LPS (Bode et al. 1987). The positive feedback loop that is generated by 
enhanced LPS concentration and recognition and response hypersensitivity is amplified 
further by increasing cytokine production in the nucleus. These cytokines further increase 
the amounts of CD14, LBP and TLR-4 molecules in the cell. As a result, the cell needs 
smaller amounts of LPS to promote a response and so becomes hypersensitive. Subsequently, 
increased concentrations of TGFß-1 and TNF-α further promote hypersensitivity, fibrosis, 
inflammation, necrosis, apoptosis and liver damage, possibly even leading to endotoxic 
shock.
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AIMS OF THE STUDY

The aims of the present study were as follows:

1.	 To study bacterial ratios and their changes in intestinal samples after death in order 
to evaluate the usability of post-mortem intestinal samples in basic bacteriological 
research.

2.	 To study post-mortem bacterial translocation from the gut into the blood, liver, 
portal vein, mesenteric lymph nodes and pericardium.

3.	 To study the possible involvement of intestinal bacteria in the development of 
alcoholic liver cirrhosis.
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SUBJECTS AND METHODS

1	 Samples and Study Subjects

1.1	 Samples

1.1.1	 Autopsy Samples

All autopsy samples for the present study were collected at the Department of Forensic 
Medicine at the University of Tampere. The bodies were not cooled during transportation 
to the mortuary but were kept refrigerated in the mortuary at around +4°C. The criteria 
for selecting cases for the series among routine autopsies were as follows: out-of-hospital 
death, male sex, age over 18 years, time interval between death and storage of the body 
in the mortuary of less than 24 hours, intact middle torso and bowel, no reported use of 
antibiotics within the two weeks before death, no signs of bacterial infections or drug 
addiction and no visible wounds or necrosis. The hospital records and police reports were 
available for each of the autopsied cases.

Blood, mesenteric lymph node (MLN), pericardium and liver samples were taken 
aseptically with sterile disposable instruments during routine autopsies. Autopsy samples 
were put in sterile Petri dishes and stored at -80°C until further processing.

Samples of the bowel contents were taken aseptically from autopsy cases with sterile 
disposable instruments from the rectum and caecum. All faecal samples were frozen at 
-20°C immediately after sampling and were stored within 2 hours at -80°C until further 
processing. 

1.1.2	 Clinical Samples

Ascitic fluid samples were drawn aseptically at the bedside from 12 male volunteers with 
alcoholic liver cirrhosis during their hospital stay in the Tampere University Hospital at 
the Department of Gastroenterology and Alimentary Tract Surgery. All these patients had 
a diagnosis of alcohol-related cirrhosis; the diagnosis was based on drinking history and 
clinical findings. Bacterial cultures, polymorphonuclear cell counts and albumin levels 
were obtained using standard methods by the accredited labroratory, FimLab Ltd.
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Seven healthy male volunteers gave faecal samples after defecation. Samples were frozen 
first at -20°C and then within 2 hours transferred to -80°C. 

1.2	 Subjects in the Study

1.2.1	 Study I

Study I is a prospective autopsy series of 61 male cases (mean age 57 years, range 18–86 
years) and 7 male volunteers (47 years, range 26–57). Written consent was obtained from all 
the volunteers. Of the autopsy cases, 32 (52%) died of heart disease, 15 (25%) died of other 
non-cardiac disease, and 14 (23%) suffered violent death (suicide, accident, poisoning). The 
autopsy cases were divided into groups based on time since death: 1–3 days, 4–5 days and 
>5 days. Details regarding the study groups are provided in Table 3.

STUDY I:
61 AUTOPSIES, Post-mortem time 1–7 days

1–3 days n=19
4–5 days n=21
>5 days n=21

7 HEALTHY VOLUNTEERS

STUDY II:
33 AUTOPSIES, Post-mortem time 1–7 days

1–3 days n=10
4–5 days n=13
>5 days n=10

STUDY I:
42 AUTOPSIES, Post-mortem time <5 days

Cirrhotics n=13
Alcoholics n=15
Controls n=14

7 HEALTHY VOLUNTEERS
12 CIRRHOTIC PATIENTS

Figure 2. Overview of all study subjects used in this thesis.
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Table 3. Details of the groups of Study I, divided by post mortem time. PM mean= Mean time since death 
of the collected cases, BMI= Body mass index.

Volunteers
Autopsy Cases

P-value
1–3 days 4–5 days >5 days

N 7 19 21 21
Age, mean (range) 45 (26–57) 55 (18–79) 58 (20-86) 61 (28–76) 0.373
BMI, mean (range) 27.1 (20.8–37.2) 29.3 (20.4–42.1) 28.4 (18.4–43.6) 30.7 (21.1–50.3) 0.543
PM time, mean 2.3 4.5 6.5
Cause of death

Heart disease (%) 
Other disease (%) 
Non-natural death1 (%)

7 (37%)
4 (21%)
8 (42%)

10 (48%)
9 (43%)
2 (10%)

15 (71%)
2 (10%)
4 (19%)

0.079
0.086
0.096

1 Suicide, accident, poisoning

1.2.2	 Study II

The autopsy series in Study II includes the first 33 consecutive cases of the 61 autopsy cases 
used in Study I. These cases were collected from 2009 to 2010. The time elapsed since death 
was less than 8 days in all cases. Samples were collected using aseptic techniques from the 
liver, pericardial fluid, portal venous blood, as well as the right cardiac ventricle (n=20, 
control blood), jugular vein (n=11, control blood) or femoral vein (n=2, control blood), and 
mesenteric lymph nodes (MLN). 

Of these cases, 16 (49%) died of heart disease, 12 (36%) died of other non-cardiac 
diseases, and 5 (15%) suffered violent death (suicide, accident, poisoning). The cause of 
death was assessed on a routine basis, without knowledge of the results of bacteriological 
analyses. 

The mean age of subjects in Study II was 56.7 years (range 20-86 years), and the average 
time elapsed since death was 2.4 days (range 1–7 days). On the basis of the time elapsed 
since death, the samples were divided into 3 groups: 1–3 days, 4–5 days and 5–7 days. See 
details in Table 4.
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Table 4. Details of the of the study groups in Study II. PM mean= Mean time since death, BMI= Body mass 
index.

Autopsy Cases
1–3 days 4–5 days >5 days

N 10 13 10
Age, mean (range) 51.8 (34–77) 53.5 (20–86) 65.8 (51–82)
BMI, mean (range) 28.9 (20.4–42.1) 27.7 (18.4–43.6) 28.7 (21.1–38.9)
PM time, mean 2.4 4.6 6.6
Cause of death

Heart disease (%) 
Other disease (%) 
Non-natural death1 (%)

3 (30%)
3 (30%)
4 (40%)

6 (46%)
6 (46%)
 1 (8%)

7 (70%)
2 (20%)
1 (10%)

1 Suicide, accident, poisoning

1.2.3	 Study III

Study III was an autopsy series of 42 males who had been included in the 61-patient autopsy 
series of Study I. Of these cases, 13 had alcoholic cirrhosis, 15 were alcoholics without liver 
cirrhosis, and 14 were non-alcoholic men who served as a control series (Table 5). The time 
elapsed since death in all cases was 5 days or less. In this study, there were also 7 healthy male 
volunteers and 12 male volunteers who had alcoholic liver cirrhosis and ascites. Cirrhosis 
was confirmed with liver histology.

Table 5. Details of the of the study groups in Study III. PM= mean time since death, BMI= Body mass 
index.

Cirrhosis 
Patients Volunteers

Autopsy Cases
P-value

Cirrhotics Alcoholics Non-alcoholic 
Controls

N 12 7 13 15 14

Age, mean (range) 58 (39–73) 45 (26–57) 56 (39-77) 54 (34–77) 58 (18–86) 0.383
BMI, mean (range) 28.1 (19.7–39.2) 27.1(20.8–37.2) 29.1 (19.6–41.9) 30.1 (20.4–42.1) 27.4 (18.4–43.6) 0.573
PM time, mean 3.6 3.3 3.8 0.537
Cause of death

Heart disease (%) 
Other disease (%) 
Non-natural death1 (%) 

5 (38.5%)
5 (38.5%)
3 (23.1%)

3 (20.0%)
8 (53.3%)
4 (26.7%)

10 (71.4%)
1 (7.1%)

3 (21.4%)

0.007
0.017
0.885

1 Suicide, accident, poisoning

Of these 42 male autopsies, one died from alcoholic liver cirrhosis and two died of alcohol 
intoxication. In 17 cases, alcohol was a contributory factor for death. Data on alcohol use 
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was obtained from the hospital records of the autopsy cases. Cases were defined as alcoholics 
based on comments in the hospital or police reports and/or the presence of alcoholism-
related microscopic findings. Positive post-mortem alcohol test at the time of autopsy 
was also used as a definition. Eleven of the 15 alcoholics had mentions of alcoholism in 
their reports, 12 had a positive alcohol test, and 6 also had alcoholism-related microscopic 
findings (fatty liver, cerebellar atrophy or chronic pancreatitis). 

Healthy volunteers did not report drinking more than 3 drinks per week (36 g of 
alcohol), but cirrhosis patients reported excessive alcohol consumption. Neither healthy 
volunteers nor cirrhosis patients were reported to have taken antibiotics for 2 weeks prior 
to sampling. Antibiotic use was not reported in any of the autopsy cases.

2	 Methods

2.1	 DNA Extraction

2.1.1	 Stool Samples

In Study I and III, the faecal samples were weighed to 150 mg (wet weight). Bacterial DNA 
was extracted from the faecal samples using a commercial DNA extraction kit (Zymo 
Fecal DNA Kit, Zymo Research Corporation, Irvine, California, USA) according to the 
instructions provided. Endogen-free, i.e., bacterial residual-free, water (Thermo Fisher 
Scientific Inc., Waltham, USA) was extracted simultaneously for use as a negative control. 
DNA was stored at -20°C for further study. 

2.1.2	 Tissue, Blood and Ascites Samples

DNA from liver, blood, MLN, pericardial fluid and ascitic fluid was extracted using the 
Zymo Bacterial/Fungal DNA Kit (Zymo Bacterial/Fungal DNA Kit, Zymo Research 
Corporation, Irvine, California, USA). DNA was extracted from 200 µl of blood, 
pericardial fluid and ascitic fluid and from 200 mg of liver and mesenteric lymph node 
tissue. For each extraction patch, endogen-free water (Thermo Fisher Scientific Inc., 
Waltham, USA) was extracted for a negative control. DNA was stored at -20°C.
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2.2	 Bacterial Culturing

After being obtained at autopsy, samples were immediately transported at room temperature 
to the accredited laboratory in the Department of Microbiology, FimLab ltd (J.A, R.V), 
for culturing and bacteriological assessment. Bacterial cultures of autopsy samples were 
performed using standard procedures. Blood samples were cultured with BacT/ALERT-
blood culturing bottles (bioMérieux SA, Marcy l’Etoile, France) and tissue samples with 
blood-, chocolate- and fastidious anaerobe agar-plates as well as with fastidious anaerobe-
broth. Samples were also gram-stained. Identification of bacteria at the species level was 
performed using standard biochemical tests.

2.3	 Real-Time Quantitative Polymerase Chain Reaction (RT-qPCR)

2.3.1	 Designing and Selection of Primers and Probes Used 

Primers and probes used in this study are presented in Table 6. The target sequence in bacteria 
for primers and probes was the bacterial 16S ribosomal RNA gene. Enterobacteriacaea, 
Lactobacillus spp., Streptococcus spp. mainly Str. mitis-group and Staphylococcus aureus 
and S. epidermidis primers and probes were designed and confirmed using BLAST, from 
the National Centre for Biotechnology Information server (http://www.ncbi.nlm.nih.
gov/) and the Ribosomal Database Project (http://rdp.cme.msu.edu/probematch/search.
jsp). Specificity and cross-reactivity of the designed primers and probes were tested using 
bacterial cultures from clinical samples (Staphylococcus epidermidis, Staphylococcus aureus, 
Streptococcus mitis, Streptococcus sanguinis, Streptococcus anginosus) and reference bacteria 
from the ATCC collection (Streptococcus mitis ATCC 49456, Streptococcus sanguinis 
ATCC 10556, Streptococcus anginosus ATCC 33397). Amplification primers and probes 
designed by others were synthesised according to published sequences. 

In Study II, the results from two different Clostridium measurements were marked 
as Clostridium spp., S. aureus and S. epidermidis were marked as Staphylococcus spp., and 
Streptococcus were marked as Streptococcus spp..
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Table 6. Primers and probes used in the study.

Primer and probe Sequence (5’-3’) Reference
Bacteroides spp.

Forward
Reverse
Probe

TGGTAGTCCACACAGTAAACGATGA
CGTACTCCCCAGGTGGAATACTT
GTTTGCCATATACAGTAAGCGGCCAAGCG

(Brunk et al. 2002)

Bifidobacterium spp. 
Forward
Reverse
Probe

CGGGTGAGTAATGCGTGACC
TGATAGGACGCGACCCCA
CTCCTGGAAACGGGTG

(Furet et al. 2009)

Clostridium leptum group
Forward
Reverse
Probe

CCTTCCGTGCCGSAGTTA
GAATTAAACCACATACTCCACTGCTT
CACAATAAGTAATCCACC

(Furet et al. 2009)

Clostridium coccoides group
Forward
Reverse
Probe

GACGCCGCGTGAAGGA
AGCCCCAGCCTTTCACATC
CGGTACCTGACTAAGAAG

(Furet et al. 2009)

Enterobactericeae
Forward
Reverse
Probe

GCGGTAGCACAGAGAGCTT 
GGCAGTTTCCCAGACATTACTCA
CCGCCGCTCGTCACC

This study

Enterobacter spp.
Forward
Reverse
Probe

GCGGTAGCACAGAGAGCTT
GGCAGTTTCCCAGACATTACTCA
AGCAAGCTCTCTGTGCTACCGCTCGA

(Sen and Asher 2001)

Lactobacillus spp.
Forward
Reverse
Probe

GCTAGGTGTTGGAGGGTTTCC
CCAGGCGGAATGCTTAATGC
TCAGTGCCGCAGCTAA

This study

Streptococcus spp. mainly Str. mitis-group 
Forward
Reverse
Probe

CCAGCAGCCGCGGTAATA
CCTGCGCTCGCTTTACG
ACGCTCGGGACCTACG

This study

Staphylococcus aureus and S. epidermidis 
Forward
Reverse
Probe

GCGTTTTTCACGTGGAATATC
AATCCAAAACACAAACAAAGACAAGGT
ACGTGCCATATTAATTTAC

This study

Universal
Forward
Reverse
Probe

TGGAGCATGTGGTTTAATTCGA
TGCGGGACTTAACCCAACA
CACGAGCTGACGACA[A/G]CCATGCA

(Yang et al. 2002)

2.3.2	 PCR Runs for Faecal and Ascitic Fluid Samples 

Assays on stool and ascitic fluid samples were performed with the AbiPrism 7000 HT 
Sequence Detection System (Taqman™, AppliedBiosystems, California, USA), using 
a reaction volume of 20 µl in a 96-well reaction plate, standard Taqman conditions, and 
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specific bacterial primers and probes. Faecal samples were diluted 1:100, and 1 µl of diluted 
DNA was added into the amplification reaction for the detection system. Bacterial DNA 
from ascitic fluid was used as undiluted. The MasterMix was prepared using Taqman™ 
Environmental MasterMix (Taqman™, AppliedBiosystems, California, USA) with final 
concentrations of 1000 nM of each primer and 250 nM of each fluorescence-labelled 
probe. Samples were performed as duplicates. Endogen and DNA-free water (Thermo 
Fisher Scientific Inc., Waltham, USA) was used a negative control in each PCR run. 

