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ETIOLOGICAL DIAGNOSIS
OF MENINGOCOCCAL
MENINGITIS AND
SEROGROUP TYPING OF
NEISSERIA MENINGITIDIS
BY REAL-TIME PCR IN
BULGARIA

V. Levterova, I. Simeonovski,
A. Kurchatova, S. Panaiotov,
1. Philipova, T. Kantardjiev

National Centre of Infectious and Parasitic Diseases
(NCIPD), Sofia — 1504, Bulgaria

ABSTRACT

Neisseria meningitidis is a leading cause of
bacterial meningitis globally. The present
study focused on diagnosing and serotyping
of N. meningitidis in Bulgaria. We applied
adapted protocols for DNA isolation with
Chelex 100 resin from cerebospinal fluid (CSF)
and diagnostic real-time PCR technique. One
hundred and thirty CSF samples, collected from
all over Bulgaria were tested for detection or
confirmation the etiology of bacterial meningitis
by ctrA and sodC marker genes. N. meningitidis
accounted for 14.8% of the meningitis cases in
Bulgaria. N. meningitidis was confirmed in 42%
of patients over 20 years of age. We targeted
sacB, synD, synE, xcbB, and synF marker
genes for A, B, C, W135, X, and Y serogroup
typing by real-time PCR. Serogroups B and C
were predominant, accounting for 74% and 19%
of the isolates, respectively. Our results confirm
that in Bulgaria serogroups B and C are major
causes of invasive meningococcal disease,
in agreement with data from other European
countries. The real-time PCR technique is
useful for confirmation of isolates and detection
of meningococci in clinical samples, regardless
of the encapsulation status.

Keywords: Neisseria meningitidis, meningitis,
real-time PCR diagnosis, genotyping, serotyping.
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INTRODUCTION

Meningitis is inflammation of the meninges.
Meningitis infection is most commonly caused
by bacteria, viruses or fungi. The etiology
of bacterial meningitis is various, but most
often associated with Neisseria meningitidis,
Haemophilus influenzae or Streptococcus
pneumoniae. The most serious and difficult to
treat type of meningitis tends to be caused by
N. meningitidis. The annual number of invasive
meningitis cases worldwide is estimated to be at
least 1.2 million, with 135 000 deaths related to
N. meningitidis (1).

Invasive meningococcal disease (IMD) is rare
in Europe with notification rate of 0.68 cases
per 100 000 population in 2012 (2). Bulgaria
reports low endemic rates of meningitis. The
incidence of IMD in Bulgaria ranges between
0.2 — 1.1 cases per 100 000 of population during
2000-2015 (3, 4). The incidence rate does not
vary significantly over time and is retained at
a constant level in the last years. Data on IMD
are obtained from annual analyses of infectious
diseases prepared by the National Centre of
Infectious and Parasitic Diseases (NCIPD)
and published on the web page of the centre:
(http://ncipd.org/index.php?option=com_
docman&view=list&slug=analizi-na-zaraznite-za
bolyavaniya&ltemid=1127&lang=bg).
Vaccination against meningitis in Bulgaria is
not compulsory. Nimenrix (GlaxoSmithKline
Biologicals S.A., Belgium) is the only registered
vaccine in Bulgaria and it is not effective against
N. meningitidis serogroup B strains.

The etiological agent N. meningitidis is a Gram-
negative diplococcus. Meningococci colonise
the mucous membrane of the nasopharynx.
Frequently the colonisation is asymptomatic and
occurs in approximately 10 % of the population
(5). In winter season meningococcal meningitis
is predominant (6). In 10% of the cases,
meningitis can be potentially fatal. Meningitis is
more often encountered among neonates and
children. Symptoms in neonatal meningitis are
associated with respiratory distress, hyper- or
hypotonia, irritability, poor feeding, increased
tonus. In children and adults the most common
clinical characteristics of bacterial meningitis are
associated with fever, vomiting, altered mental
status, neck stiffness, seizures, focal neurological
deficit, rash. The clinical manifestations could
be accompanied by pareses of cranial nerves
— depending on localisation of the inflammatory
exudate. Approximately one third to one half
of the people who survived after the infection,
remain with permanent health consequences (7).
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Manifestations of these sequelae mightbe hearing
loss, chronic fatigue or insomnia, neurological
problems, as well as loss of parts of skin and
sometimes of extremities due to limited blood
circulation to these tissues (7, 8). Often symptoms
in children and adults are non-specific. Therefore
absence of classical clinical symptoms should
not exclude possible meningitis. In all children
and adults suspected of bacterial meningitis,
cerebrospinal fluid (CSF) examination is strongly
recommended. The results from the CSF
examination in suspected cases of meningitis
should indicate higher CSF leukocyte count,
lower CSF glucose concentration, lower CSF/
blood glucose ratio and higher total CSF protein
content. The microbiological diagnosis includes
blood and CSF cultures, analysis of CSF by
Gram staining, latex agglutination to determine
serogroups, immunochromatographic antigen
testing, and PCR (9, 10). CSF culture is positive
in 60-77% of the samples. Pre-treatment with
antibiotics decreases positivity of the results with
10-20% (11). Latex agglutination testing has little
incremental value in the diagnosis of bacterial
meningitis. It has high risk (54%) of false-positive
results (12). Nucleic acids (NA) amplification
techniques are usefull for the identification
of the pathogen in samples of negative CSF
cultures or negative CSF Gram staining (11). NA
amplification has several advantages, such as
faster detection, detection of fastidious or non-
growing microorganisms, detection of ‘killed’
bacteria when antibiotic therapy was initiated
before lumbar puncture. Specific and multiplex
PCR against common meningeal pathogens
have sensitivity >95% (13). Whole genome
sequencing (WGS) for diagnosis of meningitis is
possible but it has been applied only for specific
studies (14, 15).

Based on differences in the chemical composition
of the polysaccharide antigens of the capsule,
N.meningitidis was divided in twelve serogroups:
A B C, XY Z W135 29E, H, I, K, L. Most
frequently six serogroups are associated with
invasive meningococcal infections, namely - A,
B C, X, Y, W135 (4). Serogroups A, B, and C
are the most frequent causes of meningococcal
mengitis (16). In Europe, serogroups B and C
are major causes of invasive meningococcal
disease (3, 17). Prevalence of meningitis in
Europe varies between 0.2 and 14 cases per
100 000 cases. Most cases are due to N.
meningitidis serogroup B strains, especially in
countries where meningococcal conjugated
vaccine for serogroup C is applied (17). Recently
increase of meningococcal serogroups W and Y

was reported (18, 19). Serogroup B is determined
as leading for meningococcal disease in Thailand
and Taiwan (16). N. meningitidis serogroups A, C,
X, and Y have been identified in Asian countries
(16, 20, 21).

Rapid microbiological diagnosis is required
to identify the causative agent. At present the
fastest and most accurate microbiological
diagnosis of meningitis requires application of
molecular methods such as real-time polimerase
chain reaction (real-time PCR). The aim of our
study is to introduce molecular diagnostic and
typing methods for N. meningitidis for efficient
management of patients with meningitis in
Bulgaria.

MATERIAL AND METHODS

Written informed consent was obtained from all
patients or legal guardian upon hospitalisation
by the local hospitals. Additional ethics approval
from the NCIPD Research Ethics Committee was
not necessary because the received samples
were part of the routine reference activities
performed by the National Reference Laboratory
of Molecular Microbiology.

