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ABSTRACT

Background: Human microbiota including intestinal fungi (mycobiota) plays an
important role in health and disease. Mycobiome is a term refers to the genetic
composition of fungal microbiota. The relation of intestinal mycobiota to chronic viral
hepatitis and its progression has not yet been totally explored. Objectives: This study
was designed to compare Gl fungal composition and fungal genetic load (mycobiome
load) in patients with chronic hepatitis C virus (HCV) infection including liver cirrhosis
and healthy subjects. Methodology: Stool samples were collected from patients with
varying degrees of chronic HCV infection. Sabouraud dextrose agar was used for culture
detection of fungi. Real-time PCR was done for estimation of mycobiome load in patients
with chronic HCV infection, HCV cirrhosis and in healthy control. Results. This study
enrolled 53 patients with chronic HCV infection including 27 patients with chronic HCV
hepatitis and 26 patients with HCV liver cirrhosis. Fifty-five subjects were considered as
healthy controls. There is a significant increase in mycobiome load in patients with
chronic HCV infection including patients with cirrhosis more than the control group (P
value <0.05). By culture method, Candida species were obtained with more frequent
isolation in HCV patients. There was an increase in the non albicans Candida in chronic
HCV cirrhosis group more than albicans Candida. Conclusion: HCV patients are more
predisposed to candidal colonization than normal subjects. The load of enteric
mycobiome is increased in chronic HCV patients. The load of GI mycobiome may

increase with the progress of HCV infection.

INTRODUCTION

Viral hepatitis is a worldwide health problem. About
2 million people die every year from viral hepatitis.
HCV infection represents a major concern in Egypt.
According to WHO, Egypt is the country with the
highest HCV prevalence. It is estimated to be around
7% *. Major percentage of patients with HCV infections
are prone to develop serious complications as liver
cirrhosis which may predispose to hepatocellular
carcinoma 2,

Microbiota refers to complex microbial communities
including bacteria, fungi, viruses and archaea that are
normally inhabit different parts of human body®.
Microbiota is present in GIT, Skin, respiratory tract,
oral cavity, female reproductive system and even in
sterile body areas*’. However, GIT is still representing
the main site of microbota’. Gastrointestinal (GI)
microbiota is composed of about 10" cells 8 Gut
microbiota regarding load, composition and diversity
are proved to play a role in both health and many
diseases®™. Microbiome is a term that describes the
genetic content of bacteria, fungi, and viruses
microbiota. Gut microbiome refers to collection of
genetic material of different organisms present in
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human GIT. It is estimated to be more than 3 million
genes which is 150 larger than the whole human
genome. So, gut microbiota is now proved to be a
human organ ****. The term mycobiome describes the
genetic composition of fungal microbiota .

The relation between gut bacterial microbiota and
autoimmune hepatitis, alcoholic hepatitis, and chronic
HBV has been discussed in many studies **". The
association of intestinal fungal communities and chronic
HBV are investigated in some studies *®. However, to
our knowledge the relation of human mycobiome load
and chronic HCV infection and cirrhosis has not been
investigated.

The current study, aimed at giving insight to GI
fungal composition in cases of chronic HCV infections,
cirrhosis and healthy subjects using culture dependant
methods. In addition, real time PCR was used to
compare the fungal genetic load (mycobiome load) in
these patients and healthy controls.

METHODOLOGY
Study design
This study is a case control study which enrolled 53
patients with HCV infection and 55 healthy subjects as
controls during the period extending from April 2015 to
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January 2017 in the department of internal medicine,
Mansoura University hospitals, Egypt. The study
protocol was approved by institutional review board in
faculty of medicine, Mansoura University. Written
consents were obtained from patients and controls
sharing in the present study. The patients group includes
27 patients with chronic HCV hepatitis and 26 patients
with HCV liver cirrhosis. The case and control groups
were matched in age, sex and body mass index table (1).
Diagnosis of Hepatitis C viral infection was based on
serological detection of antibody against HCV by
ELISA. Reverse transcriptase real time PCR (rt-PCR)
was used for detection of the virus RNA load in patients
group. HCV RNA load was classified into mild,
moderate and severe.