2.3.3	 PCR Runs for Liver, MLN, Blood and Pericardial Fluid 

RT-qPCR assays for liver, MLN, blood and pericardial fluid were performed with bacterial 
primers and probes for Bacteroides spp., Bifidobacterium spp., Clostridium leptum, 
Clostridium coccoides, Enterobacter spp., Staphylococcus aureus and S. epidermidis, and 
Streptococcus spp. mainly Str. mitis-group. Amplification was performed under standard 
conditions using specific Taqman™ allele hybridisation and the AbiPrism 7900 HT 
Sequence Detection System (Taqman®, AppliedBiosystems, Carlsbad, California, USA). A 
reaction volume of five microlitres was used with the Taqman™ Environmental MasterMix 
(Taqman™, AppliedBiosystems, California, USA). At final concentrations, 1000 nM of 
each primer and 250 nM of each probe were added. One microlitre of undiluted DNA was 
inserted into the reaction. All amplifications and detections were carried out as duplicates 
or quadruples (depending on test runs) in a MicroAmp optical 384-well reaction plate 
(AppliedBiosystems, Carlsbad, California, USA) with optical caps (Sarsted, Nümbrecht, 
Germany). Extracted water (Thermo Fisher Scientific Inc., Waltham, USA) was used as a 
negative control. 

2.3.4	 Bacterial DNA Measurements

To determine the relative amount of bacterial DNA content in samples compared to 
human DNA, the human housekeeping gene RNase P was measured (TaqMan® RNase 
P Detection Reagents Kit, AppliedBiosystems, Carlsbad, California, USA). TaqMan™ 
Universal PCR Mastermix was used in a reaction of 20 µl. Real-time PCR was performed 
according to the manufacturer’s specifications, using the AbiPrism 7000 HT Sequence 
Detection System (Taqman®, AppliedBiosystems, Carlsbad, California, USA). 

Total amounts of bacteria were evaluated in rectal and caecal samples obtained at 
autopsy and from healthy volunteers in Study I and in the liver samples in Study II, using 
two types of standard curves. Tenfold dilution series of between 33 ng/ml and 0.00033 
ng/ml from E. coli genomic DNA (ATCC 35401-5) and between 109 and 105 colony 
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forming units (CFU) per millilitre from E. coli (ATCC 25922) were used. Calculations 
were performed using the equation y= slope log (X) + intercept (Yoshida et al. 2003) with 
Universal primers and probe values.

2.3.5	 Calculation of the Relative Amount of Bacterial DNA

Data from the RT-qPCR assays were analysed using SDS 2.2 software for tissue and blood 
samples and with SDS 2.1 software (Applied Biosystems California, USA) for stool and 
ascitic fluid samples. These programs calculate ∆Rn using the equation Rn(+)−Rn(−). 
Rn(+) is the emission intensity of the reporter divided by the emission intensity of the 
quencher at any given time, whereas Rn(−) is the value of Rn(+) prior to PCR amplification. 
Thus, ∆Rn indicates the magnitude of the signal generated. The critical threshold cycle 
(Ct) is the cycle at which a statistically significant increase in ∆Rn is first detected and at 
which the fluorescence becomes detectable above background. Ct is inversely proportional 
to the logarithm of the initial number of template molecules, meaning the initial amount of 
sample DNA. The comparative Ct method (ΔΔCt, ΔCtsample – ΔCt reference sample), (Suzuki 
et al. 2005) for calculations of relative amounts of bacteria was used (with simplification) 
for all parts of this study, but the reference varied. The differences of the Ct values between 
the candidate bacteria and the universal bacteria measurement (ΔCt) for each sample were 
calculated; the comparative Ct (ΔΔCt) values for each sample and reference samples were 
also calculated (Tichopad et al. 2010).

To determine the relative amounts of bacteria in rectal autopsy samples in Study I, 
the corresponding mean value from the 7 healthy volunteers was used as a reference. To 
determine the relative amounts of bacteria in caecal autopsy samples, the rectal sample was 
used as an internal reference. To contrast the bacterial composition of the caecal and rectal 
autopsy samples, intra-individual differences in bacterial populations between these two 
sites were calculated, using the rectal sample as an internal reference for the caecal sample. 

In Study II, the value obtained from a healthy volunteer’s blood sample, calculated 
separately for each bacterial group in each run, was used as a reference for determining the 
presence and relative amounts of bacterial DNA. 

In Study III, the mean values obtained from healthy male volunteers’ stool samples were 
calculated and used as a reference to define the relative amounts of bacteria in the rectum 
of autopsy cases with alcoholic liver cirrhosis, alcoholics and controls. For ascitic fluid and 
liver samples, blood sample from healthy individual was used as a reference. 
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2.3.6	 Determination of Bacterial Positivity

In Study II, the detection limits of Ct values in tissue and blood samples and in Study III for 
ascitic fluid and liver samples were between 15 and 35 for Bacteroides spp., Bifidobacterium 
spp., Enterobacter spp., Clostridium leptum, S.  aureus and S.  epidermidis and 15–40 for 
Clostridium coccoides and Streptococcus spp. mainly Str. mitis-group. Liver, MLN, blood, 
pericardial fluid and ascitic fluid samples were considered to be positive for bacterial 
DNA if the n-fold value was more than two times higher than the reference value. The 
cumulative bacterial negativity, i.e., sterility percentages at different time points (1–3 days, 
4–5 days and >5 days), were counted separately for culturing and RT-qPCR by first adding 
all findings together at each time-point from all sampling sites and then calculating the 
number of negative cases.

Bacterial percentages in liver autopsy samples (n=42) and ascitic fluid samples (n=12) 
in Study III were calculated using RT-qPCR amounts. First, the number of bacterial 
DNA-negative (negative cases/n) was subtracted from the total (100%), and the rest were 
considered to be bacteria-positive. Percentages were calculated from the relative values.

2.4	 Liver Histology

Histological samples from the right lobe of the liver were taken at autopsy and fixed in 
10% formalin overnight in the laboratory. The liver samples from the histological paraffin-
embedded blocs were cut into 5-µm sections with a microtome and attached to slides 
+60°C overnight. Liver sections were visualised after staining with a microscope and an 
Olympus DP25 camera that was connected to a computer running the Cell^D-program 
(CellD SARL, Sauveterre, France), at a magnification of 40X. 

Staining for CD14 (Leica Biosystems, Newcastle, United Kingdom) 
immunohistochemistry was performed at a dilution of 1:250 with the Autostainer 
LV-1 (Lab Vision Corporation, California, USA). The percentage of brown peroxidase 
discoloration in an area of 549453.91 µm2 in each sample was calculated with the 
ImmunoRatio program (Tuominen et al. 2010), and the average discoloration value was 
compared between the different groups. ImmunoRatio is a non-commercial program that 
was developed for quantitative immunohistological analyses (Tuominen et al. 2010), and it 
calculates the immunopositive area as a percentage of the entire nuclear area.
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2.5	 Statistical Analyses

The median values and statistical calculations for the different groups were calculated using 
PASW Statistical Software, version 18 (SPSS Ltd, Quarry Bay, Hong Kong) in Study I. 
For Study III, SPSS, IBM version 21 was used. Due to the skewed variation within the 
bacterial measurements, logarithmic values were used in Studies I and III to calculate the 
relative amounts of bacteria. After logarithmic transformation, the values were normally 
distributed (I, III). 

In Study I, the Kruskal-Wallis median test was used to assess the differences among the 
groups, and a P-value of less than 0.05 was considered statistically significant. If P was less 
than 0.05, post hoc pairwise comparisons using the Mann-Whitney U-test were performed 
(I). 

In Study III, analysis of variance (ANOVA) was used to analyse the differences in 
bacterial populations among the different groups, i.e., healthy volunteers, alcoholic liver 
cirrhotics, alcoholics without cirrhosis and controls. As significant results were found in 
the ANOVA, pairwise comparisons were performed using the post hoc test and the least 
significant difference (LSD) correction. Pearson’s chi-square test was used on the liver 
samples. 

2.6	 Ethics

The study design was reviewed and approved by the Ethics Committee of the Pirkanmaa 
Hospital District and by the National Supervisory Authority for Welfare and Health 
(VALVIRA). Written consent was obtained from participating healthy volunteers and 
patients with alcoholic liver cirrhosis.
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RESULTS

1	 Post-Mortem Changes in Intestinal 
Bacterial Populations (Study I)

In Study I, time-dependent changes in major intestinal bacterial populations (Bacteroides 
spp., Bifidobacterium spp., Clostridium leptum group, Clostridium coccoides group, 
Lactobacillus spp., Enterobactericeae) and Streptococcus spp. were studied with RT-qPCR 
in post-mortem samples of the rectum and caecum that were obtained at 61 autopsies. 
Additionally, the rectal autopsy samples were compared to those of healthy volunteers (n=7) 
to determine whether post-mortem faecal samples could be used in future basic research.

Compared to healthy controls (n=7), the median relative amounts of different bacteria 
in the post-mortem rectal samples (1–3 days, n=18; 4–5 days, n=21; >5 days, n=20) at 
different time points were not significantly different for up to seven days after death (non-
parametric Kruskal-Wallis test, Table 7). However, in post-mortem rectal samples, the 
amount of Enterobactericeae started to decrease (ns) after 5 days, compared to other study 
groups. Relative amounts of the C. coccoides group, Streptococcus spp. and Bifidobacterium 
spp. were smaller (ns) in post-mortem samples compared to healthy volunteers. Relative 
amounts of Bacteroides spp., C. leptum group and Lactobacillus spp. were increased (ns) in 
autopsy samples compared to healthy volunteers at different time points. 

When the amount of bacterial DNA (ng/g) in all autopsy rectal samples was compared 
to faecal samples from healthy volunteers, there were no significant differences (p= 0.747). 
However, a large amount of inter-individual variation was present at all times and for all 
bacterial measurements. 
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Table 7. Amounts of bacterial DNA measured with RT-qPCR (n-fold difference) in faecal samples of healthy 
volunteers and rectal samples of autopsy cases. Comparisons among the groups were calculated using the 
non-parametric Kruskal-Wallis test.

Bacteria measured Healthy
Volunteers

(n=7)

1–3 days
(n=18)

4–5 days
(n=21)

>5 days
(n=20)

p-value

Bacteroides spp. 1.54 2.85 4.54 3.36 0.059
C. leptum group 0.52 0.71 1.29 1.00 0.083
C. coccoides group 1.12 0.35 0.42 0.69 0.177
Bifidobacterium spp. 1.08 0.72 0.74 0.26 0.515
Enterobactericeae 2.50 7.19 5.04 0.60 0.309
Streptococcus spp. 1.29 0.20 0.15 0.16 0.185
Lactobacillus spp. 0.83 3.85 2.59 2.72 0.409

In contrast, significant post-mortem time-dependent changes were observed in the relative 
amounts of bacteria in caecal autopsy samples, divided according to time since death 
(1–3 days, n=19; 4–5 days, n=21; >5 days, n=21) and calculated using the value of the 
rectal sample as an internal reference (Table 8). There were significantly more Bacteroides 
spp. (p=0.014, non-parametric median, Kruskal-Wallis test) and less Lactobacillus spp. 
(p=0.024) at 4–5 days, compared to the first group (1–3 days). There were no statistically 
significant differences among the different study groups with respect to the C. leptum 
group, the C. coccoides group, Bifidobacterium spp., Enterobactericeae and Streptococcus spp..

Table 8. Bacteria measured with RT-qPCR (n-fold difference) in caecal samples obtained from autopsy cases. 
Comparisons over the groups were calculated using the non-parametric Kruskal-Wallis test.

Bacteria measured 1–3 days (n=18) 4–5 days (n=21) >5 days (n=20) p-value
Bacteroides spp. 0.15 0.53 0.53 0.014
C. leptum group 0.59 1.09 0.60 0.472
C. coccoides group 0.64 1.27 2.81 0.421
Bifidobacterium spp. 2.03 0.61 1.03 0.054
Enterobactericeae 1.37 0.68 0.86 0.358
Streptococcus spp. 3.56 2.28 1.85 0.192
Lactobacillus spp. 1.25 0.30 1.09 0.024
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Table 9. The total amount of bacterial DNA in faecal samples, showing the 25th–75th interquartile range. N is 
the number of study subjects. Non-parametric median and Kruskal-Wallis test comparisons were performed to 
compare the groups.

N ng/g median 25th–75th p-value
Healthy
Volunteers

Stool 7 26 9.2-36.7

Autopsies Rectum 0.0231)

1–3 days
4–5 days

>5days

18
21
20

8
8
42

2.0–53.6
1.7–41.4

12.0–124.2
 
 
Caecum 0.9822)

1–3 days
4–5 days

>5days

19
21
21

51
68
48

13.3–94.1
5.1–194.7
6.5–113.6

 
 

P-values (over the groups) for 1) for rectal samples at different time points and 2) for caecal samples at different time points.

Total bacterial DNA amounts per gram at different sampling sites (rectum, caecum 
and healthy volunteers, Table 9) were calculated from two standard curves. Statistically 
significant differences were observed in the total bacterial DNA amount in healthy 
volunteers versus rectal autopsy samples (p=0.044, non-parametric median, Kruskal-Wallis 
test). There was slightly (ns) less bacterial DNA in rectal samples that were obtained 1–3 
days post-mortem (median 8 ng/g) than in the samples that were obtained from volunteers 
(26 ng/g, p=0.423). In the rectal samples, a statistically significant difference was observed 
(p=0.023) between different time points. A statistically significant increase was observed 
after 5 days post mortem (p=0.012), with an increase from 8 ng/g (at 4–5 days) till 42 ng/g 
(at >5 days). The quantity of rectal bacterial DNA at >5 days was also statistically different 
than at 1–3 days (p=0.031). In caecal autopsy samples, the total bacterial DNA amount 
tended to remain quite stable over the post-mortem period (51 ng/g, 68 ng/g and 48 ng/g, 
p=0.982, at 1–3 days, 4–5 days, and >5 days, respectively).

2	 Post-Mortem Translocation of Bacteria 
into Different Organs (Study II)

In Study II, we investigated post-mortem, time-dependent intestinal bacterial translocation 
from the intestine into the liver, pericardial fluid, mesenteric lymph nodes (MLN), portal 
vein and peripheral veins, using bacterial culturing and RT-qPCR. Samples were divided 
into groups based on time since death: 1–3 days (n= 10), 4–5 days (n=13) and >5 days 
(n=10). The bacterial groups that were analysed with RT-qPCR were: Bacteroides spp., 
Bifidobacterium spp., Clostridium leptum group, Clostridium coccoides group, Enterobacter 
spp., Staphylococcus aureus and S. epidermidis, and Streptococcus spp. mainly Str. mitis group.
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With culturing, all the bacteria that were found in different organs of 33 autopsy 
cases were identified at the genus level, except for one anaerobic gram-negative rod, which 
remained unidentified. The bacterial genera identified included Bacillus (n=4), Proteus 
(1), Peptostreptococcus (1), Neisseria (1), Micrococcus (1), Lactobacillus (1), Acinetobacter 
(1), Stomatococcus (1), Citrobacter (1) Bacteroides (4), Candidia (1), Corynebacterium 
(1), Clostridium (24), Enterococcus (15), Enterobacter (8), Escherichia (14), Klebsiella (6), 
Propionibacterium (1), Serratia (2), Streptococcus (34) and Staphylococcus (43). None 
of the staphylococcal species were S. aureus. Of 21 identified bacterial genera, the most 
common types were Staphylococcus spp. (26%), Streptococcus spp. (20%), Clostridium spp., 
Enterococcus spp. and Escherichia spp..