The criteria for testing CSF samples required
patients to comply with the definition of purulent
meningitis: leukocytosis (>100 cells/mm?3) and/
or elevated protein content (>100 mg/dl) or
reduced glucose (<40 mg/dl). The samples were
split in two portions. The first was cultured and
from the second one DNA was isolated in order
to be tested by real-time PCR.

One hundred and thirty CSF samples from
patients suspected of meningitis were tested by
real-time PCR for detection and serotyping of N.
meningitidis from January 2013 to January 2016.
Samples were collected from all over Bulgaria.
CSF samples were examined with Gram
staining. Culturing was performed on blood and
chocolate agar plates. Latex agglutination test
was performed with Pastorex Meningitis kit (Bio
Rad, USA) (10).

Genomic DNA from CSF was isolated by 5 %
Chelex 100 resin (Bio Rad, USA) and proteinase
K (Sigma, USA) in concentration 20 mg/ml. 200 pl
of the sample were placed in an Eppendorf tube
and mixed with 150 pl of 5 % Chelex 100 and
6 ul proteinase K. The tube was incubated on
dry thermal block at 56°C for 15 minuts and at
96°C for 15 minutes. Centrifugation for 5 minutes
at 14,000 rpm followed. The DNA-containing
supernatant was collected in a new tube. Isolated
DNAs were stored at -20°C.

Target genes, primer sequences, and FAM
fluorescently labeled probes applied for species
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identification and serotyping of N. meningitidis
were used as described (22) and listed in Table 1.
The volume of the real-time PCR reaction was
25 pl, containing a mix of the following: 10x
PCR Buffer (1X), MgCl, 4.5 mM, dNTP 0.2 mM,
Taqg DNA Polymerase 0.05 U/ul, (Invitrogen
Ltd, USA), primers and probes have different
optimised working concentrations as listed in
Table 1 and 2. The PCR mix was set up to 20 ul
with distilled sterile water and 5 pl of extracted
DNA were added to a final volume of 25 pl.

The PCR reaction conditions were as follows:

1 cycle at 95°C for 10 minutes, 50 cycles: 95°C
for 15 seconds, 60°C for 60 seconds. For typing
of serogroups A, B, C, X, Y, and W135 we applied
the same amplification conditions as for analysis
of sodC and ctrA genes. When interpreting the
results, if the cycle threshold value (Ct) was Ct
<35 the sample was considered positive and if
Ct >40, the sample was considered negative. If
Ct was within the range of 36 to 40 the result
was considered equivocal and the sample was
retested after dilution of the matrix DNA 1:5 and
1:10 with water, aiming to reduce any inhibitors

Table 1. Primers and probes used for detection of the bacterial meningitis pathogen N. meningitidis (22).

Primer or Real-time PCR primers and probes Working
probe stock (uM)
name and

target

CtrA F 5-TGTGTTCCGCTATACGCCATT 3.75

CtrA R 5'-GCCATATTCACACGATATACC 11.25

ctrA Pr 5'FAM-AACCTTGAGCAA“T“CCATTTATCCTGACGTTCT 1.25

sodC F 5-GCACACTTAGGTGATTTACCTGCAT 3.75

sodC R 5-CCACCCGTGTGGATCATAATAGA 7.5

sodC Pr 5'FAM-CATGATGGCACAGCAACAAATCCTGTTT 1.25

RNazeP F 5-CCAAGT GTG AGG GCT GAAAAG 4

RNazeP R TGT TGT GGC TGA TGAACT ATAAAA GG 4

RNazeP Pr 5'FAM- CCC CAG TCT CTG TCAGCACTC CCTTC 1

Table 2. Primers and probes used for detection of N. meningitidis serogroups (22).

Target Primer Real-time PCR primers and probes Working Final Conc
or probe |Nucleotide sequence (5 to 39) Stock Conc | (nM)
name (uM)

Nm A F2531 5-AAAATTCAATGGGTATATCACGAAGA 3.75 300

sacB R2624 5-ATATGGTGCAAGCTGGTTTCAATAG 11.25 900
Pb2591i |5 FAM CTAAAAG*T*"AGGAAGGGCACTTTGTGGCATA |1.25 100

AT

Nm B F737 5-GCTACCCCATTTCAGATGATTTGT 3.75 300

synD R882 5-ACCAGCCGAGGGTTTATTTCTAC 3.75 300
Pb839i |5 FAM AAGAGATGGGYAACAAC“T*ATGTAATGTCTTT |1.25 100

ATTT

NmC F478 5-CCCTGAGTATGCGAAAAAAATT 11.25

synE R551 5-TGCTAATCCCGCCTGAATG 3.75
Pb495i |5 FAM TTTCAATGC'T*“AATGAATACCACCGTTTTTTT |1.25 100

GC

Nm F857 5-TATTTATGGAAGGCATGGTGTATG 1.25 100

W135

synG R964 5-TTGCCATTCCAGAAATATCACC 11.25 900
Pb907i |5 FAM AAATATGGAGCGAATGATTACAGTAACTATAAT |2.5 200

GAA

Nm X F173 5-TGTCCCCAACCGTTTATTGG 11.25 900

xcbB R237 TGCTGCTATCATAGCCGCC 11.25 900
Pb196 5'FAM 5-TGTTTGCCCACATGAATGGCGG 1.25 100

NmY F787 5-TCCGAGCAGGAAATTTATGAGAATAC 11.25 900

synF R929 5-TTGCTAAAATCATTCGCTCCATAT 7.5 600
Pb1099i |5 FAM TATGGTG*T*ACGATATCCCTATCCTTGCCTAT |1.25 100

AAT
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that might interfere with the reaction. After dilution
of the matrix DNA, if Ct values declined to Ct <35
the sample was considered positive. Real-time
PCR was perfromed with apparatus LightCycler®
480 Instrument |l (Roche Diagnostics GmbH,
Germany).

RESULTS AND DISCUSSION

From January 2013 to January 2016 we tested
130 CSF samples. Eleven cases were confirmed
in 2013 and in 2014, as well as 9 cases in 2015.
Thirty-one samples (23.8%) were positive for N.
meningitidis. Of the tested samples, 20% (n=26)
were with positive microscopy for meningococci,
15.3% (n=20) were culture-positive, 14.6% (n=19)
were positive with latex agglutination, and 23.8%
(n=31) were N. meningitidis-positive by real-
time PCR. N. meningitidis accounted for 14.8%
(n=31/130) of the meningitis cases in Bulgaria.
The remaining 99 (75.2%) cases of meningitis
were caused by other etiological agents.

The samples were from patients aged from 2
months to 83 years. N. meningitidis was confirmed
in 42% of the patients over 20 years of age.
Vaccination against meningococcal infection is not
compulsory in Bulgaria and logically an increasing
trend among children should be expected. Among
the different age groups 16% (5/31), 13% (4/31),
and 16% (5/31) were IMD cases among age
groups 1-4, 5-9, and 10-19 years, respectively
(Fig. 1). Contrary to our results, in the EU region
infants younger than one year of age are at highest
risk of meningococcal infection (2).

Figure 1. Number of identified IMD cases by
year and age group.