The diagnosis of liver cirrthosis was based on
fibroscan and liver function tests. Absence of HCV

infection in the control group was diagnosed by ELISA
for HCV antibody. Liver function tests were done for
both groups table (1). Stages of liver fibrosis in patients
group were identified by fibroscan. HCV virus load
estimated by real time rt-PCR was classified into mild,
moderate and sever. Patients with less than 10° copy
number/ ml (mild infection), 10° -10° copy number/ ml
(moderate infection), and more than 10° copy number/
ml (sever infection) table (2).

Patients with intestinal dysmotitilty, peptic ulcer,
cancers, and with other types of hepatitis including
other viral hepatitis were excluded. The patients and
control groups were not receiving any antimicrobial
agents including antibiotics, antifungal and antiviral
drugs in the previous 3 month before the study.

Table 1: Demographic characteristics and liver function tests of patients and control groups

Chronic HCV HCV cirrhosis Healthy control
(Total =27) (Total =26) (Total =55)
Age (years) (33-65) (37-69) (26-56)
(mean+SD) 52.6+6.7 56.8+10.6 50.1+10.2
Sex
Male (No%) 12 (44.4) 14 (53.3) 31 (56.4)
Female (No%) 15 (55.6) 12 (46.2) 24 (43.6)
Body massindex (mean £ SD) 31.8+4 31.3+£5 349+3.8
ALT (meanxSD) 41 £17 28+ 143 21.9+4.8
AST (meantSD) 45819 35.6+8.2 30+£3.6
Serum Bilrubin (Total) (mean + SD) 1.2+0.5 1.6 £0.6 0.9+0.07
Serum Bilrubin (Direct) (mean + SD) 04+£04 0.6+0.3 0.2+0.02
Albumin (mean + SD) 4.1+0.5 34+0.6 43+02
Prothrombin time (mean + SD) sec 13£0.2 15+£0.7 129+0.2
Serum alpha feto protein 4+2.6 18+ 8.8 24+0.8
Table2: HCV load in relation to liver fibrosis stagesin the patients group
Stage 1 Stage 2 Stage 3 Stage 4
HCV RNA load by real-timert No% No% No% No%
PCR (copy number /ml) (Total =13) (Total=14) (Total=20) (Total=6)
<10° 1(7.7) 2 (14.3) 5(25) 0
M oder ate (10°-10°) 3(23.1) 4 (28.6) 3(15) 3(50)
>10° 9(69.2) 8 (57.1) 12 (60) 3 (50)

Preparation of stool samples

Stool samples were collected from patients and
controls in sterile containers. Each sample was divided
into two parts each was 500 mg weight; for culture
detection of fungi and real-time PCR. The portion for
molecular analysis was homogenized in 0.1 M sodium
phosphate buffer (pH 6.5) and stored until processing.
Culture:

The first part of the sample was used for cultivation
of fungal component of microbiota. The samples were
inoculated in duplicate on SDA supplemented with
chloramphenicol (40 mg/mL) and kanamycin (50
mg/mL). The samples were then cultured for 7 days at
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25 °C and 37 °C. Species identification of yeast was
performed by morphology, germ tube test and API 20 C
(Bio-Merieux Company, France) 1920,

DNA extraction:

DNA extraction was performed using the
QIAampDNA Stool Mini Kit (QIAGEN Company,
Germany) following the manufacturer's instructions 2.
Real-time quantitative PCR

Fungal genetic load (mycobiome load) in stool
samples was determined by quantitative real-time PCR
using ABI-Prism 7500 Sequence Detection System
(Applied Biosystems, Foster City, CA). SYBR-Green
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PCR 2X master mix was used for quantification of total
fungal load in 96- well plates. The reaction was done in
total volume of 25 pl with 10ul of DNA sample. Each
reaction was performed twice. Amplification was
performed according to the following reaction
conditions: 95°C for 10 min, followed by 40 cycles of
95°C for 15 seconds and 64°C for 45 seconds, 72°C for
30 seconds with a final extension step of 5 minutes at
72°C % Melting curves were analyzed to confirm the
identity and fidelity of amplification products . The
following primers specific for 18S rRNA gene were
used: S'ATTGGAGGGCAAGTCTGGTG 3' and
5'CCGATCCCTAGTCGGCATAG 3'%. The threshold
cycle for each sample was determined.