Evaluation of culture positivity was conducted by dividing the microbial isolates into 
three different groups: sterile (no detectable bacterial growth), mono-isolates (a pure 
growth of a single isolate); and multi-isolates (a mixed growth of 2 bacteria or more). The 
highest rate of bacterial culture positivity was found in blood samples at all time points 
after death. Ninety-four percent (31/33 cases) of pericardial fluid samples were culture-
negative; the only positive mono-isolates found with cultures belonged to Clostridium spp. 
(1–3 days) and Streptococcus spp. (5–7 days). Up to five days after death, the liver samples 
were also mostly bacterial culture-negative (64%), but after 5 days, the percent of negative 
samples decreased to 40%, with increased amounts of mono and multi-isolates. Mono-
isolates in the liver samples included Clostridium spp., Streptococcus spp., Enterobacter spp., 
Enterococcus spp., Escherichia spp., Staphylococcus spp., and Streptococcus spp.. In MLN, 
bacterial culture negativity rates (approximately 40%) and the predominance of mono-
isolates remained mostly stable until five days post-mortem, after which the rate of culture 
negativity decreased, and both microbial findings increased. The cumulative bacterial 
negativity percentages at all sampling sites in different time points with microbial culturing 
were 46% (1–3 days), 66% (4–5 days) and 36% (>5 days).

With RT-qPCR, the cumulative sterility (i.e., bacterial DNA negativity) percentages 
at all sampling sites together were 42% (1–3 days), 38% (4–5 days) and 24% (>5 days), less 
than the rates observe in cultures (46%, 66% and 36%, respectively). The highest increase 
in bacterial DNA positivity was observed in MLN. The most bacterial DNA negative 
sample type (according to RT-qPCR) was pericardial fluid, which also remained negative 
for the longest period of time. The relative amounts of intestinal bacteria (Clostridium 
spp., Enterobacter spp., Bifidobacterium spp. and Bacteroides spp.) detected with RT-qPCR 
increased with the time since death in MLN, liver, and pericardial fluid; this trend was 
most marked in Bifidobacterium spp. (Table 10). In MLN and pericardial fluid samples, 
intestinal bacteria genera were the most commonly (60–73%) identified bacteria at 1–3 
days after death; whereas in the liver, it was the least common (<50%). In control blood and 
portal vein samples, the relative amounts of intestinal bacteria varied between 75–82% and 
47–59%, respectively and were quite stable over time. 
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Table 10. The relative amounts of intestinal bacterial DNA (%) in different sampling sites, as determined by RT-
qPCR specific primers and probes in samples from 33 autopsies. Bacterial percentages were calculated from 
the relative positive bacterial amount. MLN, mesenteric lymph node. The results from two different Clostridium 
measurements are marked as Clostridium spp., Streptococcus spp. mainly Str. mitis group are marked as 
Streptococcus spp., and S. aureus and S. epidermidis are marked as Staphylococcus spp..

Name of the species 1–3 days 
(n=10)

4–5 days 
(n=13)

>5 days (n=10)

Control blood Bacterial DNA negative
Bacterial DNA positive
Staphylococcus spp.
Streptococcus spp.
Enterobacter spp.
Bifidobacterium spp.
Bacteroides spp.
Clostridium spp.

3/10
7/10
9%
9%

23%
11%
8%

40%

3/13
10/13
10%
15%
30%

6%
15%
24%

1/10
9/10
10%
15%
30%

6%
15%
24%

Portal venous blood Bacterial DNA negative
Bacterial DNA positive
Staphylococcus spp.
Streptococcus spp.
Enterobacter spp.
Bifidobacterium spp.
Bacteroides spp.
Clostridium spp.

5/10
5/10
8%

33%
19%
7%
6%

27%

5/13
8/13
6%

37%
5%
5%

 8%
39%

4/10
6/10
6%

47%
12%
7%

11%
17%

MLN Bacterial DNA negative
Bacterial DNA positive
Staphylococcus spp.
Streptococcus spp.
Enterobacter spp.
Bifidobacterium spp.
Bacteroides spp.
Clostridium spp.

6/10
4/10
7%

20%
11%
12%
37%
13%

1/13
12/13

7%
25%
16%
7%

32%
13%

1/10
9/10
7%

14%
5%

16%
31%
27%

Liver Bacterial DNA negative
Bacterial DNA positive
Staphylococcus spp.
Streptococcus spp.
Enterobacter spp.
Bifidobacterium spp.
Bacteroides spp.
Clostridium spp.

1/10
9/10
36%
36%
10%
6%
4%
8%

1/13
12/13
21%
26%
17%
10%
7%

19%

1/10
9/10
5%

32%
17%
26%

4%
16%

Pericardial fluid Bacterial DNA negative
Bacterial DNA positive
Staphylococcus spp.
Streptococcus spp.
Enterobacter spp.
Bifidobacterium spp.
Bacteroides spp.
Clostridium spp.

6/10
4/10
7%

33%
17%
8%
5%

30%

9/13
4/13
38%
16%
15%
8%
8%

15%

5/10
5/10
17%
19%
26%
13%

4%
21%

The contamination percentages of samples obtained from autopsy tissue (liver, pericardium, 
MLN) and blood samples were calculated based on the bacterial culturing results of Study 
II. If multi-growth or non-aureus staphylococcal bacteria were present in a sample, it was 
marked as contaminated, i.e., unreliable. The contamination percentage was calculated 
from the total amount of each sample type observed at each time point. Bacterial culturing 



59Intestinal Bacteria

results showed that the most unreliable sampling site (i.e., the site most vulnerable to 
contamination) at different time points (1–3 days/4–5 days/>5 days) was control blood 
(50/54/60), followed by portal vein (30/39/30), MLN (10/15/20) and liver (10/15/10). The 
pericardial fluid showed no non-aureus staphylococcal or multi-growth at all, suggesting 
that it is resistant to contamination and is a very reliable sampling site. 

3	 The Role of Intestinal Bacteria in the 
Development of ALC (Study III)

In Study III, the possible involvement of intestinal bacteria in the development of alcoholic 
liver cirrhosis was investigated using faecal and liver samples obtained from 42 autopsies, 
including 13 cirrhotics, 15 alcoholics, 14 controls and 7 healthy volunteers. Bacterial 
translocation into ascitic fluid among cirrhotics was also examined. Based on results from 
Studies I and II, we chose to examine changes in and translocation of the major intestinal 
microbiota members of Bacteroides spp., Bifidobacterium spp., Clostridium leptum group, 
Lactobacillus spp. and Enterobactericeae.

The results of RT-qPCR showed differences in Bacteroides spp. and Enterobactericeae 
(p=0.070 and p=0.056, respectively, ANOVA) in faecal samples across the study groups. 
Relative ratios of faecal bacteria in autopsy controls were comparable to those of healthy 
volunteers. Cirrhotics had more Bacteroides spp. (p=0.013) and more Enterobactericeae 
(p=0.011) compared to healthy volunteers. A similar trend was also observed when cirrhotics 
were compared to autopsy controls, but the differences were not statistically significant, 
due to high inter-individual variation. In contrast, alcoholics (p=0.033) and cirrhotics 
(ns) harboured less Clostridium leptum group members than volunteers. Autopsy cases 
with cirrhosis did also have statistically significantly more Enterobacter spp. (p=0.034), a 
member of Enterobactericeae, than alcoholics without liver cirrhosis (data not shown). The 
amounts of Bifidobacterium spp. and Lactobacillus spp. were similar to healthy volunteers 
in all the study groups. When alcoholic liver cirrhotics were compared to all other groups 
combined (alcoholics, autopsy controls and healthy volunteers), cirrhotics were found to 
have significantly more Bacteroides spp. (p=0.049, ANOVA), Enterobactericeae (p=0.037), 
as well as Enterobacter spp. (p=0.047). Bifidobacterium spp. and Lactobacillus spp. showed 
no differences between the different subgroups. Inter-individual variation was notable in 
all bacterial measurements, especially in autopsy cases.

The most common bacterial DNA findings in liver samples from alcoholic liver 
cirrhotics were members of Enterobactericeae, which was detected (Figure 3) in 49% of 
bacteria, followed by Bifidobacterium spp. (24%) and Bacteroides spp. (10%). Further, 
increased bacterial DNA-positivity in cirrhotic livers (92%) was observed compared to 
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autopsy controls (64%) and alcoholics (60%), although this result was not statistically 
significant (p=0.130, Pearson chi-square). 

Although all ascitic fluid samples were culture-negative, 50% did contain bacterial DNA 
upon RT-qPCR. The species found were Lactobacillus spp. (18%, Figure 4), C. leptum group 
(16%) and Enterobactericeae (16%), whereas Bifidobacterium spp. and Bacteroides spp. were 
not amplified. The leucocyte count in ascitic fluid was under 250 106/l in all samples; thus, 
none of the patients were considered to have spontaneous bacterial peritonitis.

%

Figure 3. Bacterial DNA negativity and amounts of different bacteria found in 42 samples of the liver obtained at 
autopsy, detected with RT-qPCR specific primers and probes. Negative= bacterial DNA negative. Percentages 
have been calculated from the relative amounts. Differences are not statistically significant.
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CD14 expression in the liver, presented as median values of immunopositive areas 
compared to nuclear areas (presented as a percentage), varied significantly among alcoholic 
liver cirrhotics (31.9%), alcoholics (23.3%) and controls (17.6%) (p=0.012, ANOVA, 
Figure 5). Post hoc analyses with LSD correction revealed that the CD14 percentage 
was significantly higher in samples of cirrhotic livers than in control samples (p=0.004). 
Other significant differences were not observed among the groups. Furthermore, CD14 
expression in bacterial DNA-positive liver samples was significantly higher than in negative 
samples (p=0.045).

Figure 4. Bacterial DNA negativity and percentages of identified bacteria in 12 patients with alcoholic liver 
cirrhosis, according to RT-qPCR. Negative=bacterial DNA negative. Percentages have been calculated from the 
relative amounts.

Bacteria found in as cites of 12 alcholic cirrhotic patients
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Figure 5. CD14 expression percentages in liver samples obtained at autopsy (n=42), calculated with 
ImmunoRatio. Individual values are shown as diamonds and median values as horizontal lines.
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DISCUSSION

1	 Post-Mortem Changes in Intestinal Bacterial Composition

The most abundant bacterial phyla in the human gut are Firmicutes, Bacteroidetes, 
Actinobacteria and Proteobacteria (NIH HMP Working Group et al. 2009). The bacterial 
groups investigated by RT-qPCR in this study were chosen to represent the normal 
intestinal microbiota in humans. Bacteroides spp., belonging to Bacteroidetes; Clostridium 
spp., Streptococcus spp. and Lactobacillus spp., belonging to Firmicutes; Bifidobacterium 
spp., belonging to Actinobacteria; and Enterobactericeae, belonging to Proteobacteria, 
were chosen to observe whether these major phyla in the gut change in a time-dependent 
fashion after death. The Enterobactericeae phyla consist mainly of gram-negative enteric 
bacteria that are involved in many disease conditions, while bifidobacteria and lactobacilli 
are considered important probiotic bacteria that help to prevent or ameliorate various 
conditions, such as malnutrition (Kerac et al. 2009, Kitajima et al. 1997), obesity (Kadooka 
et al. 2010), cirrhosis (Kirpich et al. 2008) and atopic dermatitis (Majamaa and Isolauri 
1997). Substantial variations in species composition and distribution among living 
individuals have been reported (Eckburg et al. 2005, Turnbaugh et al. 2009) and were also 
observed in this study.

Even the use of highly sophisticated molecular biological techniques has not fully 
revealed the composition of the normal populations of intestinal microbiota during life 
(NIH HMP Working Group et al. 2009). The composition of and time-dependent post-
mortem changes in intestinal bacterial populations have not been investigated. Only 
one study on the post-mortem intestinal microbiota has been published; this work was 
performed in autopsies using bacterial DNA sequencing and PCR (Hayashi et al. 2005). 
The present study aimed to clarify the microbiological changes after death in 61 medico-
legal autopsy cases using RT-qPCR and to compare autopsy samples with samples from 7 
living volunteers to determine whether post-mortem samples can be used for basic research 
concerning conditions during life. 

After death, the body’s temperature drops to the environmental level (which in a 
mortuary would be +4°C). Most human intestinal bacteria are temperature-dependent 
thermophilic bacteria and require normal body temperatures to survive and multiply. All 
these factors interfere with bacterial growth. This study showed that the relative amounts 
of bacteria in rectum and caecum remained quite stable over time up to 5 days after death 
and that rectal bacterial compositions were similar to those of healthy controls. Slight 
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differences were observed in the relative amounts of Clostridium spp., Streptococcus spp., 
Bifidobacterium spp., Lactobacillus spp. and Bacteroides spp. in rectal bacterial populations 
in the autopsy cases compared to the living controls. The amounts of C. coccoides group, 
Bifidobacterium spp. and Streptococcus spp. were slightly decreased after death, whereas 
Bacteroides spp., Enterobactericeae and Lactobacillus spp. were slightly increased compared 
to healthy volunteers. However, all these changes were minor and not statistically 
significant, suggesting that within this time period after death, the major bacterial 
populations regulate each other’s growth and do not change. The amount of facultative 
anaerobic Enterobactericeae decreased after 5 days post-mortem. This finding suggests 
that Enterobactericeae are more host-dependent than the obligatory anaerobes Bacteroides 
spp., which increased slightly over the observed post-mortem interval. Furthermore, it 
appears that changes in oxygen levels do not completely explain the changes in the relative 
ratios. Our results suggest, however, that major bacterial populations (Bacteroides spp., 
Enterobactericeae, Bifidobacterium spp., Lactobacillus spp., C. coccoides group, Streptococcus 
spp. and C. leptum group) can be reliably measured up to 5 days after death in rectal 
samples. Measurements of the relative amounts of C. coccoides and Enterobactericeae groups 
more than 5 days after death seem to be unreliable. 

Unlike the rectal samples, which showed no statistically significant differences in 
bacterial populations between autopsy samples and healthy living volunteers, amounts of 
Bacteroides spp. in the caecum had already increased significantly in the first group of 1–3 
days after death and Lactobacillus spp. decreased, most likely due to changes in oxygen 
and nutrient levels (p=0.014 and 0.024, respectively). After death, interactions between 
the body and intestinal bacteria cease, and the concentration of oxygen begins to decrease, 
resulting in an imbalance in bacterial nutrient levels. Lactobacillus spp. might be more 
sensitive to oxygen levels than are the strictly anaerobic Bacteroides spp.. Lactobacilli are 
also most likely more host-dependent than Bacteroides spp.; death ends this symbiotic 
relationship, and the amount of lactobacilli consequently starts to decrease.

Earlier studies have shown fewer Bifidobacterium spp. and Bacteroides spp. in the 
caecum than in the rectum (Hayashi et al. 2005, Marteau et al. 2001). This was also the case 
with Bacteroides spp. in this study. The number of facultative anaerobes that tolerate low 
concentrations of oxygen, e.g., Escherichia spp. and Enterobacter spp., are similar in caecal 
and faecal samples (Marteau et al. 2001). In contrast, obligatory anaerobes, including the 
Clostridium leptum and Clostridium coccoides groups, have been shown to be less common 
in the caecum than in the faeces (Marteau et al. 2001). In our study, the amounts of these 
obligatory anaerobes were similar in both the caecum and in the rectum, suggesting that 
growth conditions in the caecum change after death. Undigested nutrients and metabolites 
produced by bacteria accumulate in the caecum after death, which may promote bacterial 
growth. This is reflected in the well-known phenomenon that decomposition of the body 
can first be observed in the right side of the lower abdomen, just above the caecum. 
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In summary, we found that in post-mortem samples, the relative amounts of rectal 
Bacteroides spp., Bifidobacterium spp., the C. leptum group, the C. coccoides group, 
Streptococcus spp., Lactobacillus spp. and Enterobactericeae remained stable for up to 5 
days after death and that rectal bacterial populations were similar to healthy controls. The 
total amount of bacterial DNA per gram in the rectum and the caecum remained stable 
for up to 5 days after death; after 5 days, bacterial populations began, to multiply in the 
rectum. These results suggest that major bacterial species can reliably be measured using 
RT-qPCR from samples obtained from the rectum after death, as long as the samples are 
collected no more than 5 days after death and the bodies and samples have been properly 
stored. The results parallel findings in living individuals. The caecal samples proved to be 
bacteriologically unreliable.