The bacterial load in the CSF samples varies
from 3x10" to 4x10° CFU/ml (23, 24). Real-
time PCR has proven to detect the presence
of meningococcal infection in a range of 8 to
50 meningococcal genomes per reaction (23)
and results are obtained within 2.5 to 3 hours.
In our study we applied real-time PCR tests by
targeting two genes - ctrA and sodC. By applying
10X dilution series of N. meningitidis pure culture
we compared the sensitivity of culture versus
the DNA extraction protocol used and real-time
PCR. Our results confirm that both real-time

PCR methods for cfrA and sodC markers detect
less than 20 genomes (data not shown). Unlike
culture methods, the PCR technique does not
require viable bacteria. Also, real-time PCR is
more sensitive than culture.

The marker gene ctrA is highly conserved in N.
meningitidis and acts as a transport protein in
the capsule (22). This marker is located within
the capsule locus. However, in approximately
16% of meningococci intact ctrA gene is missing,
thus rendering this marker gene ineffective for
identification of strains lacking ctrA marker (25).
Bearing in mind the fact that ctrA is not present in
allisolates (26, 27), it is appropriate to use this gene
in combination with the target gene sodC. Recently
there were reports on false-negative results with
ctrA-based real-time PCR due to variations in the
ctrA sequence (28). sodC encodes superoxide
dismutase which is not genetically linked to the
capsule locus and allows identification of N.
meningitidis without capsule. It is assumed that
sodC in N. meningitidis is obtained via horizontal
transfer from Haemophilus influenzae (29). This
marker gene is carried by all meningococci and
there are no reports on meningococci with missing
sodC. At the same time sodC is not found in
other Neisseria spp. (30, 31). sodC analysis is
intended for detection of N.meningitidis among
samples which do not contain ctrA. In all invasive
N. meningitidis sodC is present. Combined use of
both markers ctrA and sodC significantly improves
specificity and sensitivity (32).

Detection of N. meningitidis with culture is
100 % specific, but the method is limited by
low sensitivity (33) and long incubation of 24 to
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Table 3. Number of IMD cases and identified serogroups among studied age groups.

Across the EU region, the highest proportion
of serogroup C cases among 25-44-year-
olds was observed in 2012 (50). Our results
demonstrate that in 2015 serogroups B and C
had equal proportions among patients over 5
years of age. In that year, we confirmed strains
of serogroups W135 and Y for the first time.
Recent epidemiological surveillance data for
the European region indicate an increase of
serogroup Y in some EU countries, although
it is less frequent compared to serogroups B
and C (2). For a period of three years, trends
in serogroup prevalences among different age
groups are difficult to discern at national level.

CONCLUSIONS

Meningococcal meningitis requires fast and
accurate diagnosis to ensure timely treatment
with an appropriately chosen antibiotic agent. In
our study we applied real-time PCR technique
which proved to be rapid, sensitive, and specific
tool. With this method results could be obtained
whitin 3 hours after specimen collection. This is
important for prompt and correct treatment of
bacterial meningitis, especially in children.

N. meningitidis serogroups B and C are major
serotypes of invasive meningococcal disease in
Bulgaira. In 2015 we confirmed circulation of N.
meningitidis strains of serogroups W135 and Y.
In conclusion, CSF specimens that do not yeld
positive culture should be tested by sensitive
molecular methods. Real-time PCR-based
assay of cfrA and sodC marker genes is useful
for confirmation of isolates and detection of
meningococci in clinical samples, regardless of
the encapsulation status.
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ABSTRACT

In order to detect and characterise Chlamydia
trachomatis serotypes in patients from Sofia,
Bulgaria, 1124endocervicaland urethral swabs,
and first-void urine samples were collected for
cryptic plasmid PCR analysis.C. trachomatis
serotypes were identifiedby performing DNA
sequencing of the ompA gene. The phylogenetic
tree was designed by alignment of the obtained
sequences with chlamydial reference genotypes
D-K sequences available in the GenBank
database. The prevalence of C. frachomatis
was 5.87% (66/1124). DNA sequencing results
revealed the following distribution of serotypes:
E (32%), G (20%), F (12%), D (11%), K (8%), la
(7%), J, Ja, and H (4% each).

This is the first study providing information about
the distribution of C. frachomatis genotypes
among patients from Sofia, Bulgaria.
Keywords: ompA gene sequencing analysis
Molecular epidemiology, Prevalence, Serotype
distribution

INTRODUCTION
Chlamydia trachomatis continues to be the most
prevalent bacterial infectious agent causing
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70), respectively. First-void urine samples (20 to
40 ml) were collected in sterile screw-cap plastic
tubes. Urethral or endocervical specimens were
obtained using sterile Dacron swabs. All collected
specimens were directly transported to the
laboratory and processed within one hour after
collection. Diagnostic detection of C. trachomatis
in the clinical samples was performed using
AmpliSens® Chlamydia trachomatis-FRT PCR
kit (Federal Budget Institute of Science “Central
Research Institute for Epidemiology”, Moscow,
Russia) (8, 9).

DNA EXTRACTION

Genomic DNA from first-void urine, urethral
and endocervical swabs was isolated with the
Quick-DNA™ Universal Kit (Zymo Research,
United States) according to the manufacturer’s
instructions. The urine was concentrated by
centrifugation for 15 minutes at 2,000 x g prior
to extraction. The DNA samples were stored at
-79°C untilanalysis.

OmpA PCR AND DNA SEQUENCING
Amplification of an approximately 1100-bp
fragment of ompA was performed byOmpA PCR
as previously described (10). The amplification
product was visualised after electrophoresis
through 1.5% agarose gel containing GelRed™.
DNA Molecular Weight Marker was included
in each electrophoresis. The obtained ompA
fragment was purified as previously described
(11). Sufficient amounts of purified DNA (15-30
ng/ul) were mixed with 1 pl of 10 uM concentration
of each of the primers (CT1: 5-TGA ACC GAG
CCT TAT GAT CGA CGG A-3; CT2: 5-CGG
AAT TGT GAATTT ACG TGA G-3'; CT3: 5-ACT
TTG AAATCG ACC GTG TTT TG-3' and CT4:
5-GAT TGA GCG TAT TGG TTT GAA GC-3') in
separate reaction mixtures and sequenced with
the GenomelLab DTCS Quick Start Kit (Sciex,
USA). To remove the dye terminators in the
cycle sequencing reaction mixtures an improved
ethanol purification method was used as
described elsewhere (12). The reaction mixtures
were loaded onto a GenomelLabGexXP™
Genetic Analysis System (SCIEX, USA). Each
amplificated by OmpA PCR DNA fragment was
sequenced twice in each direction and this gave
an overlap of the whole ompAgene.

BLAST ANALYSIS AND ALIGNMENTS

The consensus sequences were compared
with known C. trachomatis strains using the
BLAST search tool at the National Centre for
Biotechnology Information (https://www.ncbi.

nlm.nih.gov/). The sequences were assembled
into alignments by using the reference genotypes
D-K and Chlamydia muridarumMoPn as an
outgroup.