Data were calculated using

DeltaC[T])} method % 2*,
Statistical analysis

Descriptive data were presented in the form of
number, parentages, and mean + standard deviation.
Statistical analysis was performed using Statistical
Package for Social Sciences (SPSS, version 17.00;
Chicago, IL, USA). Chi-square test (y2) was used for
analysis of categorical data. Kolmogorov-Smirnov test
was used to assess normality of continuous data.
Independent sample t-test was used to compare
continuous data of two groups. ANOVA test was used
to compare continous data between more than two
groups.

Values of P<0.05 were considered to be significant.
The results of quantitative real time PCR for
mycobiome load were converted to the average
logarithms (logo) of target DNA fragment copy number
in one gram feces. The averaged log;o of mycobiome
load was expressed as mean + SD and used for
statistical analysis.

the 2-{2(-Delta

RESULTS

Study population:

This study was conducted in the department of
internal medicine, Mansoura University hospitals, Egypt
in the period extending from April 2015 to January
2017. Fifty three HCV patients (26 patients with HCV
liver cirrhosis and 27 patients with chronic HCV liver
infection) and 55 healthy subjects were enrolled. The
mean age of the chronic HCV group was 52.6 + 6.7,

cirrhosis group 56.8 + 10.6 and the control subject was
50.1 £ 10.2. The demographic characters and the liver
function test expressed as mean + SD are presented in
table (1). Stages of liver fibrosis were identified by
fibroscan. Patients of stage 3 liver fibrosis were the
major sector of the patient group (20/53) (37.7%). HCV
RNA load estimated by reverse transcriptase real time
PCR and the stages of liver fibrosis in the patient group
are shown in table (2). Patients were -classified
according to the viral RNA load into mild, moderate,
and sever infection table (2). Stool samples were
collected from patients and controls. Each sample was
divided into two parts for culture of fungal microbiota
and for molecular estimation of mycobiome load.
Composition of fungal microbiota by culture
dependant method:

By culture dependant method, Candida species
were the only detected fungal microbiota. Rate of
Candida isolation by culture method from HCV chronic
infected patients was 66.7% (18/27), 73.1% (19/26)
from cirrhosis patient and 43.6% (24/55) from the
controls. On comparing the two HCV patients groups
and control group, there is a statistically significant
difference in colonization rate of the HCV infected
patients and the controls (P value < 0.01). The albicans
Candida was the most commonly isolated species in
both patient and control groups. The presence of non
albicans Candida was most common in HCV cirrhosis
without significant difference (P=0.8). Different
composition of Candida species was observed in
control, chronic HCV and in HCV cirrhotic patients
(table 3). The most numerous non albican species in
controls was C. tropicalis. The most commonly isolated
non albicans species in chronic HCV patients and
cirrhosis were C. tropicalis and C. parapsilosis
respectively.

M ycobiome quantification by real-time PCR

In the current study quantitative real-time PCR was
used for estimation of mycobiome load in patients and
control groups. The log;, mycobiome load was
significantly higher in the two patients groups compared
to the control P value < 0.01 (table 4). Comparing log)
of mycobiome load among liver fibrosis groups,
significant difference was found P value < 0.01 (table
5).