2	 Evaluation of Post-Mortem Bacterial Migration

The purpose of Study II was to examine how soon after death bacteria migrate from the 
intestines into the pericardium, liver and other organs. To date, there have only been a 
few investigations into post-mortem microbiology (Morris et al. 2006, Weber et al. 
2010). Using RT-qPCR and bacterial culturing of samples obtained at 33 autopsies, we 
investigated bacterial translocation in the major components of the human intestinal 
microbiota, including Bacteroides spp., Bifidobacterium spp., the Clostridium leptum group, 
the Clostridium coccoides group, Enterobacter spp., Staphylococcus aureus and S. epidermidis, 
and Streptococcus spp. mainly Str. mitis group.

Visceral organs are considered to be sterile during life, due to immune functions that 
rapidly clear escaped intestinal bacteria. Although these bacteria are mainly of intestinal 
origin, other possible sources include the skin and mucous membranes. After death, all 
normal immune functions, the tissue barrier and host-bacteria interactions normally vanish 
as a part of normal putrefaction, and bacteria begin to invade through the epithelium into 
the blood. In already 1964, Carpenter et al. showed that bacteria can be found in 40% of 
blood samples within 18 hours after death (Carpenter and Wilkins 1964). In life, gram-
negative enteric bacilli such as Escherichia coli, Proteus spp., and Enterobacter spp. have been 
shown to translocate more efficiently, whereas gram-positive bacteria translocate only at 
intermediate levels, and obligate anaerobes translocate only at very low levels (Steffen et 
al. 1988). Escherichia coli is able to translocate particularly easily because it can adhere to 
the intestinal mucosa (Wells 1996). Anaerobic intestinal bacteria only rarely translocate 
compared to their aerobic counterparts (Steffen et al. 1988); in contrast, anaerobes tend to 
suppress the growth of other gut bacteria that have a greater ability to translocate, thereby 
limiting migration (Wells et al. 1987). The results of our cultures also suggested that post-
mortem blood samples are microbiologically unreliable for the study of possible infections 
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during life, as 60% demonstrated multi-growth at the first analysis point (1–3 days after 
death), suggesting possible migration or contamination. The results of our cultures also 
revealed that pericardial fluid was the most culture negative sampling site at all times, with 
only two positive results at 1–3 days and at >5 days. Pericardial fluid remained quite stable 
during the entire post-mortem period, whereas culture negativity of liver samples decreased 
after post-mortem day 5, according to the culture results. RT‑qPCR results showed that 
bacterial DNA negativity remained similar in the liver but decreased in the pericardial fluid 
after post-mortem day 5. These results clearly indicate that post-mortem blood samples are 
microbiologically unreliable for the evaluation of possible infection during life, as has also 
been suggested by other studies (Carpenter and Wilkins 1964, Wilson et al. 1993). Organs 
such as the pericardium and liver are the most suitable for microbiological sampling before 
the 5th day post mortem.

RT-qPCR showed high amounts of bacterial DNA in the liver samples. It is unknown 
whether the bacterial residuals measured in this study were transferred into the liver during 
life and engulfed by Kupffer cells or whether they arrived after death. Because the culture-
based estimates of bacterial migration were stable for up to 5 days after death, it can be 
hypothesised that the bacteria observed with RT-qPCR were transported to the liver 
during life. In life, bacteria can migrate from the gut to the liver through portal venous 
blood. Even if gut-associated lymphoid tissues rapidly kill escaped bacteria, an unknown 
fraction may escape and be transported into the liver. The liver is full of innate immune 
cells (Suh and Jeong 2011), and bacteria and their residuals are cleared from the portal 
blood mainly by the sinusoidal Kupffer cells. These macrophages are capable of engulfing 
and killing bacteria, cancer cells and viruses (Beutler 2004, Kim et al. 2011). Furthermore, 
animal studies have shown that both alive and dead bacteria can escape from the intestine 
and be found in the liver (White et al. 2006). 

This study is one of the first to describe how time since death affects bacterial findings 
in the pericardial fluid. According to our results pericardial fluid was the most bacterial 
DNA and culture-negative and remained as negative longest. Pericardial fluid differs from 
the other sampling sites used in this study because it can be aspirated as soon as the sternum 
has been removed, and no handling of organs in abdominal cavity is needed to sample this 
site. Furthermore, as the fluid is in a sac, it can easily be aspirated with a sterile needle into 
a sterile syringe, which can prevent contamination. Our results suggest that pericardial 
fluid could be used as a control sample for other microbial samples because it resists 
bacterial infiltration after death. The only bacteria detected in pericardial fluid samples 
were two mono-isolates belonging to Clostridium spp. and Streptococcus spp., suggesting 
true findings. Furthermore, bacteria detected in the pericardial fluid may provide accurate 
information about the true ongoing infections or even septicaemia during life. One 
possible reason for the rarity of finding microbes in the pericardial fluid is the fact that 
there is no direct blood flow to this area. Thus, bacteria cannot migrate into the pericardial 



66 Sari Tuomisto

fluid through the blood; according to the literature, it is rare to have simultaneous sepsis 
and pericarditis (Kan et al. 2006). However, there are other possible routes for bacteria 
to migrate into pericardial fluid during life. They can travel from the mouth through the 
blood to the heart and then into the pericardial fluid (Morris et al. 2007). There are also 
two reports of pericarditis with local spread of infection without septicaemia. Lodha et al. 
showed that a bacterium that had caused a trichilemmal cyst on a patient’s scalp was found 
only in pericardial fluid (Lodha et al. 2011). Another study by Ljenas-Garcia et al. describes 
a case of primary hepatic actinomycosis that caused purulent pericarditis (Llenas-Garcia et 
al. 2011). 

3	 Evaluation of Contamination of Samples and Their Clinical Use 

In this thesis (Study II), contamination of post-mortem samples was evaluated with 
culturing results. Multi-growth and the growth of only a single Staphylococcus spp. 
(technical contamination) were considered to represent post-mortem contamination, i.e. 
unreliable sample, in this study, whereas according to literature a single bacterial finding 
can be considered as a true bacterial positive (Morris et al. 2006, Weber et al. 2010). The 
differentiation between a true finding, suggesting infection during life, and post-mortem 
migration is very challenging and scarcely investigated. At different time points after death 
(1–3 d, 4–5 d, >5 d after death, respectively), the calculated contamination percentages 
were as follows: 50%, 54%, and 60% in control blood samples, 30%, 39%, 30% in portal 
venous blood samples, 10%, 15%, 20% in MLN samples, and 10%, 15%, 10% in liver 
samples. There was no staphylococci growth or bacterial multi-growth in the pericardium 
at all. These results suggest that blood samples are often contaminated, the liver is rarely 
contaminated, and pericardial fluid is very rarely contaminated and may even be resistant 
to blood-borne post-mortem contamination over the analysed time periods. If post-mortem 
contamination is not present, then a detected bacterium can be considered to be a true 
positive result. In this study, there were two true positive findings in the pericardial fluid 
samples; one case had a single growth of streptococci 1–3 days after death, and another 
case had monoculture of clostridia (data not shown) >5 days after death. Seven samples 
from the liver were likely to represent true positive findings, including Clostridium spp., 
Streptococcus spp., Enterobacter spp., Enterococcus spp., Escherichia spp., Staphylococcus spp. 
and Streptococcus spp..

Based on the results of this work, it can be concluded that autopsy samples may be 
considered reliable for the study of disease associations of intestinal bacteria if they are 
taken within 5 days after death. For several reasons, the most reliable sampling places are 
the liver and the pericardial fluid. First, these 2 sampling places were the most frequently 
culture-negative and remained culture-negative the longest. Secondly, the liver is rarely 
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contaminated, and bacterial findings in the liver were mostly mono-isolates for up to 5 
days after death. Pericardial fluid, according to our results, can be resistant to post-mortem 
bacterial contamination. Our results further suggest that the findings of RT-qPCR of liver 
and pericardial fluid samples represented true positives, as most of the isolates in these 
sampling sites were single bacterial isolates, and bacterial migration did not increase in 
culture. However, positive post-mortem microbiological findings must be interpreted with 
caution.

4	 Evaluation of Techniques Used

In this study, there were differences in the results of RT-qPCR and culturing methods, 
specifically with respect to bacterial DNA negativity. Traditionally, bacterial cultures have 
been used to identify bacteria, but this approach is unreliable because most faecal bacteria 
are not culturable. It is estimated that 60–70% of bacteria living in the human intestinal 
tract cannot be easily cultured with currently available methods (Hayashi et al. 2002). The 
majority of intestinal bacteria are obligate anaerobes and thus cannot be grown on normal 
plates (Eckburg et al. 2005, Rinttilä et al. 2004). False negatives are thus a known problem 
of culturing (Alain and Querellou 2009). Moreover, culturing is a time-consuming method 
and may not provide any information regarding the bacterial composition of the sample 
if bacteria present have been exposed to unfavourable conditions such as the presence of 
oxygen or temperature changes. RT-qPCR allows the detection of parts of the sample 
that cannot be cultured, as well as dead bacteria and released bacterial nucleic acids, e.g., 
DNA in macrophages. With conventional culturing, only living bacteria can be diagnosed. 
Therefore, the bacterial results of RT‑qPCR and culturing cannot be directly compared. 
Moreover, culture techniques for clinical (or medical) purposes have been designed only 
to detect clinically important bacteria. Conventional culturing is the golden standard for 
diagnosing clinically relevant bacteria and identifying antibiotic sensitivity or resistance. 
However, RT-qPCR also detects major intestinal bacteria that are unculturable, not just 
pathogenic bacteria. The RT-qPCR technique used in this study was found to be a fast and 
accurate tool for the analysis of the faecal microbiota. 

However, even if we found RT-qPCR to be a usable microbiological method, it still 
has some limitations. The microbial 16S rRNA genes targeted with RT-qPCR are so well 
conserved that RT-qPCR has a limited ability to differentiate between closely related species. 
Although the 16S rRNA gene can be used as a universal marker when multiplying genetic 
material from all species present in a sample, different bacterial species have different copy 
numbers of the gene. This may lead to an over- or under-representation of some bacterial 
species with RT-qPCR as the 16S rRNA gene is used as a target for the primers and probes 
(Mohania et al. 2008). Additionally, evaluation of possible contamination of a sample with 
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RT-qPCR is difficult because of its high sensitivity for the detection of bacteria and their 
residuals, not only for living bacteria. Furthermore, RT-qPCR provides no information 
about other bacterial species that may be present, beyond those that have been targeted 
with specific primers and probes.

5	 The Role of Intestinal Bacteria in ALC

The involvement of major intestinal bacteria in the development of alcoholic liver cirrhosis 
was studied using RT-qPCR in 42 autopsies and 7 healthy volunteers; also, bacterial 
translocation into ascitic fluid was studied in 12 patients with clinical evidence of cirrhosis. 

Today, it is thought that long-term chronic alcohol abuse can shift intestinal bacteria 
populations towards a more harmful gram-negative majority by increasing the amount of 
Proteobacteria and Fusobacteria (Chen et al. 2011). Alcohol also diminishes the diversity 
of bacterial species, and intestinal bacterial overgrowth has been observed in alcoholics 
(Bode et al. 1993). Our study showed that cirrhotics had considerably more gram-negative 
Bacteroides spp., Enterobactericeae and Enterobacter spp. in their faecal samples than healthy 
volunteers. Cirrhotics had a median of 27 times more Enterobactericeae than controls and 
24 times more Enterobacter spp.. This finding regarding the Enterobactericeae phylum is in 
agreement with other studies (Chen et al. 2011, Zhao et al. 2004), whereas the increased 
amount of Bacteroides spp. observed in our study is not (Chen et al. 2011). Patients with 
cirrhosis of the liver have also been reported to have significantly decreased amounts of 
beneficial bacterial species, such as Lactobacillus (Yan et al. 2011) and Bifidobacterium spp. 
(Zhao et al. 2004), as well as simultaneously increased amounts of Clostridium spp. (Zhao 
et al. 2004). We did not observe significant decreases in the amounts of Bifidobacterium 
spp. or Lactobacillus spp. amounts in the different study groups, in contrast to other studies. 
This may be due to limited number of study subjects and high inter- and intra-individual 
variation. The finding that patients with alcoholic liver cirrhosis have less Bifidobacterium 
spp. and Lactobacillus spp. in the faeces suggests that reduced amounts of these bacteria 
may be involved in the pathogenesis of alcoholic liver cirrhosis. In the future, one possible 
treatment option for cirrhosis could be administration of the probiotics Bifidobacterium 
spp. and Lactobacillus spp., for which there is already evidence from human trials (Kirpich 
et al. 2008). Daily consumption of probiotic preparations increased the total number of 
these bacteria in the gut and decreased of the population of other, more harmful species, 
such as enterobacteria (Arora et al. 2012, Fujiwara et al. 2001). Probiotics are also known to 
be capable of reinforcing the tight junctions between intestinal epithelial cells that may be 
injured by alcohol, thereby decreasing the likelihood of bacterial translocation from the gut 
(Ulluwishewa et al. 2011). Probiotics can further reduce the production and translocation 
of endotoxins from the gut by enhancing the production of anti-inflammatory cytokines 
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and the secretion of antibacterial proteins (Bongaerts et al. 2005, Forsyth et al. 2009, Gratz 
et al. 2010, Wang et al. 2005). Furthermore, probiotics can modulate local and systemic 
immune responses (Forchielli and Walker 2005). Lactobacillus spp. have been found to 
increase the number of other beneficial bacteria (Rochet et al. 2006, Guerin-Danan et al. 
1998) and to improve the growth and division of intestinal epithelial cells (Freitas et al. 
2003) by reducing the permeability of the mucous membrane to different infectious agents 
(Parassol et al. 2005). In addition, probiotic bacteria reinforce the defense mechanisms 
of the mucous membrane by increasing the amount of lymphocytes present (Marcos et 
al. 2004). Thus, daily consumption of lactobacilli and bifidobacteria increases the total 
number of these bacteria in the gut, thereby decreasing the amount of other, more harmful, 
bacteria (Arora et al. 2012, Fujiwara et al. 2001). 

One of the treatment goals in liver cirrhosis is to inhibit the growth of gram-negative 
bacteria in the gut by using broad-spectrum antibiotics, e.g., neomycin, norfloxacin and 
ciprofloxacin (Terg et al. 2008, Madrid et al. 2001). Antibiotics have also been used to prevent 
infections in patients with upper gastrointestinal haemorrhage and recurrent spontaneous 
bacterial peritonitis (Leber et al. 2012). Antibiotics can prevent the colonisation of harmful 
gram-negative bacteria, e.g., Enterobacter spp. (Hartmann et al. 2012). However, long-term 
use of antibiotics may lead to an increase in the amount of pathogenic bacteria in the gut 
(Brandl et al. 2008) and to increased antibiotic resistance (Campillo et al. 1998, Novella 
et al. 1997). In experimental studies, probiotics (Bifidobacterium spp., Lactobacillus spp.) 
have restored normal gut homeostasis and inhibited the excessive growth of gram-negative 
bacteria (Hartmann et al. 2012, Kirpich et al. 2008, Leber et al. 2012). However, in 
addition to the use of probiotics, targeted treatments against high-risk pathogens (such as 
Enterobacter spp.) need to be considered.