PHYLOGENETIC ANALYSIS

Residues corresponding to flanking primers
were excluded from analysis. Sequences were
manually aligned and adjusted to reference

sequences (A/Sa1, B/IU-1226, B/TW-5, C/
W3, D/B-120, D/IC-Cal8, E/Bour, F/IC-Cal3,
G/UW57, H/UW4, 1/[UW-12, la/lU-4168, J/

UW36, Ja-lU-A795, K/UW31, L1/440, L2/434
and L3/404; accession numbers DQO064279,
AF063208, FM872308, CP016426, CP002054,
X62920, CP015302, CP010569, KM369939,
CP006678, DQ116398, HE601809, AF202457,
JN795450, AF063204, DQ231368, DQ231369
and DQ231370) as described previously (13).
The phylogenetic analysis was produced
in Geneious® 7.1.9 and was performed by
neighbour-joining method, Jukes-Cantor model,
using 100 bootstraps.

RESULTS

In total, 66 out of 1124 samples (5.87%) were
positive for C. ftrachomatis in the routine
diagnostic PCR test during the three-year period.
The gender- and age-dependent distribution of
the chlamydial urogenital infection is shown in
Fig. 1.

Approximately 1015 bp of the ompA gene were
amplified and sequence analysis was achieved in
63 (95%) out of 66 C. trachomatis-positive cases
in the studied population. The most prevalent
genotype was serotype E (32%), followed by G
(20%), F (12%), D (11%), K (8%), la (7%), J, Ja,
and H (4% each) (Fig. 2 and 3).

DISCUSSION

In this study we used ompA gene-based
sequencing of C. frachomatis to characterise all
detected cases of chlamydia urogenital infections
in Sofia, Bulgaria for a period of 3 years. When
compared with previous studies in Bulgaria,
the overall (both sexes, all age categories)
C.trachomatis prevalence in our study was
relatively lower (14-16). However, it is difficult
to interpret whetherthis is a reflection of actual
difference in chlamydia prevalence or rather of
differences in chlamydia detection methods. The
largest proportion of positive cases was among
15—24 age group, accounting for 37% of cases.
The second largest group is the age group 25-29
years, accounting for 31% of cases. Therefore
young adults aged 15-29 years account for more
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than two thirds of all cases (69%). The male-to-
female ratio was 2.88 with 17 cases detected
among women compared to 49 in men. In this
study, we also present the serotype distribution of
C. trachomatis in the studied patients. Sixty-three
C. trachomatis-positive samples were classified
by phylogenetic analysis, demonstrating the
presence of nine different serotypes: E (32%),
G (20%), F (12%), D (11%), K (8%), la (7%), J,
Ja, and H (4% each). The serotype distribution
is similar to that found in other investigations
based on monoclonal antibodies, restriction
fragment length polymorphism (RLFP), or gene
sequencing (17-20). Similar levels of E and G
prevalence were detected in European and
American studies (21, 22). Asian population,
to the contrary, is mainly F serotypic (23).
This incoherence may be caused by different
laboratory serotyping methods as well as
different C.trachomatis serotype distribution in
asymptomatic vs. symptomatic population. Three
(5%) C. trachomatis-positive cases could not be
amplified by the ompA PCR, which is comparable
with failure rates in similar studies (21). In
conclusion, this is the first study based on ompA
gene sequence analysis showing the distribution
of urogenital C. trachomatis serotypes in clinical
specimens from Sofia, Bulgaria. Relatively low C.
trachomatis prevalence, mainly restricted to E, G,
F, and D serotypes, was highest in patients under
30 years of age. However, the true incidence of
chlamydial infections in the Bulgarian population
is very likely much higher due to the asymptomatic
nature of this disease and incomplete screening
coverage. These data also support the need of a
more extensive screening for STls caused by C.
trachomatis promoting early detection, treatment
and prevention.
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ABSTRACT

High-resolution melting analysis (HRMA)
is an inexpensive, single-step, closed-tube
methodusing real-time PCR technology to
investigate DNA sequence variation. Recent
studies suggest that HRMA could be applied as a
cost-effective alternativetoompADNAsequencing
for C. trachomatis genotyping. Here we provide
the first data on the successful implementation of
HRMA for C. trachomatis genotypingin Bulgaria
directly from clinical specimen.

Keywords: High-resolution melting analysis,
Chlamydia trachomatis genotyping

INTRODUCTION

High-resolution melting analysis (HRMA) is a
relatively new technique, introduced by Wittwer
et al. in 2003 (1), which characterises thermal
denaturation of a double-stranded DNA (dsDNA) in
much more detail and with much higher information
yield than the classical melting curve analysis.
DNA samples can be discriminated according to
their sequence, length, GC content, and strand
complementarity in an extent that even a single
base change, such as SNP(single nucleotide
polymorphism),is readily identified. This technique
has been widely used in mutation detection (gene
scanning), SNP genotyping, and DNA methylation
analysis (2, 3). Over the last five years the
number of HRMA microbiological applications has
significantly expanded and it has been successfully
used in the following areas: species identification of

Vol. 44,2016, 2

microorganisms (4-6), genotyping within microbial
species (7-9), detection of genotypic variants
leading to antimicrobial resistance (10-12), and
detection of human genetic variants associated
with susceptibility to infectious diseases or
treatment response(13). High-resolution typing
methods for Chlamydia trachomatis, such as ompA
gene sequencing, multilocus sequence typing
(MLST) and whole genome sequencing (WGS),
are expensive, laborious and time-consuming
(14). Here, we have implemented HRMA for the
first time in a Bulgarian microbiological laboratory
for genotyping of C. trachomatis and applied it
specifically to the sexually transmitted infection
(STI)-related genotypes.

MATERIAL AND METHODS

Strains and clinical C. trachomatis samples
To determine the melting temperatures (Tm) and
GC content of the STl-related C. trachomatis
genotypes, eight different DNA samples
with previously established genotypes were
subjected to HRMA. The DNA samples were
selected from C. trachomatis-positive cases
at the National Reference Laboratory for STls,
Sofia, Bulgaria, and represent eight of the most
widespread urogenital genotypes (including
genotypes D-K). Another eight clinical urogenital
specimens with an unknown genotype from
Sofia, Bulgaria, 2016, previously identified by
AmpliSens® Chlamydia trachomatis-FRT PCR
kit (Federal Budget Institute of Science “Central
Research Institute for Epidemiology”, Moscow,
Russia), were used as an assay validation panel.
For confirmation of the HRMA specificity, a DNA
panel of microorganisms commonly isolated
from urogenital tract samples was selected as
follows:  Gardnerellavaginalis, Lactobacillus
spp., Escherichia coli, Staphylococcus aureus,
Streptococcus agalactiae, Candida albicans,
Mpycoplasma hominis, Ureaplasmaurealyticum,
Mycoplasma  genitalium, Neisseria flava,
Neisseria  sicca, Neisseria  gonorrhoeae,
Trichomonasvaginalis, Toxoplasma gondii, HSV
type 1 and 2, CMV, and HPV. To determine
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the Quick-DNA™ Universal Kit (Zymo Research,
United States) according to the manufacturer’s
instructions. To normalise the amount of
template DNA for HRMA, all DNA samples were
eluted in the same buffer, spectrophotometrically
quantified and adjusted to the same concentration
with elution buffer.