Table 3: Candida speciesisolated by culture dependant method from stool sample of the studied groups

Fungus species by culture method HCV infected patients HCV cirrhosis Healthy control P

No% No% No% value
(Total =27) (Total = 26) (Total =55)

C. albicans 11 (40.7)® 10 (38.5)° 15 (27.3) 0.8%

Non albicans Candida 7(29.6) 9(34.6) 9 (16.4)

C. tropicalis 3(11.1) 2(7.7) 4(7.3)

C. glabrata 1(7.4) 2(3.8) 2(3.6)

C. krusei 1(3.7) 1(7.7) 0

C. parapsilosis 2(7.4) 4(15.4) 3(5.5)

Total number of isolated Candida species 18 (66.7) 19 (73.1) 24 (43.6) <0.01°

# Statistically insignificant difference in distribution of Candida albicans/ non albicans between the three groups
P Statistically significant difference in Candida colonization between chronic HCV infected patients and the control group.
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Table4: Log;, mycobiome load in different groups (mean + SD)

HCV infected patients HCV cirrhosis Healthy control P value
L 0g;o, mycobiome load 5.8+0.24 59+0.18 54+0.26 <0.01°
@ Statistically significant
Table5: Correlation of liver fibrosis stages with log,g mycobiome load
Liver fibrosis Liver fibrosisstage Liver fibrosis Liver fibrosis
stage 1 2 stage 3 stage 4 P value
Number (13) Number (14) Number (20) Number (6)
L 0go mycobiome load 5.56 +0. 22 5.58+0.18 5.84+0.14 6.120.07 <0.01%
Mean + SD
@ Statistically significant
6.5077
6.0077
5.5077
o
=)
S
5.00-
45077 84
]
4.00
Chronic H(IDV patients Patients withllivercirrhosis Healthylsubjects
Group

Fig. 1: Log,o of the mycobiome load in control and patients groups

On studying the possible relation between HCV RNA load and log;, mycobiome loads, independent sample t test
was performed table (6). No significant relation was found (P value= 0.8).

Table 6: Correlation of HCV RNA load with log;o mycobime load by real-time PCR

HCV viral load with real time PCR L og 10 mycobiomeload (mean) P value
Mild 8 6.1+33
Moderate 13 6.4+5.7 0.8"
Sever 32 5.5+3.6

* Statistically insignificant

DISCUSSION Many studies have pointed to the importance of the
mycobiome in gastrointestinal health. In 2008, Stephan
Fungi are among the most environmentally Ott in Christian-Albrechts-University and the University

common and divergent eukaryotes . More than 600
fungal species are conveyed to cause human disease and
are related to a variety of diseases %°.
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Hospital Schleswig-Holstein in Kiel, Germany, and
colleagues found that the fecal fungal community in
patients with inflammatory bowel disease (IBD) was
substantially different from that of healthy controls .
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Little is known about the gut mycobiota of HCV
patients. We sought to explore the gut mycobiota
composition and load in HCV patients with no other
underlying disease, in comparison with healthy controls
from the same geographical area (having similar diet
and lifestyle).

Although, culture is the golden standard for the
detection of fungal species, PCR techniques based on
the detection of the small subunit ribosomal RNA (18S
rRNA), had reemerged and are able to provide the
quantitative information about uncultivable fungi which
compromise the largest part of GI mycobiota. This
method is of higher sensitivity than traditional culture
methods %%,

This study enrolled 53 patients with chronic HCV
infection including 27 patients with chronic HCV
hepatitis and 26 patients with HCV liver cirrhosis. Fifty-
five subjects were considered as healthy controls. We
compared the composition and load of intestinal fungal
microbiota using culture method and quantitative real-
time PCR amongst the three groups. In the current
study, SYBR Green real-time PCR was used for
quantitation of whole mycobiome load in fecal samples.

Our culture findings revealed only very limited
fungal species could be detected with culture method.
These intestinal fungi include C. albicans, C. tropicalis,
C. glabrata, C. krusel and C. parapsilosis in both
patients and control groups.

The highest rate of Candida colonization was
detected in cirrhotic patients followed by chronic HCV
infected patients (73.1% and 66.7%). Candida species
were isolated only from 43.6% of the healthy subjects.