5.1	 Bacterial Translocation and CD14 in ALC

This study also investigated bacterial translocation from the intestine into ascitic fluid and 
the liver. It is known that the alcohol metabolite acetaldehyde affects the function of the gut 
epithelial barrier by disrupting tight junctions between adjacent cells, thereby enhancing 
bacterial translocation (Basuroy et al. 2005). The species that escape the most easily into 
internal organs are the commensal intestinal bacteria, such as enterobacteria, enterococci 
and streptococci (Steffen et al. 1988) and are the most common organisms found in 
community-acquired infections in patients with alcoholic cirrhosis (Garcia-Tsao, 1992). 
We found that cirrhotic livers were less likely to be sterile than the livers of both control 
and alcoholic subjects. Alcohol ingestion has been reported to correlate with increased 
plasma levels of bacterial components, endotoxin (Adachi et al. 1995, Nanji et al. 1993, 
Tamai et al. 2000) and peptidoglycan (Tabata et al. 2002). Our results also showed that 
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more Enterobactericeae was present in liver samples obtained from cirrhotics than in those 
taken from controls and alcoholics. Furthermore, 50% of ascitic fluid samples were found 
to have bacterial DNA from Lactobacillus spp., C. leptum group and Enterobactericeae, 
suggesting bacterial translocation. One limitation of this study was that we were unable to 
obtain control samples from non-cirrhotic peritoneal fluid. The differences in the amounts 
of different bacteria in liver samples and ascitic fluid were, however, not statistically 
significant, possibly due to the small sample size and large inter-individual differences. Our 
results suggest that there may be continuous bacterial translocation from intestine into the 
liver that, under normal circumstances, is handled by Kupffer cells. When translocation 
greatly increases for one reason or another, bacteria are no longer cleared efficiently. 

It has previously been shown that genetic variations in the promoter area of the CD14 
bacterial recognition gene are associated with the risk of alcoholic liver cirrhosis (SNP 
rs2569190, -159 T>C) (Jarvelainen et al. 2001). This finding has been confirmed by other 
research groups (Campos et al. 2005, Desmet and Roskams 2004) and is supported by 
the experimental finding that alcoholic liver disease is reduced in CD14-deficient mice 
(Yin et al. 2001). The total bacterial DNA amount in liver samples in the present study 
was significantly associated with the percentage of CD14 expression (on Kuppfer cells); 
furthermore, the CD14 expression percentage was significantly higher in the livers 
of cirrhotics than in the autopsy controls. This suggests that Kupffer cells play a role in 
bacterial recognition. It is possible that bacterial translocation from the gut may be involved 
in the development of alcoholic liver cirrhosis in genetically susceptible individuals, due to 
cytokine production and liver inflammation that leads to fibrosis and cirrhosis.

Taken together, these findings show that there are differences in bacterial translocation 
and in intestinal bacterial populations between alcoholic liver cirrhotics and controls. 
Alcoholic liver cirrhotics have a greatly increased amount of enterobacteria in the faeces, 
liver and ascitic fluid. Cirrhotics also have increased expression of the bacterial recognition 
receptor CD14 in the liver. The level of CD14 expression was associated with total 
bacterial DNA amount. These findings further suggest that changes in intestinal bacterial 
populations and their translocation into the liver may contribute to the pathogenesis and 
development of alcoholic liver cirrhosis. However, we do not exactly know how detected 
bacteria have ended up into the liver. Have they migrated from intestine into liver because 
of the increased epithelial permeability due to alcohol or because of impaired hepatic 
immune functions due to some other reason? This still remains unanswered. However, 
more research on this topic is clearly needed before the interactions among ALC, the 
intestinal microbiota and genetic factors can be fully understood.
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SUMMARY AND CONCLUSIONS

The results from this thesis reveal that certain post-mortem samples can be used for basic 
bacteriological research into situations in living patients, if the samples are handled with 
care and the results are interpreted cautiously by a person with microbiological experience 
and knowledge. Faecal samples from autopsies are comparable to stool samples from living 
volunteers for the evaluation of certain bacterial genera and species.

We found that the most reliable tissue sampling sites were liver and pericardial fluid. 
These sites can be used up to 5 days after death to study mechanisms of different diseases 
during life; pericardial fluid can even be used as a microbiological control for post-mortem 
contamination or bacterial migration. If mono-isolates are found at these sampling sites, 
they can be considered as true positive indicators of infection during life.

Our findings suggest a role for intestinal bacteria in the pathogenesis of alcoholic liver 
cirrhosis. We found increased amounts of Enterobacteriaea in cirrhotics faeces, liver and 
ascitic fluid samples, compared to controls. Cirrhotics also had increased expression of the 
CD14 bacterial recognition receptor; an association between CD14 and total bacterial 
amount was also noted in cirrhotic liver samples. The connection between cirrhosis 
and CD14 genetics has been previously demonstrated (Järvelainen et al. 2001). Our 
results suggest that harmful growth of intestinal Enterobactericeae may lead to bacterial 
translocation into the liver and to their increased recognition by hepatic Kupffer cells. 
Overproduction of cytokines may lead to liver fibrosis and possibly cirrhosis. 

RT-qPCR is a useful tool for determining the bacterial ratios of human samples. 
This thesis suggests that RT-qPCR can be used to detect small amounts of bacteria in 
supposedly sterile organs. Positive bacterial RT-qPCR results may indicate the presence of 
non-culturable or dead bacterial cells or bacterial components that may induce long-term 
inflammation. Our results are preliminary due to the limited number of cases and, like all 
post-mortem microbiological findings, must be interpreted with caution. 
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Time-dependent post mortem changes in the
composition of intestinal bacteria using real-time
quantitative PCR
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Abstract

Post mortem or even normal changes during life occurring in major gut bacterial populations are not known. We
investigated Bacteroides sp., Bifidobacterium sp., Clostridium leptum, Clostridium coccoides, Streptococcus sp.,
Lactobacillus sp. and Enterobacteriacaea ratios in 7 fecal samples from healthy volunteers and in 61 autopsies
rectum and cecum samples and studied the effect of post mortem time using quantitative real-time PCR. Bacterial
ratios in stool samples from volunteers and rectum samples from autopsy cases were similar and did not change
significantly up to 5 days post mortem. In cecum, significant post mortem time-dependent differences were
observed in ratios of Bacteroides sp. (p = 0.014) and Lactobacillus sp. (p = 0.024). Our results showed that ratios of
Bacteroides sp., Bifidobacterium sp., Clostridium leptum, Clostridium coccoides, Streptococcus sp., Lactobacillus sp. and
Enterobacteriacaea can be investigated in autopsy rectum samples up to 5 days after death.

Keywords: Forensic science, Post mortem microbiology, Fecal sample, Real-time quantitative polymerase chain
reaction, Bacterial relative amount, Time-dependent changes
Background
Basic knowledge on the composition of intestinal bacterial
populations and changes occurring after death is lacking.
Even the normal composition of intestinal microbiota in
life is not fully known [1]. Only one study exists in which
intestinal bacterial populations have been studied in three
elderly women after death using PCR and sequencing [2].
Resident micro-organisms living in the intestinal tract

influence host’s normal well-being and physiology includ-
ing gut metabolism and the regulation of epithelial cell
growth [3]. Intestinal microbiota functions as a physical
barrier against invading pathogens. It has been suggested
that gut microbiota may have a role on the development
of diseases, e.g. alcoholic liver cirrhosis [4] and atheroscler-
osis [5]. Detailed bacterial population studies on the in-
testinal tract have mostly concentrated on fecal samples
because they are easy to collect. Intestinal microbiota
consists of a large and diverse community containing hun-
dreds of commensal bacterial species [6]. From sequencing
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reproduction in any medium, provided the or
libraries of 16S rRNA genes Durban et al. found that two
dominant phyla, Firmicutes and Bacteroidetes accounted
for nearly 85% of all sequences in stool samples [7]. Com-
pared to these two major phyla, Bifidobacterium genus is
present in eight to ten-fold lower numbers [8]. Although
Bacteroides sp., Bifidobacterium sp. and bacteria belong-
ing to the Clostridium coccoides–group (cluster XIVa) and
Clostridium leptum–group (cluster IV) dominate in colon
[9,10] there is substantial inter- and intra-individual vari-
ation in species composition and distribution [7,11].
This study aimed to investigate ratios of major intes-

tinal bacterial populations in healthy volunteers and in
rectum and cecum autopsy samples. Post mortem time-
dependent changes were studied in order to see whether
autopsy samples can be used for basic research concern-
ing lifetime. Six species: Bacteroides sp. (phylum Bacter-
oidetes), Clostridium sp. (Firmicutes), Streptococcus sp.
(Firmicutes), Lactobacillus sp. (Firmicutes), Bifidobacterium
sp. (Actinobacteria) and Enterobactericaea (Proteobacteria)
were chosen since they represent the major intestinal bac-
terial phyla [12].
ral Ltd. This is an open access article distributed under the terms of the Creative
ommons.org/licenses/by/2.0), which permits unrestricted use, distribution, and
iginal work is properly cited.
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Table 2 Used primers and probes

Primer and probe Sequence (5′-3′) Reference

Bacteroides sp. [14]

Forward TGGTAGTCCACACAGTAAACGATGA

Reverse CGTACTCCCCAGGTGGAATACTT

Probe GTTTGCCATATACAGTAAGCGGCCAAGCG

Bifidobacterium sp. [15]

Forward CGGGTGAGTAATGCGTGACC

Reverse TGATAGGACGCGACCCCA

Probe CTCCTGGAAACGGGTG

Clostridium leptum [15]

Forward CCTTCCGTGCCGSAGTTA

Reverse GAATTAAACCACATACTCCACTGCTT

Probe CACAATAAGTAATCCACC

Clostridium coccoides [15]

Forward GACGCCGCGTGAAGGA

Reverse AGCCCCAGCCTTTCACATC

Probe CGGTACCTGACTAAGAAG

Enterobactericaea This study

Forward GCGGTAGCACAGAGAGCTT

Reverse GGCAGTTTCCCAGACATTACTCA

Probe CCGCCGCTCGTCACC

Lactobacillus sp. This study

Forward GCTAGGTGTTGGAGGGTTTCC

Reverse CCAGGCGGAATGCTTAATGC

Probe TCAGTGCCGCAGCTAA

Streptococcus sp. mainly Str. mitis-group* [13]

Forward CCAGCAGCCGCGGTAATA

Reverse CCTGCGCTCGCTTTACG

Probe ACGCTCGGGACCTACG

Universal [16]

Forward TGGAGCATGTGGTTTAATTCGA

Reverse TGCGGGACTTAACCCAACA

Probe CACGAGCTGACGACA[A/G]CCATGCA

*This was abbreviated as Streptococcus sp. in the text.

Table 1 Demographic characteristics of the study subjects divided by post mortem time

Basic cause of death

N PM mean Age mean
(range)

BMI mean (range) Heart
diseases %

Other
diseases %

Violent deaths (suicide,
accident, poisoning) %

Autopsy cases:

1–3 days 19 2.3 55 (18–79) 29.3 (20.4–42.1) 7 (37%) 4 (21%) 8 (42%)

4–5 days 21 4.5 58 (20–86) 28.4 (18.4–43.6) 10 (48%) 9 (43%) 2 (10%)

>5 days 21 6.5 61 (28–76) 30.7 (21.1–50.3) 15 (71%) 2 (10%) 4 (19%)

p-value 0.373 0.543 0.079 0.086 0.096

Control volunteers 7 45 (26–57) 27.1 (20.8–37.2)

PM mean = Post mortem mean time.
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Findings
Study design and results
This study comprises of 61 male cases collected in the
Department of Forensic Medicine of the University of
Tampere and 7 male volunteers. The selection criteria
for the autopsies have been described elsewhere [13].
None of the controls or cases was reported to has been
used antibiotics. Deceased had been stored in +4°C
within 24 hours after death. Written consent was ob-
tained from the volunteers.
Samples of the autopsy cases were taken from rectum

and cecum. All samples were frozen immediately at −80°C
until further processing. On the basis of time post mortem
the cases were divided into groups: 1–3 days, 4–5 days
and >5 days. Demographic characteristics of these groups
are shown in the Table 1.
Fecal samples were weighed to be 150 mg (wet weight).

Bacterial DNA was extracted from the samples using
Zymo Fecal DNA Kit (Zymo Research Corporation,
Irvine, California, USA). The bacterial ratios were deter-
mined by RT-qPCR using specific primers and probes
(Table 2). The primers and probes for Enterobacteriacaea
and Lactobacillus sp. were designed and confirmed by
using BLAST (http://www.ncbi.nlm.nih.gov/) and Ribosomal
Database Project (http://rdp.cme.msu.edu/probematch/
search.jsp). Specificity and cross reactivity of the de-
signed primers and probes were tested using bacterial
cultures from clinical samples [13]. PCR assays were
performed with AbiPrism 7000 HT Sequence Detection
System (Taqman, AppliedBiosystems, California, USA)
with Taqman Environmental MasterMix. Endogen and
DNA-free water was used as a negative control.
The comparative Ct method (ΔΔCt, ΔCt sample –

ΔCt reference sample) [17], was used where mean values from
healthy male volunteers were calculated and used as a
reference to determine bacterial relative amount in rec-
tum samples. The differences of the Ct values between
the bacteria and the universal bacteria measurement
(ΔCt) for each sample were calculated; the comparative
Ct (ΔΔCt) for sample and reference samples was

http://www.ncbi.nlm.nih.gov/
http://rdp.cme.msu.edu/probematch/search.jsp
http://rdp.cme.msu.edu/probematch/search.jsp


Figure 1 Relative amounts (n-fold difference) of measured bacteria (Bacteroides sp., C. leptum, C. coccoides, Bifidobacterium sp.,
Enterobactericaea, Streptococcus sp. and Lactobacillus sp.) in fecal samples of controls and rectum of autopsy cases. Individual
values are presented as boxes, median values with horizontal lines. Comparisons over the groups were calculated using non-parametric
Kruskal-Wallis test.
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calculated. To determine relative amounts of bacteria in
cecum samples the rectal sample was used as an inner
reference.
Two standard curves were used to determine the total

amount of bacteria. Tenfold dilution series of between
33 ng/ml and 0.00033 ng/ml from E. coli genomic DNA
(ATCC 35401–5) as well as between 109 and 105 colony
forming units (CFU) per milliliter from E .coli (ATCC
25922) were applied. The amount of CFU or bacterial
DNA in the sample was calculated using values from
Table 3 The relative amounts (n-fold difference) of measured
over post mortem time

Bacterial Group

Bacteroides sp. C. leptum C. coccoides Bifido

All Median 0.32 0.72 1.29 1.18

25th–75th 0.13–1.06 0.41–1.61 0.27–3.94 0.52–

1–3 days

Median 0.15 0.59 0.64 2.03

25th–75th 0.01–0.43 0.31–2.94 0.20–4.55 0.84–

4–5 days

Median 0.53 1.09 1.27 0.61

25th–75th 0.17–1.60 0.60–1.81 0.15–2.30 0.26–

>5 days

Median 0.53 0.60 2.81 1.03

25th–75th 0.21–1.45 0.41–1.39 0.59–4.27 0.45–

p-value 0.014 0.472 0.421 0.054

Results are presented as median and 25th-75th interquartile range. Non-parametric m
universal measurement and the equation y = slope log
(X) + intercept [18].
Statistical analyses were performed with Kruskal-

Wallis median test with PASW Statistical Software, ver-
sion 18 (SPSS Ltd, Quarry Bay, Hong Kong). If P-value
was less than 0.05 (considered significant) pairwise Post
Hoc comparisons using Mann–Whitney U-test were
done.
Median values of different bacteria in the stool of

healthy controls and in post mortem rectum samples
bacteria in cecum samples compared to rectum samples

bacterium sp. Enterobactericaea Streptococcus sp. Lactobacillus sp.

0.86 2.19 0.82

2.66 0.09–3.38 0.52–7.50 0.25–3.61

1.37 3.56 1.25

35.63 0.26–14.77 0.85–35.32 0.46–7.11

0.68 2.28 0.30

2.34 0.03–1.85 0.34–8.07 0.16–1.95

0.86 1.85 1.09

1.61 0.16–7.94 0.27–5.68 0.65–7.84

0.358 0.192 0.024

edian, Kruskal-Wallis-test comparisons between groups.