Design of high-resolution melting analysis

experiment
In order to obtain reliable results, HRMA was

performed with the use of a) a special DNA-
binding dye that works at high, saturating
concentrations with minimal PCR inhibition and
homogeneous staining of dsDNA (EvaGreen®,
Biotium); b) an instrument with suitable
excitation/emission wavelengths, high data
acquisition rates, and outstanding temperature
homogeneity (LightCycler® 480 Instrument II,
Roche, Switzerland); and ¢) a software algorithm
that analyses the shape of the melting curves
and groups those that are similar (LightCycler
480 Software release 1.5.1.62 SP2). HRMA
assay involved an optimised nested PCR
followed by a melting curve collected using a
fluorescent dye. The outer primers for the nested
PCR were selected to amplify two of the variable
domains, VS1 and VS2, of the ompA gene as
described elsewhere (15). The nested primers
extended the ompA conserved regions flanking
the VS2 and produced a 168-bp amplicon(16).
The first round of the nested PCR was performed
as previously described by the authors (datanot
published). The nested real-time PCR for
amplification of VS2 and HRMA was performed
on the LightCycler® 480 Il instrument (Roche,
Basel, Switzerland). A half microliter of primary
DNA product was added to Y° L of a reaction
mixture containing homemade reaction buffer
(with 2,5 mmol/L MgCl,), 0,3 mmol/L of each
deoxynucleoside triphosphate, 1,5 U of DNA
polymerase, 1,5 X EVA Green, and 750 nmol/L

of each primer. Twenty five amplification cycles
were performed, each consisting of 95°C for 30 s,
47°C for 40 s, and 72°C for 35 s with a transition
rate of 4,4°C/s. A high resolution melting curve
was acquired by melting the amplified fragment
from to 72°C to 95°C with a ramp rate of 0.02°C/s
and 25 acquisitions/°C. The experiment data
were analysed by using the LightCycler 480
Software release 1.5.1.62 SP2. The amplified
DNA was confirmed by capillary electrophoresis
(Qiaxcel, Qiagen). To confirm the sensitivity and
specificity relevant analyses were performed.

Genotype validation by ompA DNA

sequencing
To confirm the genotype identity of the validation

panel determined by HRMA, the ompA gene of
C. trachomatis was sequenced as described
elsewhere (15). The amplification products of
the eight positive specimens were purified and
bidirectionally sequenced with a Genomelab
DTCS Quick Start Kit and GenomeLabGeXP™
Genetic Analysis System (SCIEX) according to
the manufacturer’s instructions. Genotypes of
the ompA gene were analysed using Geneious®
7.1.9.

RESULTS

HRMA genotyping

Eight different C. trachomatis genotypes (D-
K) were amplified by the nested real-time
PCR on LightCycler® 480. Amplification plots
with a crossing point (Cp) values less than 25
cycles were produced and the amplified DNA
was confirmed by agarose gel electrophoresis.
Eight melting curves were obtained by melt
curve genotyping analysis. Genotypes D, E,
F, and G had clearly distinguishable melting
peaks and could be differentiated through direct
visualisation; H, I, J, and K had somehow similar
melting peaks, but correct interpretation could be
achievedwith reliable software (Table 1).

Table 1.Sequence analysis, GC content, and melting temperature (Tm) of the eight STl-related C.

trachomatisgenotypes.
Sample No. Source ompAgene DNA GC content (%) Tm (°C)
sequencing
396i Urethra Genotype D 41.21 82.01
269i Cervix Genotype E 41.46 82.25
218i Urine Genotype F 4512 84.47
338i Urine Genotype G 46.95 85.34
148i Vagina Genotype H 42.51 82.97
373i Urine Genotype | 43.71 82.55
072i Urine Genotype J 43.11 84.03
255i Urine Genotype K 43.71 83.55
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Figure 1. Eight melting curves were obtained by HRMA from C. trachomatis-positive cases from
Sofia, Bulgaria, 2016. Four unique melting patterns were defined that corresponded to genotypes E,

F, G, and I.

All eight C. trachomatis-positive samples from
the validation panel, that were genotyped by the
nested real-time PCR followed by HRMA, were
discriminated correctly (Fig. 2) in accordance with
the ompAsequencing genotyping. The sequencing
and HRMA results are presented in Table 2.

Sensitivity and specificity analysis
The analytical specificity of nested real-time

PCR was established by amplifying all eight
STl-related genotypes of C. trachomatis without
any cross-reaction with human DNA as well as
DNA panel of the most common microorganisms
isolated from urogenital tract samples. The
performed sensitivity analysis with serially
diluted C. trachomatis reference strain serotype
D showed a detection limit of 500 GE/ml. The
dilutions run using the routine diagnostic method
also showed a detection limit of 500 GE/ml (data
not shown).

Table 2.Clinical specimens genotyped by
ompAsequencingand HRMAfrom C. trachomatis-
positive cases in Sofia, Bulgaria, 2016.

Method

F |G [E ]I Total

Whole ompAgene (2 |2 |3 1 8
DNA sequencing

HRMA 2 12 |13 |1 8

DISCUSSION

Anumber of molecular methods for genotyping C.
trachomatis have been developed based on the
use of restriction fragment length polymorphism
(RLFP), ompAgene sequencing, multiple-locus
variable number of tandem repeats (VNTR)
analysis (MLVA), multilocus sequence typing

(MLST), and whole genome sequencing (17-21).
However, all these methods are expensive and
require post-PCR analysis which is laborious,
time-consuming, and prone to contamination.
With advances in DNA saturating fluorescent
dyes, precise instruments and software, HRMA
has shown to be a robust, cost-effective,
sensitive, and simple closed-tube approach for
DNA variation analysis. We have confirmed that
at least eight urogenital C. trachomatisgenotypes
can be readily differentiated by HRMA. In the
validation panel HRMA successfully genotyped
C. trachomatis-positive samples detected by
AmpliSens® Chlamydia trachomatis-FRT PCR
kit and the results were in accordance with the
ompA sequencing data.

Sensitivity is crucial to any genotyping method
in molecular epidemiologic studies especially
those applied directly to clinical samples (22-25).
The sensitivity of HRMA has been improved by
implementing a nested real-time PCR approach
as ompA is presented in a single genome copy.
The detection limit of HRMA method was 500
GE/ml, which is equivalent to the detection limit
of AmpliSens® Chlamydia trachomatis-FRT
PCR kit.

Probably the main limitation of C. trachomatis
genotyping by HRMA is that some genotypes
have only minor nucleotide variations and
could produce very similar melting profiles,
which require DNA sequencing for confirmation.
Nevertheless, the higher information yield for
minimal effort with HRMA could significantly
reduce the burden of expensive molecular typing
methods such as DNA sequencing.
Unfortunately, genotypes A, B, C, and L1-
L3 were unavailable for our study. Although
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genotypes A-C (responsible for trachoma and
preventable blindness) are rarely isolated from
urogenital samples, genotypes L1-L3 are the
cause of lymphogranulomavenereum (LGV),
a disease with increasing clinical significance
(26). Following in-silico analysis of the L1-L3
DNA sequences available in GenBank, it was
established that HRMA also has the capacity to
discriminate these genotypes. Therefore, further
studies are needed to determine whether HRMA
can differentiate LGV C. trachomatis genotypes.
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ABSTRACT