This agrees with Khatib et al. * who reported fecal
colonization with multiple species in healthy subjects.
Colonization with multiple Candida species was
detected in 69.8% of hepatitis patients. Also, this result
agrees with other previous studies %!, Candida species
represent important category of gut flora. The rate of
Candida colonization in healthy subjects is ranging
from 20% to about 75%. Comparing patients and
healthy persons, significant difference was observed
regarding Candida colonization between HCV infected
patients and healthy control (P value < 0.01). Healthy
persons and chronic HCV patients are more likely to
harbor Candia albicans, while cirrhotic patients are
more likely to harbor non albicans Candida. No
statistically significant difference was detected in the
distribution of C. albicans among the three groups (P
value: 0.8).

However, this comparison is based on rate of
culture dependant isolation of fecal fungi which is of
low sensitivity. In addition, in the present study the
data is insufficient to decide species persistence in the
gastrointestinal tract. Whether the isolated yeasts are
permanent or temporary residents is unclear. We
recommend further studies employing sequencing for
more accurate identification of different fungal species
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and to take more than one specimen from both patients
and healthy persons at different times.

In our study, there is a significant increase in
mycobiome load in patients with chronic HCV infection
including patients with cirrhosis more than the control
group (P value <0.01).

Our study shows a higher load of fungal
mycobiome in patients with hepatitis C cirrhosis than in
patients with chronic hepatitis C, and the latter was
higher than the healthy persons

This agrees with Chen et al study ', which shows
a higher load of fungal species in patients with hepatitis
B cirrhosis than in patients with chronic hepatitis B, and
the latter was higher than that in HBV carriers and
healthy volunteers. Also, Chen et al study shows a little
alteration in fecal fungal diversity between HBV
carriers and healthy volunteers.

Perhaps the most significant influence of HCV on
the gut microbiota is related to the pathophysiological
alterations of the liver, eventually interfering with its
digestive functions. For example, HCV infection leads
to low bile production, subsequently leading to fungal
and bacterial overgrowth and changes in gut
microenvironment and microbial community *.

Up to our knowledge no other studies were done to
show the relation between intestinal fungal species load
in relation to HCV.

Our results indicate that the mycobiome load
significantly correlated with the disease progression of
patients with different degrees of chronic HCV
infection. This finding may be explained by the
disturbed intestinal microecology which results in
increased intestinal microbial population including
bacterial and fungal flora. Patients with HCV chronic
hepatitis and liver cirrhosis are more prone to this
altered intestinal microbiota 3*%,

Many studies illustrate that during hepatic
affection, there is a decrease in intestinal motility. Also,
damage of the bowel barrier occurs, leading to increased
permeability and fungus translocation and consequently
fungus infection. The use of PCR could have a benefit
in management of fungus infection >

Our study has some limitation. First, we did not
study the correlation of intestinal fungal coloniazation
and mycobiome load with the development of infections
in patients with different stages of HCV hepatic
affection and cirrhosis. Second, our study did not
include HCV patients who developed hepatocellular
carcinoma and the possible role of mycobiota in
development of hepatocellular carcinoma. Further
studies are recommended to investigate these important
topics.

CONCLUSION
HCV cirrhotic patients are more predisposed to

high candidal colonization than normal subjects. The
load of enteric mycobiome is significantly increased in
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HCYV liver cirrhosis. The load of GI mycobiome may
increase with the progress of HCV infection.
Conflict of Interests

The authors declare that there is no conflict of

interests regarding the publication of this paper.

10.

11.

12.

86

REFERENCES

Egypt health issues survey 2015. Cairo and
Maryland: Ministry of Health and Population, El-
Zanaty and Associates and the DHS Program, ICF
International; 2015
(http://dhsprogram.com/pubs/pdf/FR313/FR313.pd,
accessed 7 February 2016).