Table 4 The total amount of bacterial DNA in fecal samples

N ng/g median* 25th -75th p-value1) p-value2)

Healthy volunteers Stool Control 7 26 9.2-36.7

Autopsy cases Rectum 1-3 days 18 8 2.0-53.6

4-5 days 21 8 1.7-41.4

>5 days 20 42 12.0-124.2 0.044 0.023

Autopsy cases Cecum 1-3 days 19 51 13-3-94.1

4-5 days 21 68 5.1-194.7

>5 days 21 48 6.5-113.6 0.982

*1 ng/g corresponds to 4.8x1010 colony forming units using E. coli as a standard. P-values (over the groups) for 1)healthy volunteers and autopsy cases,
2)autopsy cases only.
25th -75th interquartile range. Non-parametric median, Kruskal-Wallis-test comparisons over the groups.
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showed no statistically significant changes over post
mortem time (Figure 1). In cecum, significant post
mortem time-dependent differences were observed
over the groups in the relative amounts of Bacteroides
sp. (p = 0.014) and Lactobacillus sp. (p = 0.024, Table 3).
There were significantly more Bacteroides sp. (p = 0.012)
and less Lactobacillus sp. (p = 0.015) already in 4–5 days.
Statistically significant differences in the total amount of
bacterial DNA were seen in healthy volunteers and aut-
opsy rectum samples (p = 0.044, Table 4). In autopsy rec-
tum, the amount of bacterial DNA remained quite stable
with time elapsing post mortem except for a high increase
observed after day 5 post mortem (p = 0.023). A slightly
higher total amount of bacterial DNA (measured as a
wet weight) in stool samples donated by the volunteers
compared to autopsy rectum samples might be due to
lower water concentration in stool compared to rectum
without changes in bacterial ratios [19]. Inter-individual
variation was great at all time points and in all bacterial
measurements.

Conclusion
This study showed that relative amounts of major intes-
tinal bacteria in rectum of autopsy cases were similar to
stool donated by volunteers and remained quite stable
over post mortem time up to 5 days, after which the
total amount of bacteria started to increase. In contrast,
in cecum significant post mortem time-dependent differ-
ences were observed as increase in ratio of strictly
anaerobic Bacteroides sp. and decrease of facultative
Lactobacillus sp. due to hypoxia after death. In cecum
there is accumulation of undigested nutrients and me-
tabolites produced by bacteria after death, which may be
conducive to anaerobic bacterial growth. This study
showed that autopsy rectum samples can be used to
evaluate major intestinal bacterial populations concern-
ing lifetime up to 5 days after death.
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Evaluation of Postmortem Bacterial Migration
Using Culturing and Real-Time Quantitative
PCR*

ABSTRACT: Postmortem bacteriology can be a valuable tool for evaluating deaths due to bacterial infection or for researching the involve-
ment of bacteria in various diseases. In this study, time-dependent postmortem bacterial migration into liver, mesenteric lymph node, pericardial
fluid, portal, and peripheral vein was analyzed in 33 autopsy cases by bacterial culturing and real-time quantitative polymerase chain reaction
(RT-qPCR). None suffered or died from bacterial infection. According to culturing, pericardial fluid and liver were the most sterile samples up
to 5 days postmortem. In these samples, multigrowth and staphylococci were not or rarely detected. RT-qPCR was more sensitive and showed
higher bacterial positivity in all samples. Relative amounts of intestinal bacterial DNA (bifidobacteria, bacteroides, enterobacter, clostridia)
increased with time. Sterility of blood samples was low during the studied time periods (1–7 days). The best postmortem microbiological sam-
pling sites were pericardial fluid and liver up to 5 days after death.

KEYWORDS: forensic science, postmortem microbiology, bacterial culturing, real-time quantitative polymerase chain reaction, sampling
place, sample reliability

Bacterial migration from the intestine or locus of infection
into the bloodstream and internal organs is not uncommon, but
in most cases, bacteria are rapidly eliminated by immune
defenses. Sometimes bacteria can escape the immune system
causing life-threatening events such as circulatory collapse, dis-
seminated intravascular coagulation, and septicemia (1). Post-
mortem bacteriology can be used for evaluating deaths due to
bacterial infection or for researching the involvement of bacteria
in various diseases. There is already postmortem bacteriological
investigation protocol for sudden unexpected death in infancy
(2). Postmortem bacterial migration has, however, been poorly
studied and false, misleading positive results may occur (3).
There are four ways in which positive bacterial results may

occur in autopsy samples: true positive, agonal spread, postmor-
tem migration, and contamination (4). In a genuine positive
result, the bacteria have already been present in life and can also
be found after death. Normally, genuine positive isolate will be
pure growth of a recognized pathogen. Agonal spread indicates

bacterial invasion at the time of the death struggle or during
resuscitation, when circulation is artificially maintained. The
mucosal integrity decreases and bacterial invasion may occur.
This may generate mixed bacterial growth (4). In postmortem
migration, bacteria migrate mainly from the gut into the blood,
and body tissues after the circulation have stopped as a part of
the normal putrefaction (4). The likely result is polymicrobial
growth in cultures and decreased sample sterility (5). Contamina-
tion of the samples from external sources is a major problem and
cannot be totally avoided either in life or after death. Bacteria
may be introduced into the samples through inadequate sampling
techniques or unskilled staff. Usually, a single bacterial finding is
considered as a genuine result, whereas mixed bacterial finding
indicates postmortem contamination or postmortem migration.
It has been proposed that bacterial migration through the gut

mucosal surfaces into the blood, and internal organs may be
detected more frequently as time postmortem increases (5). The
studies, however, are controversial. Morris et al. suggested in
literature review that postmortem migration is not a problem if
the body is appropriately stored soon after death and that the
postmortem period has only a minor effect on the bacterial isola-
tion rate (4). Similarly, Weber et al. (6) in their retrospective
review reported that a longer postmortem interval is neither asso-
ciated with increased frequency of positive cultures nor with
increased polymicrobial culture findings. Clearly, more investi-
gation of bacterial behavior after death is needed.
The optimal postmortem microbial sampling sites are also

under debate. Different places for sampling have been proposed.
For example, cerebrospinal fluid, blood, spleen, lung, and liver
tissue have been considered as valuable sampling sites (6–9).
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Tsokos and Puschel recommended that the collection of samples
should be performed from at least two different sampling sites.
This is a standard procedure in cases where there is a suspicion
of bacteria causing the death (9).
The standard method for diagnosing the presence of bacteria

in clinical samples currently relies on bacterial culturing tech-
nique, but its reliability has been severely criticized due to false
negative findings. Active research is ongoing to apply new
methods, such as real-time quantitative polymerase chain reac-
tion (RT-qPCR) to increase assay specificity, sensitivity, and
reliability (10).
In this study, we examined how soon bacteria migrate to

different organs after death by studying the emergence of major
commensal bacteria from the gut (Bacteroides sp., Bifidobac-
terium sp., Clostridium sp., and Enterobacter sp.) as well as the
clinically important pathogens staphylococci and streptococci
using RT-qPCR and bacterial culturing. These results can be
used to evaluate the presence of true positive bacterial findings
in autopsies.

Materials and Methods

The present prospective autopsy series comprises 33 consecu-
tive cases at the Department of Forensic Medicine of the Univer-
sity of Tampere during the period from 2009 to 2010 meeting
the study criteria: out-of-hospital death, male sex, age over
18 years, time elapsed postmortem under 7 days, time interval
between death and storage of the body in the mortuary less than
24 h, intact middle torso and bowel, no use of antibiotics for
2 weeks before death, no signs of bacterial infections or drug
addiction, and no visible wounds or necrosis. The mean age was
56.7 years (range 34–82 years). Hospital protocols were used in
the assessment of cause of death. Of the cases, 16 (49%) died of
heart disease, 12 (36%) of other noncardiac disease, and five
(15%) suffered violent death (suicide, accident, poisoning).
Liver, mesenteric lymph node (MLN), portal vein blood, pericar-
dial fluid, and control blood (right cardiac ventricular blood
n = 20, jugular vein n = 11, or femoral vein n = 2) samples
were collected using sterile techniques.
All bodies in the mortuary were kept refrigerated at around

+4°C. The bodies were not generally cooled during transporta-
tion to the mortuary. The average time elapsed postmortem was
2.4 days (range 1–7 days). On the basis of the time elapsed
postmortem, the samples were divided into three groups: 1–
3 days, 4–5 days, and 5–7 days.
After sampling, samples for culturing were immediately trans-

ported at room temperature to the laboratory for bacteriological
assessment. Samples for RT-qPCR were placed on ice and trans-
ferred to �80°C until analyzed. Bacteriological culturing was
performed in an accredited laboratory using their standard proce-
dures. Bacterial culturing from autopsy samples was performed
using standard protocols in the Department of Microbiology,
Centre for Laboratory Medicine, Pirkanmaa Hospital District,
Tampere, Finland (JA, RV). For evaluation of culture positivity,
microbial isolates were divided into three groups: sterile, mono-
isolates (a pure culture growth); multi-isolates (a mixed growth).
All bacteria (except one unidentified anaerobic gram negative
rod) were identified at genus level (Bacillus, Proteus, Pepto-
streptococcus, Neisseria, Micrococcus, Lactobacillus,
Acinetobacter, Stomatococcus and Citrobacter), and in cases
positive for Bacteroides, Candidia, Corynebacterium, Clostrid-
ium, Enterococcus, Enterobacter, Escherichia, Klebsiella, Propi-
onibacterium, Serratia, Staphylococcus, and Streptococcus,

identification was performed to the species level using standard
biochemical tests. None of the detected staphylococcal species
were S. aureus.
For RT-qPCR, bacterial DNA was extracted from the autopsy

samples using a commercially available Zymo Bacterial/Fungal
DNA Kit (Zymo Research Corporation, Irvine, CA) according to
the instructions provided. Oligonucleotide primers and probes
for RT-qPCR are listed in Table 1. The staphylococci and
streptococci primers and probes were designed and confirmed
using BLAST with the National Centre for Biotechnology
Information server (http://www.ncbi.nlm.nih.gov/) and/or Ribo-
somal Database Project (http://rdp.cme.msu.edu/probematch/
search.jsp). Specificity and cross-reactivity of the designed prim-
ers and probes were tested using bacterial cultures from clinical
samples (Staphylococcus epidermidis, S. aureus, Streptococcus
mitis, Streptococcus sanguinis, Streptococcus anginosus) and ref-
erence bacteria from ATCC collection (Streptococcus mitis
ATCC 49456, Streptococcus sanguinis ATCC 10556, Strepto-
coccus anginosus ATCC 33397). Amplification primers/probes
designed by other laboratories were synthesized according to the
sequences published by the authors and examined in the same
manner.
Assays were performed under standard conditions using

specific Taqman allele hybridization according to the instructions
provided with the assay with ABI PRISM 7900 HT Sequence
Detection System (Taqman; Applied Biosystems, Carlsbad, CA).
MasterMix was prepared using Taqman Environmental Master-
Mix adding at final concentrations of 1000 nM of each primer
and 250 nM of each fluorescence-labeled probe. All amplifica-
tions and detections were carried out as duplicates or quadruples
(in uncertain cases) depending on test runs in a MicroAmp

TABLE 1––Primers and probes used.

Primer and
Probe Sequence (5′-3′) Reference

Bacteroides sp.
Forward TGGTAGTCCACACAGTAAACGATGA 11
Reverse CGTACTCCCCAGGTGGAATACTT
Probe GTTTGCCATATACAGTAAGCGGCCAAGCG

Bifidobacterium sp.
Forward CGGGTGAGTAATGCGTGACC 12
Reverse TGATAGGACGCGACCCCA
Probe CTCCTGGAAACGGGTG

Clostridium leptum
Forward CCTTCCGTGCCGSAGTTA 12
Reverse GAATTAAACCACATACTCCACTGCTT
Probe CACAATAAGTAATCCACC

Clostridium coccoides
Forward GACGCCGCGTGAAGGA 12
Reverse AGCCCCAGCCTTTCACATC
Probe CGGTACCTGACTAAGAAG

Enterobacter sp.
Forward GCGGTAGCACAGAGAGCTT 13
Reverse GGCAGTTTCCCAGACATTACTCA
Probe CCGCCGCTCGTCACC

Staphylococcus aureus and S. epidermidis
Forward GCGTTTTTCACGTGGAATATC This study
Reverse AATCCAAAACACAAACAAAGACAAGGT
Probe ACGTGCCATATTAATTTAC

Streptococcus sp. mainly Str. mitis-group
Forward CCAGCAGCCGCGGTAATA This study
Reverse CCTGCGCTCGCTTTACG
Probe ACGCTCGGGACCTACG

Universal
Forward TGGAGCATGTGGTTTAATTCGA 14
Reverse TGCGGGACTTAACCCAACA
Probe CACGAGCTGACGACA[A/G]CCATGCA
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optical 384-well reaction plate (Applied Biosystems) with optical
caps (Sarsted, N€umbrecht, Germany) in a reaction volume of
5 lL.
Amplification data were analyzed with SDS 2.2 software

(Applied Biosystems), which calculates ΔRn using the equation
Rn(+)�Rn(�). Rn(+) is the emission intensity of the reporter
divided by the emission intensity of the quencher at any given
time, whereas Rn(�) is the value of Rn(+) prior to PCR amplifi-
cation. Thus, ΔRn indicates the magnitude of the signal gener-
ated. The critical threshold cycle (Ct) is the cycle at which a
statistically significant increase in ΔRn is first detected and at
which the fluorescence becomes detectable above background.
Ct is inversely proportional to the logarithm of the initial number
of template molecules, that is, the initial amount of sample
DNA. The detection limits for Ct values were between 15 and
35 for the detection of Bacteroides sp., Bifidobacterium sp.,
Enterobacter sp., Clostridium leptum, S. aureus, and S. epide-
rmidis as well as 15–40 for Clostridium coccoides and Strepto-
coccus sp. mainly Str. mitis-group.
The comparative Ct method (DDCt, DCtsample � DCtreference sample),

(15) was used with a simplification where a blood sample from
healthy person was used as a reference to determine bacterial
DNA positivity and their relative amount in samples. The differ-
ences of the Ct values between the candidate bacteria and the
universal bacteria measurement (DCt) for each sample were calcu-
lated; the comparative Ct (DDCt) for sample and reference samples
was calculated (16). The results from two different Clostridium
measurements were marked as Clostridium sp., findings from
S. aureus and S. epidermidis were marked as Staphylococcus sp.
In a similar manner, the results from Streptococcus detections
were marked as Streptococcus sp.
The study was approved by the Ethics Committee of

Pirkanmaa Hospital District and the National Supervisory
Authority for Welfare and Health (VALVIRA).

Results

By culturing, 21 different bacteria genera were found (Fig. 1).
The most common findings were Staphylococcus sp. (26%),
Streptococcus sp. (20%), followed by Clostridium sp., Entero-
coccus sp., and Escherichia sp.
Findings from bacterial culturing were divided into three

groups: sterile, mono-isolates (single bacterial growth), and

multi-isolates (two bacterial findings or more). It turned out that
31 of 33 (94%) pericardial fluid samples were sterile. Clostrid-
ium sp. (1–3 days) and Streptococcus sp. (5–7 days) were the
only single isolates found. Liver showed high sterility (64%) up
to 5 days, after which the percentages of mono- and multi-iso-
lates increased and sterility decreased to 40%. The single isolates
found in liver were Clostridium sp., Streptococcus sp., Enterob-
acter sp., Enterococcus sp., Escherichia sp., Staphylococcus sp.,
and Streptococcus sp. MLN was less sterile (40%) than liver. In
MLN, the percentages of mono-isolates remained mainly the
same for up to 5 days. The sterility was lowest in both the portal
vein and in the control blood samples.
The sterility obtained using RT-qPCR was considerably less

compared with culturing (Fig. 2). The cumulative sterility per-
centages at all sampling sites according to RT-qPCR results were
42% (1–3 days), 38% (4–5 days), and 24% (>5 days), whereas
the corresponding values with microbial culturing were 46, 66,
and 36%. In RT-qPCR, the decrease in sterility was most clearly
seen in MLN. Pericardial fluid was the most sterile sampling site
and remained sterile longest.
The relative amounts of intestinal bacteria (Clostridium sp.,

Enterobacter sp., Bifidobacterium sp., and Bacteroides sp.)
increased with time postmortem in MLN, liver, and pericardial
fluid (Fig. 3). The increase was seen especially in the relative
amount of Bifidobacterium sp. In the liver, the relative amount
of intestinal bacteria was smallest (<50%) at 1–3 days. In MLN
and pericardial fluid, intestinal bacterial genera was the most
common (60–73%) bacterial type in the first time period. In
blood samples, the relative amount of intestinal bacteria
remained quite stable, varying 75–82% in control blood and
47–59% in portal vein blood.