Infections caused by fungi have increased
during the last decades mainly due to the
increasing population of immunocompromised
patients. Therefore, the number of medically
important yeast species, not covered by
conventional identification kits, and human
infections associated with moulds that are
difficult to identify with classical methods, also
increased. These issues created the necessity
for rapid and robust molecular identification
techniques. We have recently implemented
successfully ITS sequencing at the National
Reference Mycology Laboratory in Sofia,
Bulgaria as a rapid and accurate method to
facilitate conventional identification of medically
important fungi.
Keywords: Fungal
sequencing, ITS region

identification, DNA

INTRODUCTION

In recent decades, advances in medicine have
led to increase in the number of infections
by pathogenic fungi (1, 2). This is mainly due
to expansion of life expectancy of selected
patient populations, particularly those with a
compromised immune system - transplant
recipients, cancer patients, individuals receiving
immunosuppressive therapy, etc. (3). Delays in
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diagnosis are associated with high mortality and
severe organ dysfunction, such as respiratory
failure  (chronic pulmonary aspergillosis),
neurologic deficits (cryptococcosis), blindness
and visual impairment (fungal keratitis) (4,
5). There is a growing need for a rapid and
accurate identification of pathogens for better
understanding, control, and treatment of these
diseases. Morphological and biochemical
identification methods are time-consuming,
require well-trained experts and lack sufficient
specificity (6). Alternatively, molecular methods
such as DNA sequencing of suitable molecular
targets offer a powerful and easy tool for rapid
identification.

The aim of this study was the evaluation of
morphological, biochemical, and molecular
methods for the identification of medically
important fungi.

MATERIAL AND METHODS

For the purpose of this study a total of twenty-
five yeast and mould isolates were selected as
a validation panel: seven reference strains from
international collections (ATCC — American Type
Culture Collection, Manassas, VA, USA; CNM-
CL: Yeast collection of the Spanish National
Centre of Microbiology; CNM-CM: Spanish
National Centre for Microbiology, Filamentous
Fungi Culture Collection) and eighteen control
strains from INSTAND External Quality
Assessment Program 2015-2016.

From January to September 2016, fourteen
mould isolates received for confirmation at
the National Reference Mycology Laboratory
in Sofia, Bulgaria failed to identify to species
level with conventional identification methods
and consequently they were subjected to
ITS sequence analysis. Criteria for referral
included clinical relevance which was defined
as detection of medically important fungi
from primarily sterile specimen sites and
from nonsterile specimen sites with positive
direct microscopy and/or clinical evidence of
infection.

The identification of medically important fungi
using conventional identification methods
included determination of key characteristics
such as growth rate, colony and microscopic
morphology (7-9). Biochemical identification
of the yeasts was performed by commercially
available miniaturised identification systems
(API 20C Aux (bioMerieux) and Auxacolor yeast
identification system (Bio-Rad Laboratories))
and by automated identification system (VITEK
ID-YST card by the VITEK 2 system) (9).
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Figure 1. Schematic diagram of the fungal rDNA
genes. The 18S, 5.8S and 28S rDNA genes are
separated by the two internal transcribed spacers
ITS1 and ITS2. The 28S and 5S rDNA genes are
separated by the intergenic spacer 1 (IGS1). The
intergenic spacer 2 (IGS2) separates the rDNA
repeat units from each other (reprinted with
permission from http://www.mycology.adelaide.
edu.au/).

Molecular identification methods involved
isolating and purifying genomic DNA by
commercially available yeast DNA purification kit
(Epicentre® - an lllumina company), amplification
and sequencing of the Internal Transcribed
Spacer regions (ITS1-5.8S-ITS2) of the fungal
rDNA genes (Fig.1). The sizes of complete ITS
sequences varied in different species and were
between 285 and 791 bp (10). Data analysis
was performed by comparison of the obtained

sequences with quality-controlled ISHAM-ITS
reference database. The correct ID was assigned
at query rate more than 98.8% identity.

RESULTS

Morphological methods for identification allowed
the yeasts to be identified to yeast level, the
moulds could be identified to genus level, and
in case of dermatophytes identification could
be carried out to species level. Commercial
biochemical systems identified the yeasts to
species level but they were inapplicable to
moulds and dermatophytes.

DNA sequencing of the ITS region could
identify all the pathogenic fungi to species level
(Supplement 1).

Eleven (78.5%) of the 14 isolates that have
failed species identification using conventional
methods, were successfully identified by ITS
sequence analysis. Most of these isolates
(64.2%) were assigned to species level. Genus
level assignment was achieved for 14.3%;
inability to differentiate at species level for these
isolates was mostly due to high interspecies
homology of the genera involved. Two (14.2%)
could not be identified by sequencing because
matching ITS reference sequences for these
were lacking in the database and 1 (7.1%) failed
to yield an ITS amplicon (Table 1.)

Table 1. Identification of fungal isolates referred for confirmation to the National Reference Laboratory

from January to September 2016.

1aentim

us sp

spergillus

MITS3048

Sputum Aspergi
fumigatus
4 BAL Aspergillus sp Aspergillus niger MITS284 99,6%
5 BAL Aspergillus sp Aspergillus MITS262 100%
nidulans
6 Nasal swab  Aspergillus sp Aspergillus nomius MITS289 100%
Aspergillus flavus MITS2805 98.8%
7 BAL Penicillium sp Penicillium MITS2117 100%
decumbens
8 Feces Penicillium sp No taxonomic assignment
9 Sputum Penicillium sp Penicillium MITS3232 99,1%
spinulosum
10 BAL Penicillium sp Penicillium MITS2115 99.1%
decumbens
11 Skin lesion Unidentified Unsuccessful amplification
12 BAL Aspergillus sp Aspergillus nomius MITS3050 100%
Aspergillus MITS112 98.9%
bombycis
13 BAL Aspergiflus sp Aspergifius MITS179 100%
fumigatus
14 Nasal swab  Aspergilius sp No taxonomic assignment
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Supplement 1. |Identification level of the reference (ATCC, CNM-CL and CNM-CM) and control
(INSTAND EQA, 2015-2016) fungal strains by morphological, biochemical, and molecular methods.

Fungal culture Strain Source Morphology API120C | Auxacolor | VITEK2 | Molecular
Aux method
Candida krusei ATCC Yeast level Species | Species Species | Species
6258 level level level level
Candida ATCC Yeast level Species | Species Species | Species
parapsilosis 22019 level level level level
Candida albicans | CNM-CL Yeast level Species | Species Species | Species
F8555 level level level level
Candida krusei CNM- Yeast level Species | Species Species | Species
CL-3403 level level level level
Aspergillus ATCC Genus level - - - Species
fumigatus 204305 level
Aspergillus ATCC Genus level - - - Species
flavus 204304 level
Aspergillus CNM- Genus level - - - Species
flavus CM-1813 level
Candida kefyr INSTAND Yeast level Species | Species Species | Species
EQA, 2015 level level level level
Trichosporon INSTAND Genus level Species | Species Species | Species
inkin EQA, 2015 level level level level
Exophiala INSTAND Genus level - - - Species
dermatitidis EQA, 2015 level
Sarocladium INSTAND Genus level - - - Species
kiliense EQA, 2015 level
Madurella INSTAND Genus level - - - Species
mycetomatis EQA, 2015 level
Arthroderma INSTAND Species level - - - Species
benhamiae EQA, 2015 level
Microsporum INSTAND Species level - - - Species
canis EQA, 2015 level
Trichophyton INSTAND Species level | - - - Species
tonsurans EQA, 2015 level
Microsporum INSTAND Species level - - - Species
gypseum EQA, 2015 level
Aspergillus INSTAND Genus level - - - Species
tamarii EQA, 2016 level
Candida INSTAND Yeast level Genus Genus Genus Species
orthopsilosis EQA, 2016 level level level level
Curvularia lunata INSTAND Genus level - - - Species
EQA, 2016 level
Candida INSTAND Yeast level Genus Genus Genus Species
pararugosa EQA, 2016 level level level level
Candida INSTAND Yeast level Genus Genus Genus Species
sinolaborantium EQA, 2016 level level level level
Trichophyton INSTAND Genus level - - - Species
violaceum EQA, 2016 level
Microsporum INSTAND Species level - - - Species
gypseum EQA, 2016 level
Scopulariopsis INSTAND Genus level - - - Species
brevicaulis EQA, 2016 level
Candida albicans INSTAND Yeast level Species | Species Species | Species
EQA, 2016 level level level level
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DISCUSSION