Niederau C, Lange S, Heintges T, Erhardt A,
Buschkamp M, Hiirter D, Nawrocki M, Kruska L,
Hensel F, Petry W, Héaussinger D. Prognosis of
chronic hepatitis C: results of a large, prospective
cohort study. Hepatology. 1998; 28(6):1687—1695.
Faith JJ, Guruge JL, Charbonneau M, Subramanian
S, Seedorf H, Goodman AL, Clemente JC, Knight
R, Heath AC, Leibel RL, Rosenbaum M, Gordon
JI. The long-term stability of the human gut
microbiota. Science. 2013; 341(6141):1237439.
Konstantinidis KT, Ramette A, Tiedje JM. Toward
a more robust assessment of intraspecies diversity,
using fewer genetic markers. Appl Environ
Microbiol. 2006 ;72(11):7286-7293.

Fettweis JM, Serrano MG, Sheth NU, Mayer CM,
Glascock AL, Brooks JP, Jefferson KK; Vaginal
Microbiome Consortium  (additional members),
Buck GA. Species-level classification of the
vaginal microbiome. BMC Genomics. 2012;13
Suppl 8:S17.

Mathieu A, Delmont TO, Vogel TM, Robe P, Nalin
R, Simonet P. Life on human surfaces: skin
metagenomics. PLOSOne. 2013; 8(6):e65288.
Nelson KE, Weinstock GM, Highlander SK,
Worley KC, Creasy HH, Wortman JR et al. A
catalog of reference genomes from the human
microbiome. Science. 2010; 328(5981):994-999.
Steinhoff U. Who controls the crowd? New
findings and old questions about the intestinal
microflora. Immunol Lett. 2005; 99(1):12-16.
Littman DR, Pamer EG. Role of the commensal
microbiota in normal and pathogenic host immune
responses. Cell host & microbe. 2011; 10:311-323.
Blumberg R, Powrie F. Microbiota, disease, and
back to health: a metastable journey. Sci Trand
Med. 2012 Jun 6;4(137):137rv7.

Hooper LV, Littman DR, Macpherson AlJ.
Interactions between the microbiota and the
immune system. Science. 2012; 336:1268-1273.
Qin J, Li R, Raes J, Arumugam M, Burgdorf KS,
Manichanh C, Nielsen T, et al. A human gut
microbial gene catalogue established by

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

metagenomic  sequencing. Nature.  2010;
464(7285):59-65.

O'Hara AM, Shanahan F. The gut flora as a
forgotten organ. EMBO Rep. 2006; 7(7):688-693.
Zhang Y, Lun CY, Tsui SK. Metagenomics: A New
Way to Illustrate the Crosstalk between Infectious
Diseases and HostMicrobiome. Int J Mol Sci. 2015;
16(11):26263-79.

Kirpich IA, Petrosino J, Ajami N, Feng W, Wang
Y, Liu Y, Beier JI. et al. Saturated and Unsaturated
Dietary Fats Differentially Modulate Ethanol-
Induced Changes in Gut Microbiome and
Metabolome in a Mouse Model of Alcoholic Liver
Disease. Am J Pathol. 2016; 186(4):765-776.

Czaja AJ. Factoring the intestinal microbiome into
the pathogenesis of autoimmune hepatitis. World J
Gastroenterol. 2016; 22(42): 9257-9278.

Lu H, Wu Z, Xu W, Yang J, Chen Y, Li L.
Intestinal microbiota was assessed in cirrhotic
patients with hepatitis B virus infection.
Intestinal microbiota of HBV cirrhotic patients.
Microb Ecol. 2011; 61(3):693-703.

Chen Y, Chen Z, Guo R, Chen N, Lu H, Huang S,
Wang J, Li L. Correlation between gastrointestinal
fungi and varying degrees of chronic hepatitis B
virus infection. Diagn Microbiol Infect Dis.
2011;70(4): 492-498.

Beuchat LR. Media for detecting and enumerating
yeasts and moulds. IntJ Food Microbio. 1992;
17:145-158.

Agirbasli H, Ozcan SA, Gedikoglu G. Fecal fungal
flora of pedi-atric healthy volunteers and
immunosuppressed  patients.  Mycopathologia.
2005; 159: 515-520.