Discussion

In this study, we examined how bacteria migrate after death
mainly from the gut into the blood, liver, portal vein, MLN, and
pericardium. Other possible sources of postmortem bacterial
migration include skin, respiratory tract, oral cavity, and other
mucous membranes. There have been only a few postmortem
microbiological investigations on how time elapsing postmortem
affects the behavior of bacteria (4,6). In life, the internal organs
are considered to be sterile. After death, tissue barriers and host
immunity vanish and bacteria start to migrate through the epithe-
lium. The blood is the first place where bacteria can be found
soon after death. Carpenter and Wilkins (17) showed that after
18 h, 40% of the blood samples were already contaminated with
bacteria. According to our culture results, 60% of blood samples
showed multigrowth of bacteria, suggesting postmortem contam-
ination. According to culturing, the sterility of pericardial fluid
remained stable, whereas that of the liver samples decreased
markedly after 5 days. According to RT-qPCR, the sterility of
liver samples remained quite stable, but a decrease in the sterility
of the pericardium samples was seen after 5 days. Our results
confirm earlier findings on the unreliability of blood samples
and suggest that pericardium and liver are the most suitable for
microbiological sampling, at least before 5 days postmortem.
Moreover, the bacterial result from one organ cannot be extrapo-
lated to other organs.
RT-qPCR has the potential to reveal the uncultivable portion

of the microbial community as well as species which are more
difficult to culture. With culturing, only a minor percentage
of all bacteria can be grown on plates because most obligate
anaerobes dominating the intestinal ecosystem fail to growFIG. 1––Bacterial isolates found in all samples with culturing.
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(18,19). Therefore, false negatives are a known problem in bac-
terial culturing (20). Moreover, only living bacteria can be
diagnosed by conventional culturing, whereas RT-qPCR also
detects dead bacteria and fragmented bacterial DNA, for exam-
ple, in macrophages. Therefore, culturing and RT-qPCR results
cannot be directly compared. At present, there are no other
studies available on this topic. Moreover, bacterial culturing
has been designed to detect bacteria that are clinically impor-
tant, whereas RT-qPCR here was designed not only to detect
pathogenic bacteria like streptococci and staphylococci but also
to detect major intestinal bacteria that are uncultivable or diffi-
cult to culture. This explains the discrepancy in the results
between the methods.

Intestinal microbiota is taxonomically complex and constitutes
an ecologically dynamic community that has been shown to
have a major impact on the human immune system (21). A
current estimate of their numbers lies between 1200 and 2000
species. The predominant genera are Bacteroides, Clostridium,
Bifidobacterium, Enterobacter, Eubacterium, Ruminococcus,
Peptostreptococcus, and Fusobacterium (10). Several studies on
living individuals point toward a strong interaction between the
host and its indigenous microbiota. Anaerobic rods such as Bac-
teroides and Bifidobacteria are “beneficial” in the maintenance
of colonization resistance and gut epithelium integrity (22,23),
whereas minor gut bacteria such as Staphylococcus sp. are
thought to be “pathogenic” for gut barrier maintenance (10,24).

FIG. 2––Percentage of bacterial positive findings in different organs using bacterial culturing as well as RT-qPCR with specific primers and probes. In
culturing, the number of bacterial isolates per sample is presented as sterile = no bacterial growth, mono = single isolates; multi = culture with more than
one isolates. In RT-qPCR, sterile means no bacterial DNA present, whereas positive means positive finding for bacterial DNA.
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In MLN, liver, and pericardial fluid, the relative amount of intes-
tinal bacteria also increased with time postmortem. In the blood
samples, the relative amount of intestinal bacteria decreased,
whereas Staphylococcus sp. and Streptococcus sp. increased.
Differentiation between postmortem microbiological migration

and true positive findings is challenging and is still mainly unex-
plored. According to the literature (4,6), a single bacterial find-
ing in the sample can be considered as a true result, whereas
multigrowth is believed to be postmortem migration. The con-
tamination of samples was here evaluated using culturing results.
If more than one different isolates or staphylococcal species
other than S. aureus were detected in the sample, it was marked
as unreliable, that is, contaminated. In control blood contamina-
tion, percentages for different time points (1–3 days/4–5 days/
>5 days) were (50/54/60), for MLN (10/15/20), for portal vein
blood (30/39/30) and for liver (10/15/10). In pericardial fluid,

there was no multigrowth or nonaureus staphylococci growth,
suggesting that it is resistant to postmortem contamination. If
postmortem contamination is not detected, then the bacterium
found can be considered as a true finding. In our study, two
pericardial samples were most probably true positive because
there was only a single bacterial growth either Streptococcus sp.
or Clostridium sp. In the liver, there were seven samples likely
to be true positive (Clostridium sp., Streptococcus sp., Enterob-
acter sp., Enterococcus sp., Escherichia sp., Staphylococcus sp.,
or Streptococcus sp.).
There were signatures from several bacteria detected by qPCR

in liver. Bacteria may pass through the gut epithelium and
migrate to the liver in portal vein blood during life. Animal
studies have shown that not only living but also dead bacteria
can escape from the intestine and be found in the liver (25).
The liver is enriched with innate immune cells (e.g., Kuppfer

FIG. 3––Relative amount of different genera (%) found in bacterial DNA positive samples in RT-qPCR. MLN, mesenteric lymph node. The results from two
different Clostridium measurements were marked as Clostridium sp., findings from S. aureus and S. epidermidis were marked as Staphylococcus sp. as well as
results from Streptococcus sp. mainly Str. mitis-group were marked as Streptococcus sp.
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cells, natural killer cells) and hepatic stellate cells (26). Bacteria
and their residuals are cleared from portal blood mainly by
Kupffer cells in sinusoids. These macrophages are able to engulf
and kill bacteria, cancer cells, and viruses, but their prominent
task is to recruit other immune cells for the cascade (27,28). We
do not know when the bacterial residuals measured by
RT-qPCR have been transferred into the liver. However, because
the bacterial migration measured by culturing remained stable
until 5 days, it can be assumed that bacterial residuals measured
by RT-qPCR have been transported during the lifetime into the
organ.
To the best of our knowledge, our study is the first to evaluate

postmortem bacterial findings in pericardial fluid. Pericardial
fluid differs from other sampling sites as samples can be taken
as soon as the sternum has been removed, and no handling of
organs in the abdominal cavity is needed, and it can easily be
aspirated with a sterile needle. Pericardial fluid is produced by
the thin fibrous mesothelium of the external surface of the heart.
Therefore, postmortem microbial contamination or migration
from the blood is prevented. Mono-isolates found in pericardial
fluid in this study could indicate a transient bacteremia or even
true ongoing infection during lifetime. During life, bacteria may
enter the pericardial fluid causing purulent pericarditis spreading
from an intrathoracic, myocardial or subdiaphragmatic focus and
by hematogenous dissemination. The most frequent causes are
Staphylococcus sp., Streptococcus sp, Haemophilus sp., and
Mycobacterium tuberculosis (29). There are two reports of peri-
carditis with local infections without septicemia. Lodha et al.
showed that the bacterium S. aureus from a purulent cyst of the
scalp was found only in pericardial fluid (30). In another study,
primary hepatic actinomycosis caused purulent pericarditis (31).
According to the literature, if the patient has sepsis, it is rare that
he also has pericarditis (32).
As a conclusion, postmortem samples ought to be taken

within 5 days postmortem and the best sampling places are liver
and pericardial fluid. These two sampling sites were the most
sterile and also remained sterile longest. Liver is rarely contami-
nated, and the bacterial findings were mostly mono-isolates up
to 5 days postmortem. Because bacterial migration remained
stable in pericardial fluid according to culturing, all the bacterial
results detected by RT-qPCR could be true findings. This can
also be applied to the RT-qPCR results of liver samples before
5 days postmortem. Our results suggested that true bacterial
findings could be found in the pericardial fluid and in the liver.
The microbiological results from autopsy cases must, however,
be interpreted by an experienced microbiologist and forensic
specialist.
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Changes in gut bacterial populations and their
translocation into liver and ascites in alcoholic
liver cirrhotics
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Abstract

Background: The liver is the first line of defence against continuously occurring influx of microbial-derived products
and bacteria from the gut. Intestinal bacteria have been implicated in the pathogenesis of alcoholic liver cirrhosis.
Escape of intestinal bacteria into the ascites is involved in the pathogenesis of spontaneous bacterial peritonitis,
which is a common complication of liver cirrhosis. The association between faecal bacterial populations and
alcoholic liver cirrhosis has not been resolved.

Methods: Relative ratios of major commensal bacterial communities (Bacteroides spp., Bifidobacterium spp.,
Clostridium leptum group, Enterobactericaea and Lactobacillus spp.) were determined in faecal samples from post
mortem examinations performed on 42 males, including cirrhotic alcoholics (n = 13), non-cirrhotic alcoholics
(n = 15), non-alcoholic controls (n = 14) and in 7 healthy male volunteers using real-time quantitative PCR
(RT-qPCR). Translocation of bacteria into liver in the autopsy cases and into the ascites of 12 volunteers with liver
cirrhosis was also studied with RT-qPCR. CD14 immunostaining was performed for the autopsy liver samples.

Results: Relative ratios of faecal bacteria in autopsy controls were comparable to those of healthy volunteers.
Cirrhotics had in median 27 times more bacterial DNA of Enterobactericaea in faeces compared to the healthy
volunteers (p = 0.011). Enterobactericaea were also the most common bacteria translocated into cirrhotic liver,
although there were no statistically significant differences between the study groups. Of the ascites samples
from the volunteers with liver cirrhosis, 50% contained bacterial DNA from Enterobactericaea, Clostridium leptum
group or Lactobacillus spp.. The total bacterial DNA in autopsy liver was associated with the percentage of CD14
expression (p = 0.045). CD14 expression percentage in cirrhotics was significantly higher than in the autopsy
controls (p = 0.004).

Conclusions: Our results suggest that translocation of intestinal bacteria into liver may be involved as a one factor
in the pathogenesis of alcoholic liver cirrhosis.

Keywords: Alcoholic liver cirrhosis, Gut microbiota, RT-qPCR, Bacterial translocation, Microbiology, CD14
Background
Liver cirrhosis is the irreversible end stage of chronic
liver disease. In Western countries more than 90% of
cirrhosis is caused by excessive ethanol consumption.
However, only a minority of alcohol abusers ever de-
velop liver cirrhosis during their lives. Our group has
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previously reported a link between alcoholic liver cirrho-
sis and bacterial recognition receptor CD14 genetics [1]
supporting the hypothesis of the involvement of intes-
tinal bacteria and their endotoxins in the pathogenesis
of cirrhosis [2]. This observation has been confirmed by
other groups [3,4].
In healthy individuals, normal gut microbiota consists

mainly of bacteria belonging to the Clostridium coc-
coides (cluster XIVa) and Clostridium leptum group
(cluster IV), Bacteroides spp., Bifidobacterium spp. and
Enterobacter spp. [5,6]. Enterobacter spp. belongs to a
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large Enterobactericaea family consisting of several gram-
negative bacteria [7]. The liver is continually exposed to
gut derived bacteria and bacterial components because
ca. 70% of its blood supply is from the portal vein, which
is the direct venous outflow of the intestine [8]. Chronic
alcohol abuse has been shown to change intestinal bacter-
ial population by decreasing the numbers of Clostridium
(gram-positive, anaerobe) and Bacteroidetes (gram-nega-
tive, anaerobe) and increasing the numbers of aerobic
Proteobacteria (gram-negative, facultatively or obligately
anaerobic) [9].
Alcohol can cause leakage of intestinal cell junctions

[10]. Gram-negative bacteria [11] and their endotoxins
[12] may then translocate through portal blood into the
liver and induce inflammation leading to fibrosis and
cirrhosis in genetically susceptible individuals [1]. The
quantities of Bacteroides spp. and Bifidobacterium spp.
have been reported to be decreased and those of Entero-
bacter spp. and Clostridium spp. to be increased in the
faeces of cirrhotics [13,14], but it is not known whether
these bacteria may translocate into the liver.
Spontaneous bacterial peritonitis is a complication of

cirrhosis. It is thought to be due to bacterial overgrowth
in the gut and their translocation into the ascites [15].
Its frequency has been 7% in cirrhotic patients with asci-
tes [15]. Bacterial culture is unreliable, and the diagnosis
is based on a polymorphonuclear cell count of 250/mm3

or more in the ascites fluid, regardless of the result of re-
ceived by bacterial culturing. Bacterial contamination
may be far more common than manifest in spontaneous
bacterial peritonitis or positive bacterial culture. It is
possible that bacteria which may be associated with the
pathogenesis of cirrhosis may also be present in ascites
when measured by molecular biological methods instead
of conventional culturing.
We have previously reported that liver samples from

autopsies can be reliably used in bacteriological analyses
up to 5 days post mortem [16], and that the faecal bacter-
ial composition of certain bacteria remains stable during
Table 1 Demographic characteristics of the study subjects

Autopsy cases

Cirrhotics Alcoholics Non-alc

N 13 15

PM time mean 3.6 3.3

Age mean (range) 56 (39–77) 54 (34–77) 5

BMI mean (range 29.1 (19.6-41.9) 30.1 (20.4-42.1) 27.

Cause of death

Heart disease% 5 (38.5%) 3 (20.0%) 1

Other disease% 5 (38.5%) 8 (53.3%)

Non-natural death1% 3 (23.1%) 4 (26.7%)
1suicide, accident, poisoning.
that period [17]. In an earlier paper we also have shown in
the present autopsy series that bacteria can be detected by
culturing and qPCR in mesenteric lymph nodes but also
in the portal vein and liver [16]. The aim of this study
was to characterize changes in intestinal microbiota
(Bacteroides spp., Bifidobacterium spp., Clostridium lep-
tum group, Enterobacteriacaea, and Lactobacillus spp.) in
alcoholic liver cirrhotics compared to alcoholics without
cirrhosis, non-alcoholic autopsy controls and in healthy
volunteers, and to study the translocation of bacteria into
liver and ascites samples. In order to confirm the signifi-
cance of our bacterial findings, the activity of bacteria rec-
ognizing receptor CD14 was studied by immunostaining
of autopsy liver samples and correlated with the presence
and amount of bacterial DNA in liver.