ITS sequence analysis proved to be a reliable
identification tool. Within the study period, all of the
reference and external quality control fungal strains
and most of the difficult to identify isolates were
successfully determined to species level with ITS
region sequencing. Therefore, the identification rate
at the Reference Laboratory was clearly enhanced
and this represents an excellent complement
to the longtime effort to improve the etiological
diagnosis and treatment of mycoses in Bulgaria
(11-16). Internal Transcribed Spacer regions (ITS1-
5.8S-ITS2) were selected as a molecular target
because are easily amplified with universal primers
that are compatible with most fungal species.
ITS have been adopted as the official standard
barcoding region for fungi as they have shown
largely sufficient genetic variability for identification
at interspecies level (17). However, the use of
molecular identification of medically important
fungi is still limited by incomplete quality-controlled
reference databases (10) and the evolving
recognition and definition of new fungal species/
complexes (18). Yet, because the ITS regions of
some fungal genera (such as Aspergillus) are not
polymorphic enough, a secondary identification
marker is needed to identify a given species with
confidence (19). Therefore, we recommend a
polyphasic identification approach to pathogenic
fungi with the use of combined morphological,
biochemical, and molecular methods.
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ABSTRACT

The study revealed current trends in incidence,
epidemiology, clinical symptoms, circulating
Leptospira serogroups, mode of transmission,
and source of infection in laboratory confirmed
human leptospirosis cases in Bulgaria between
2010 and 2014. Serogroup Icterohaemorrhagiae
had the leading role in aetiological structure in
2010-2013 and serogroup Sejroe was the most
common in 2014. Following heavy rainfall and
floods in 2014, 5-time increase in leptospirosis
cases was observed in comparison with 2013.
Water was found as the main source of infection.
Leptospirosis in Bulgaria, located in temperate
climate region of southeastern Europe, is
endemic with low incidence but significant case
fatality rate. General understanding of specific
relations between aetiology, epidemiology and
clinical manifestations of leptospirosis would help
in prevention and management of the disease.
Key words: Leptospira serogroup, leptospirosis,
epidemiology, clinical manifestation.

INTRODUCTION

Leptospirosis is a worldwide distributed zoonotic
disease that affects humans. Human leptospirosis
is identified as an emerging infectious disease
in many countries (1). Infection is endemic
and occurs more frequently in warm-climate
countries than in temperate regions because of
longer survival of Leptospira spirochetes in warm
humid environment.

Various species of wild and domestic animals serve
as maintenance hosts. Humans are accidental
hosts of the infection. While in maintenance hosts
infection is spread by direct contact, humans can
be infected by direct contact with urine or tissues
of infected animal or indirectly with contaminated
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water (2). Clinical symptoms vary from mild to
severe and two clinical forms can be distinguished:
icteric (Weil's disease) and milder anicteric form.
Icteric leptospirosis is a severe febrile illness
often associated with multiple organ failure and
fatality rate is up to 30%; anicteric leptospirosis
usually presents as unspecific febrile disease with
myalgia and abdominal pain (2).

Human cases of leptospirosis in Bulgaria have
been reported since 1952 (3). Analysis of all
confirmed cases for 13-year period, 1989-2001,
revealed overall incidence of 0.42/100.000
population and overall case fatality rate of
6.6% (3). Mode of transmission was more
often recreational exposure (mostly fishing)
than occupational exposure (mostly livestock
farming). In the late 1990s, serogroup Pomona
lost its leading role in aetiology of human
leptospirosis in Bulgaria, most probably due to
veterinary control measures, while serogroup
Icterohaemorrhagiae increased its proportion,
causing 56% of the reported cases (3).

The present study was intended to describe
current trends in incidence, epidemiology, clinical
symptoms, circulating Leptospira serogroups,
mode of transmission, and source of infection
in laboratory confirmed human leptospirosis
cases in Bulgaria between 2010 and 2014. In
addition, association of flooding with emergence
of leptospirosis and with infecting serogroups was
analyzed.

METHODS

Epidemiological Data

This study was based on all reported laboratory
confirmed cases of human leptospirosis in Bulgaria
for 5 years, from 2010 to 2014. Confirmed case of
leptospirosis was a patient with clinical evidence
of leptospirosis and laboratory confirmation of
infection. All cases were laboratory confirmed in
the National reference laboratory for leptospirosis,
National Center of Infectious and Parasitic
Diseases, Sofia, Bulgaria.

Patients with confirmed leptospirosis were
analyzed using questionnaires that included
data such as age, sex, location, month of
onset, data from epidemiological investigation
concerning possible source of infection and
mode of transmission as well as symptoms of
clinical manifestation of the disease evaluated
by infectious diseases specialists.

Microscopic agglutination test

Microscopic agglutination test (MAT) was used
for laboratory confirmation of the disease and for
identification of the infecting Leptospira serovar
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as a reference method for serological diagnosis.
Suspensions of live serovars from 9 different
Leptospira serogroups known to circulate in
Bulgaria were used as antigens: serogroup
Australis (serovar Bratislava Jez Bratislava);
Autumnalis (serovar Nikolaevo); Ballum (serovar
Ballum); Bataviae (serovar Bataviae van Tienen);
Canicola (serovar Canicola); Icterohaemorrhegiae
(serovar Copenhageni); Pomona (serovar
Pomona); Sejroe (serovar Sejroe); Tarassovi
(serovar Tarassovi Perepelicin) and Semaranga
(serovar Patoc). Serum samples were tested first
at 1:100 dilution and positive sera were further
examined for reactivity to the detected Leptospira
serovar at 2-fold dilutions starting with 1:100. The
end point titer was the highest dilution of serum at
which 50% agglutination occurred. In the current
Bulgarian case definition, a titer ® 400 is used for
laboratory confirmation. All patients had titers of
agglutinins above 400, in some cases as higher
as above 12,800.

RESULTS

Occurrence of leptospirosis in Bulgaria

A total of 68 laboratory confirmed leptospirosis
cases were registered in Bulgaria from 2010 to
2014 (12 cases in 2010, 10 in 2011, 10 in 2012,
6 in 2013 and 30 in 2014). Average annual
incidence of the disease was 0.19/100,000
population (range 0.08-0.42/100,000).

Analysis of case distribution according to sex
showed high predominance of male patients
(83%) over female (17%). The most affected age
groups were 40-49 years (24.6%), 50-59 years
(23.1%) and 60-69 years (24.6%), and then 30-
39 years (13.8%).