Godon JJ, Zumstein E, Dabert P, Habouzit F,
Moletta R. Molecular microbial diversity of
an anaerobic digestor as determined by small-
subunit rDNAsequence analysis. Appl Environ
Microbiol. 1997; 63(7):2802-2813.

Liguori G, Lamas B, Richard ML, Brandi G, da
Costa G, Hoffmann TW, Di Simone MP, Calabrese
C, Poggioli G, Langella P, Campieri M, Sokol H.
Fungal Dysbiosis in Mucosa-associated Microbiota
of Crohn's Disease Patients. J Crohns Colitis. 2016;
10(3):296-305.

Ririe KM, Rasmussen RP, Wittwer CT. Product
differentiation by analysis of DNA melting curves
during the polymerase chain reaction. Anal
Biochem. 1997; 245:154-160.

Sokol H, Conway KL, Zhang M, Choi M, Morin B,
Cao Z, Villablanca EJ, Li C, Wijmenga C, Yun SH,
Shi HN, Xavier RJ. Card9 mediates intestinal
epithelial cell restitution, T-helper 17 responses,
and control of bacterial infection in mice.
Gastroenterology 2013;145: 591-601.

Shang Y, Xiao G, Zheng P, Cen K, Zhan S, Wang
C. Divergent and Convergent Evolution of Fungal

Egyptian Journal of Medical Microbiology




26.

27.

28.

29.

30.

Egyptian Journal of Medical Microbiology

Mashaly et al. / Gl tract Mycobiome in Chronic Hepatitis C Virus Infection, Volume 26 / No. 4 / October 2017 81-87

Pathogenicity. Genome Biol Evol. 2016 ;8(5):1374-
1387.

Brown GD, Denning DW, Levitz SM. Tackling
human fungal infections. Science. 2012;
336(6082):647.

Ott SJ, Kiihbacher T, Musfeldt M, Rosenstiel P,
Hellmig S, Rehman A, Drews O, Weichert W,
Timmis KN, Schreiber S. Fungi and inflammatory
bowel diseases: Alterations of composition and
diversity. Scand J Gastroenterol. 2008; 43(7):831-
41.

Espy MJ, Uhl JR, Sloan LM, Buckwalter SP, Jones
MF, Vetter EA, Yao JD, Wengenack NL,
Rosenblatt JE, Cockerill FR 3rd, Smith TF. Real-
time PCR in clinical microbiology: Applications for
routine laboratory testing. Clin Microbiol Rev.
2006; 19:165-256.

Khatib R, Riederer KM, Ramanathan J, Baran J Jr.
Faecal fungal flora in healthy volunteers and
inpatients. Mycoses. 2001; 44(5):151-6.

Brown AJ, Odds FC, Gow NA. Infection-related
gene expression in Candida albicans. Curr Opin
Micraobiol. 2007;10(4):307-13.

31

32.

33.

34.

35.

36.

Knoke M. Gastrointestinal microbiology of humans
and Candida. Mycoses. 1999;42 Suppl 1:30-4.
Ridlon JM, Alves JM, Hylemon PB, Bajaj JS.
Cirrhosis, bile acids and gut microbiota: unraveling
a complex relationship. Gut Microbes. 2013;
4(5):382-387.

Zhao HY, Wang HJ, Lu Z, Xu SZIntestinal
microflora in patients with liver cirrhosis. Chin J
Dig Dis. 2004;5:64-67.

Guerrero Hernandez I, Torre Delgadillo A, Vargas
Vorackova F, Uribe M. Intestinal flora, probiotics,
and cirrhosis. Ann Hepatol. 2008;7:120-124.
Rimola A, Soto R, Bory F, Arroyo V, Piera C,
Rodes J. Reticulo-endothelial system phagocytic
activity in cirrhosis and its relation to bacterial
infections and prognosis. Hepatology. 1984;4:53-
58.

Chiva M, Guarner C, Peralta C, Llovet T, Gomez
G, Soriano G, Balanzo J.Intestinal mucosal
oxidative damage and bacterial translocation in
cirrhotic rats. Eur J Gastroenterol Hepatol.
2003;15:145-150.

87