Methods
The present study comprised a prospective autopsy series
of 42 males at the Department of Forensic Medicine of
the University of Tampere, and 7 male healthy volunteers
and 12 male clinical volunteers with alcoholic liver cirrho-
sis with ascites at the Department of Gastroenterology
and Alimentary Tract Surgery (Table 1). From the routine
autopsies, we selected cases with alcoholic cirrhosis
(n = 13), alcoholics (n = 15) without liver cirrhosis and a
control series (n = 14) of non-alcoholic men. Criteria for
including autopsies were: out-of-hospital death, male sex,
age over 18 years, time elapsed post mortem 5 days or
less, time interval between death and storage of the body
in the mortuary less than 24 hours, intact middle torso
and bowel, no signs of bacterial infections or visible
wounds or necrosis and no signs or reports of drug addic-
tion. None of the study subjects were reported to have
taken antibiotics for 2 weeks prior to sampling. Two of
the 42 men died of alcohol intoxication and in 17 cases
alcohol was a contributory factor for death. One subject
died of alcoholic liver cirrhosis. The hospital records of
the autopsy cases were available, and were scrutinized for
mentions of alcohol use. The criterion for the definition of
Volunteers

oholic controls Healthy controls Liver cirrhosis P-value

14 7 12

3.8 0.537

8 (18–86) 45 (26–57) 58 (39–73) 0.383

4 (18.4-43.6) 27.1 (20.8-37.2) 28.1 (19.7-39.2) 0.573

0 (71.4%) 0.007

1 (7.1%) 0.017

3 (21.4%) 0.885
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alcoholism or heavy alcohol consumption was a comment
in the hospital records/police reports or alcoholism-
related microscopic findings such as presence of alcoholic
liver disease or cerebellar atrophy, along with positive
post-mortem alcohol test. Of the 15 alcoholics, 11 had
mentions of alcoholism in their documentation, 12 had
positive post mortem alcohol test and 6 also had micro-
scopic findings (fatty liver, cerebellar atrophy or chronic
pancreatitis) of alcoholism.
Written consent was obtained from the volunteers.

None of the healthy volunteers drank more than 3
drinks (12 g of alcohol) per week. Volunteers with liver
cirrhosis reported excessive alcohol consumption. None
of the study subjects were reported to have taken antibi-
otics for 2 weeks prior to sampling.
Samples from rectum and liver were taken aseptically

from the autopsy cases. The healthy volunteers provided
samples after defecation. All faecal samples were frozen
(−20°C) immediately after sampling and were transferred
to −80°C until further processing. Ascites fluid samples
were collected from patients during their hospital stay
with sterile instruments.
Ascites fluid samples were drawn aseptically at the

bedside from the volunteers with a diagnosis of alcohol-
related cirrhosis, which was based on drinking history
and clinical findings. Bacterial conventional culturing as
well as albumin and polymorphonuclear measurements
from ascites samples were performed.
Faecal samples were weighed to be 150 mg (wet weight).

Bacterial DNA was extracted from the faecal samples using
a commercial DNA extraction kit (Zymo Fecal DNA Kit
(Zymo Research Corporation, Irvine, California, USA)) ac-
cording to the instructions provided. DNA from liver,
blood and ascites fluid samples was extracted using Zymo
Bacterial/Fungal DNA Kit (Zymo Bacterial/Fungal DNA
Kit (Zymo Research Corporation, Irvine, California, USA)).
The quantity of bacteria was determined by RT-qPCR

using published oligonucleotide primers and probes for
Bacteroides spp. [18], Bifidobacterium spp. [19], Clostrid-
ium leptum group (cluster IV) [19], and Enterobacter
spp. [20]. The primers and probe for Enterobacteriacaea
(Forward: GCGGTAGCACAGAGAGCTT, Reverse: GG
CAGTTTCCCAGACATTACTCA, PROBE:6FAM-CCG
CCGCTCGTCACC-BHQ), and Lactobacillus spp. (For-
ward: GCTAGGTGTTGGAGGGTTTCC, Reverse: CCA
GGCGGAATGCTTAATGC, PROBE:6FAM- TCAGTG
CCGCAGCTAA-BHQ) were designed and confirmed
using BLAST with the National Centre for Biotechnol-
ogy Information server (http://www.ncbi.nlm.nih.gov)
and Ribosomal Database Project (http://rdp.cme.msu.
edu/probematch/search.jsp). Specificity and cross re-
activity of all the primers and probes were tested using
bacteria from clinical samples and reference bacteria
[16,21]. Total amount of bacteria was measured using
universal bacterial primers and a probe [22]. Assays from
faecal samples and from ascites were performed with
AbiPrism 7000 HT Sequence Detection System (Taqman™,
AppliedBiosystems, California, USA) in reaction volume
of 20 μl in 96-well reaction plate under standard condi-
tions with Taqman. Faecal samples were diluted 1:100. In
the liver samples, assays were performed with AbiPrism
7900 HT Sequence Detection System (Taqman®, Applied-
Biosystems) in a reaction volume of 5 μl. One micro litre of
DNA was added into the reactions for the detection system.
MasterMix was prepared using Taqman™ Environmental
MasterMix adding at final concentrations of 1000 nM of
each primer, and 250 nM of each fluorescence labelled
probe. All amplifications and detections were carried out
in duplicate or quadruplicate (in uncertain cases).
The relative amount of bacterial DNA in a sample

was determined with comparative Ct method (ΔΔCt,
ΔCt sample – ΔCt reference sample) [23]. In autopsy faecal
samples, mean ΔC values of the faecal samples of healthy
volunteers were calculated and used as a reference. In as-
cites fluid and liver samples the blood sample from a
healthy individual was used as a reference as previously
described [16]. Bacterial positivity of liver and ascites sam-
ples was determined as previously described [16].
Histological samples from the right lobe of the liver

were taken at autopsy, fixed in 10% formalin overnight
and processed for CD14 (Leica Biosystems, Newcastle,
United Kingdom) immunohistochemistry, using dilution
of 1:250 with Autostainer LV-1 (Lab Vision Corporation,
California, USA). The percentage of brown peroxidase
positivity in each sample was calculated with the Immu-
noRatio program [24] and average discolouration value
was compared between different groups.
The study was approved by the Ethics Committee of

Pirkanmaa Hospital District and the National Supervis-
ory Authority for Welfare and Health (VALVIRA).

Statistics
Due to the skewed variation within the bacterial mea-
surements, logarithmic values were used for the calcula-
tions [IBM SPSS Statistics version 21 (IBM, New York,
United States)]. ANOVA was used to measure significant
differences between groups (healthy volunteers, alcoholic
cirrhotics, alcoholics and non-alcoholic controls). When
ANOVA showed a significant difference, pairwise com-
parisons with Post Hoc test with Least Significant Differ-
ence (LSD) corrections were made. With liver samples,
Pearson’s Chi-square test was used.

Results
The median values of relative amounts of measured bac-
terial groups in the faeces of the autopsy controls were
comparable to those in the healthy volunteers (Figure 1).
Although the numbers in the groups were small, there

http://www.ncbi.nlm.nih.gov
http://rdp.cme.msu.edu/probematch/search.jsp
http://rdp.cme.msu.edu/probematch/search.jsp


Figure 1 Relative amounts (n-fold difference) of bacteria measured (Bacteroides spp., C. leptum group, Bifidobacterium spp.,
Lactobacillus spp., Enterobactericaea) in faecal samples of cirrhotic, alcoholic and autopsy control cases and in healthy volunteers.
Individual values are presented as diamond, median values with horizontal lines.
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were differences across study groups (healthy volunteers,
controls, alcoholics and cirrhotics) in the relative
amounts of Bacteroides spp. (p = 0.070) and Enterobac-
tericaea (p = 0.056). Post Hoc analysis showed that males
with cirrhosis had significantly more gram-negative
Bacteroides spp. (p = 0.013) and gram-negative Entero-
bactericaea (p = 0.011) in autopsy faecal samples than
did the healthy volunteers. Of Enterobactericaea, aut-
opsy faecal samples from males with cirrhosis contained
considerably more gram-negative Enterobacter spp.
(p = 0.034) than those from alcoholics without liver cir-
rhosis (data not shown). When comparison was done
against all other groups combined (alcoholics, control
autopsies and healthy volunteers), the faeces of alcoholic
cirrhotics contained statistically significantly more gram-
negative Enterobactericaea (p = 0.037), Enterobacter spp.
(p = 0.047) and Bacteroides spp. (p = 0.049). No differ-
ences were seen in the proportion of Bifidobacterium spp.
and Lactobacillus spp. between different groups. Inter-
individual variation was great in all bacterial measurements.
Bacterial DNA positivity was in liver samples of cir-

rhotics 92%, alcoholics 60% and in the controls 64%
(Figure 2). These differences did not reach statistical sig-
nificance (p = 0.130, Pearson Chi Square). The most
common bacterial DNA detected in the liver samples of
cirrhotics was Enterobactericaea (49%) and Bifidobacter-
ium spp. (24%). Differences between detected bacteria in
the groups did not reach statistical significance; wide
inter-individual variation was detected.
Of the ascites fluid samples, 50% contained bacterial
DNA. Of the bacteria measured Lactobacillus spp.,
C. leptum group and Enterobactericaea were found,
whereas Bifidobacterium spp. and Bacteroides spp. were
not amplified (Figure 3). In all 12 samples, the ascites
leukocyte count was below 250 10E6/l, thus none of the
patients fulfilled the criteria of spontaneous bacterial
peritonitis. Ascites bacterial culturing was negative in
each case.
CD14 percentage differed significantly (p = 0.012) among

the controls (median 17.6%), alcoholics (23.3%) and cir-
rhotics (31.9%). In Post Hoc analyses using LSD correction
the CD14 expression percentage was significantly higher in
the cirrhotics than in the autopsy controls (p = 0.004) but
there were no statistically significant differences between
the controls and alcoholics without cirrhosis or between
the alcoholics and cirrhotics. Figure 4 presents examples of
CD14 staining of control, alcoholic and alcoholic liver cir-
rhosis cases. Expression of CD14 was higher (p = 0.045) in
bacterial DNA-positive liver samples than in DNA- nega-
tive samples (Figure 5).

Discussion
In this study we measured with RT-qPCR the compos-
ition of gut microbiota and bacterial translocation into
the liver in alcoholic liver cirrhotics and non-cirrhotic
alcoholics compared to controls. We found that liver cir-
rhotics harboured considerably more gram-negative Bac-
teroides and Enterobactericaea including Enterobacter



Figure 2 Percentages of bacteria found in the liver samples of autopsy cases (n = 42) with RT-qPCR.
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spp. in their faeces than did the controls. This result is
in line with those of other studies [13,14,25] showing in-
creased prevalence of Enterobactericaea in the phylum
level and also an increase in the counts of Enterobacter
spp. in the faeces of cirrhotics. Cirrhosis is associated
with a decreased conversion of primary to secondary
faecal bile acids, which is associated with abundance of
major gut microbiome taxa. Bile acids in general, and
cholestasis, which is common in cirrhotic patients, may
be one mechanistic explanation for the altered micro-
biota in liver diseases [25]. However, our results do not
confirm earlier reports of decreased amounts of gram-
negative Bacteroides spp. and gram-positive Bifidobac-
terium spp. and increased amounts of gram-positive
Clostridium spp. in the faeces of cirrhotics [13, 14,].
We also found that the total amount of bacterial DNA

in liver was associated with CD14 expression percentage
in immunohistochemical stainings. The CD14 expres-
sion percentage in cirrhotics was significantly higher due
to possible bacterial load compared to that of the aut-
opsy controls. While CD14 macrophages in liver, Kupffer
cells, are also capable of recognizing e.g. human cell
Figure 3 Bacteria found in the ascites samples of volunteers
with liver cirrhosis (n = 12) with RT-qPCR specific primers and
probes. A blood sample from a healthy volunteer was used as
a reference.
debris, apoptotic cells and other activating agents [26],
they have developed an efficient phagocytic capacity to
remove endotoxin from portal circulation. Moreover,
since Kupffer cells are continuously exposed to endo-
toxin and other activators, they show constitutive low-
level CD14 activation [27], as is seen in our control liver
samples. As far as we know, there are no previous stud-
ies reporting the simultaneous measurement of amounts
of bacterial DNA and CD14 activity in the liver. Our re-
sults suggest that bacteria may have a role as inducers of
the CD14 mediated inflammation process that may lead
to fibrosis and cirrhosis [28].
It is known that intestinal bacteria contribute to intes-

tinal homeostasis and that alcohol affects microbial
populations by disturbing this balance [2]. Alcohol me-
tabolite, acetaldehyde, has a direct effect on gut epithe-
lial cell function by disrupting tight junctions, and may
thus enhance bacterial translocation [10] from the intes-
tines. Alcohol ingestion has been reported to correlate
with increased levels of bacterial endotoxins [29-31] and
peptidoglycan [32] in plasma. Of commensal intestinal
bacteria, gram-negative enterobacteria and gram-positive
enterococci are the most effective to escape into the
organs [11] and are the most commonly found in
community-acquired infections in patients with alco-
holic liver cirrhosis [33]. Moreover, sepsis is a 20 times
more common cause of death in cirrhotics than in gen-
eral population [34]. Our results showed that Enterobac-
tericaea was the most commonly detected in livers of
cirrhotics. These differences were not statistically signifi-
cant, most probably due to small sample size and wide
inter-individual variations in bacterial populations. Fur-
thermore, bacterial DNA from Enterobactericaea was
also detected in ascites.
In cirrhotic patients, attempts have been made to inhibit

the growth of gram-negative bacteria in the gut by the use
of broad-spectrum antibiotics such as fluorokinones e.g.
neomysin, norfloxacin and ciprofloxacin [35,36]. However,
long-term use of antibiotics may lead to an increase
of pathogenic bacteria in the gut [37] and to increased
antibiotic resistance [38,39]. In experimental studies,



Figure 4 Immunohistological staining of CD14 as DAB/nuclear area percentage calculated with ImmunoRatio program.

Figure 5 Immunohistological CD14 expression percentage in
bacterial DNA positive and bacterial DNA negative autopsy
liver samples calculated with ImmunoRatio software. Medians
are presented as lines.
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probiotics (Bifidobacterium spp., Lactobacillus spp.), have
restored normal gut homeostasis and have inhibited exces-
sive growth of gram-negative bacteria [40-42]. In the
future, targeted treatments using probiotics or better fo-
cused antibiotics against risk pathogens, like Enterobacter-
icaea, may be available.
In the present study, relative amounts of commensal

gut bacteria and their translocation into liver and ascites
was investigated with RT-qPCR. The frequency of bac-
terial DNA in ascites was 50%, even though none of the
volunteers with liver cirrhosis had positive culture or
spontaneous bacterial peritonitis. We used universal bac-
terial primers and probes [22] to amplify all bacterial
DNA in the samples. Therefore we believe that our
negative cases were genuinely bacterial negative and as-
cites were sterile in these cases. We did not have control
samples from non-cirrhotic ascites, which is a limitation
of the study, but except in malignancy, such samples are
difficult to obtain. Nevertheless, the same bacteria were
found to leak in ascites which were found translocated
in liver samples. RT-qPCR provides a fast and accurate
tool for the determination of the faecal bacterial com-
position of clinical patients. Conventional culturing,
which is used in many hospital labs, provides only lim-
ited opportunities to study certain bacterial strains [16].
Culturing is a relatively slow method and may not pro-
vide any information if the bacteria in the samples have
been exposed to unfavourable conditions like oxygen or
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temperature changes leading to their death. Because only
30-40% of the bacteria in the human intestinal tract
are culturable, bacterial detection diagnostics can be
improved with the DNA-detection based approach [43].
We also found that there were remarkable inter-
individual variations in bacterial population ratios, as
also reported by earlier studies [44,45].
We have previously shown that e.g. genetic polymorph-

ism in the bacterial CD14 receptor may play a role in sus-
ceptibility to cirrhosis [1]. This suggests that susceptibility
to alcoholic liver cirrhosis due to bacterial influx into the
liver may also be genetically determined. A continuous
bacterial translocation from the gut may not be enough
per se to cause the development of cirrhosis.

Conclusions
In conclusion, alcoholic liver cirrhotics had increased
amounts of gram-negative enterobacteria in faeces and
DNA from enterobacteria was detected in liver and ascites.
Total bacterial DNA amount in the liver was associated with
immunohistochemical CD14 expression, which was signifi-
cantly higher in liver cirrhotics than in autopsy controls.
These results suggest that intestinal microbiota and

bacterial translocation into the liver may be involved in
the pathogenesis of alcoholic liver cirrhosis.
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