An overall case fatality rate was 8.8 % (6
patients). Aetiological agent in all fatal cases was
serogroup Icterohaemorrhagiae and acute renal
failure was proposed as the cause of death.

Leptospira serogroups in aetiology
Serovars belonging to 7 different serogroups
caused infection during the 5-year study period

(Table.1). Serogroup Icterohaemorrhagiae had
the leading role in aetiological structure in 2010-
2013. However, in 2014 Sejroe was the most
commonly detected serogroup.

Overall proportion of serogroup
Icterohaemorrhagiae was 33.8% (23/68 cases)
and overall proportion of serogroups Sejroe and
Pomona was 25% (17/68 cases caused by each
serogroup) for the whole study period (Table
2). Serogroups Tarassovi and Australis were
less common, causing a total of 5 and 3 cases
resp. (incidence 7.4% and 4.4% resp.). In fact,
all cases caused by serogroup Tarassovi were
detected in 2014. Serogroups Autumnalis and
Bataviae were extremely rare (2/68 and 1/68),
giving proportions of 2.9% and 1.5% resp.
Monthly distribution of leptospirosis cases
showed that most of the cases appeared
in summer and fall with a peak incidence in
August-September-October (Table 2). However,
leptospirosis patients were detected throughout
the year. Serogroup Icterohaemorrhagiae was
found from May to December, serogroup Pomona
— from January to October and serogroup Sejroe
— throughout the year. Serogroup Tarassovi was
recorded mostly in August (4 of 5 cases) and
only in 2014 after the heavy floods in Central
Bulgaria.

Analysis of the rainfall and number of
leptospirosis cases showed correlation in 4
flooded districts (Table 3). In the district of Vratsa,
only one leptospirosis case was registered in
2010 and none in 2011-2013. However, following
excessive rainfall in September 2014, two cases
appeared in September and October 2014. In the
district of Gabrovo, there were no leptospirosis
cases in 2010-2013, but in 2014 six cases were
registered. Excessive flooding in September led
to two cases — one in September and one in
October. The rainfall caused repeatedly flooding
in 2014 and leptospirosis cases appeared for the
first time in the district. In the district of Lovech,
excessive rainfalls in July and September 2014
flooded large areas and led to manifestation

Table 1. Proportions of Leptospira serogroups in aetiological structure of human leptospirosis in

Bulgaria, 2010-2014

Year Leptospira serogroups
number of cases/total cases per year (%)

Icterohaemorrhagiae | Pomona Sejroe Tarassovi Autumnalis | Australis Bataviae
2010 5112 (42%) 512 (42%) 2112 (17%)
2011 4/10 (40%) 3110 (30%) 1/10 (10%) 1/10 (10%) 1110 (10%)
2012 6/10 (60%) 3/10 (30%) 1/10 (10%)
2013 316 (50%) 316 (50%)
2014 4/30 (13%) 8/30 (27%) 11/30 (37%) 5/30 (17%) 1/30 (3%) 1/30 (3%)
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Table 2. Distribution of Leptospira serogroups causing human infections in Bulgaria by months,

2010-2014

Leptospira serogroups | Janu- | Febru- March | April | May | June | July Au- | Sep- |Octo-|Novem-|Decem- Total
(number of cases) ary ary gust | tember | ber ber ber

Sejroe 1 1 2 3 3 1 17
Icterohaemorrhagiae 2 6 5 4 1 1 23
Pomona 1 1 2 5 6 17
Tarassovi 4 1 5

Autumnalis 1 1

Bataviae 1 1

Australis 1 1

Total 2 1 1 3 5 8 14 13 16 2 3 68

of four leptospirosis cases in August-October.
Finally, higher rainfall in June 2014 in the district
of Dobrich was followed by clinical manifestation
of leptospirosis in two patients, while none cases
appeared in the previous years (Table 3).

Epidemiological data

Information on possible mode of transmission
and source of infection was available for 56
(82.4%) of the patients with leptospirosis.
Analysis of the data about possible mode of
transmission showed that infection was acquired
1) mainly through occupational exposure: 24
(42.9%) cases, mostly livestock farming — 15
(26.8%), slaughtering, agriculture, and working
in forests — a total of 6 (10.7%); 2) less frequently
by recreational exposure: 17 (30.4%) patients,
mostly fishing — 9 (16.1%) and bathing — 5
(8.9%); and 3) accidentally, related to flooding -
10 (17.9%) (Table 4).

Analysis of possible source of infection revealed
that water was the main risk factor to contract
leptospirosis during 2010-2014 — 20/56 (35.7%)
cases (Table 4). Thirteen (23.2%) patients
were infected through direct or indirect contact
with rodents. Overall, flood mud was the third
common source of infection — for 9 (16.1%)
cases, all of them in 2014 (9/30 — 30% of the
cases in 2014). Contact with domestic animals
(cattle and pigs) caused infection in 10 (17.9%)
patients.

Twenty (35.7%) of the patients were exposed to
several risk factors — livestock farming, presence
of rodents in houses and/or working places,
consumption of food contaminated with rodent
excreta, etc.

Clinical data

Clinical manifestation data were available forall 56
patients with analyzed epidemiological data. The
most commonly observed symptoms were: fever

(n=50, 89.3% patients), diffuse myalgia (n=42,
75.0%), oliguria (n=39, 69.6%), jaundice (n=38,
67.9%), nausea (n=37, 66.1%), hepatomegaly
(n=35, 62.5%), and headache (n=34, 60.7%).
The disease was often presented by abdominal
pain, arthralgia, vomiting, conjunctival suffusion,
diarrhea, and splenomegaly. Rarely, the disease
manifested as meningitis, rash, and pneumonia
(Fig. 1). Anicteric cases (n=18, 32.1%) had
milder flu-like course, while all icteric cases
manifested as severe diseases, meaning that
clinical jaundice is an important predictive
marker. Acute renal failure as complication of the
disease appeared in 6 (10.7%) patients, all of
them with jaundice, and was the main cause of
death in lethal cases.

fever

myalgia
oliguria
Jjaundice
nausea
hepatomegaly
headache
abdominal pain
arthralgia
vomiting
conjunctival suffusion
diarrhea
splenomegaly
meningitis

rash

pneumonia

Fig. 1. Clinical manifestations of leptospirosis in
Bulgaria, 2010-2014

DISCUSSION

Human leptospirosis is officially notified infection
in Bulgaria. In this study, all clinically and
laboratory confirmed leptospirosis cases in
Bulgaria for 5 years were analyzed.

Between 2010 and 2014, an average of 13
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Table 3. Rainfall (L/m?) and number of leptospirosis cases in the 4 flooded districts in 2014

Month
District Total
Rainfall / June July August  September October
Leptospira
cases
Rainfall 2010
2011 87 60 32 24 105 308
2012 62 129 16 4 53 264
2013 40 12 33 14 29 128
113 43 13 20 61 250
Rainfall 2014
Vratsa 74 114 99 189 53 529
No. cases
2010 - - 1 - - 1
2011 - - - - - 0
2012 - - - - - 0
2013 - - - - - 0
No. cases 1 - - 1 1 3
2014
Rainfall 2010
2011 132 121 26 37 77 393
2012 59 77 99 3 129 367
2013 67 16 39 28 51 201
142 83 20 18 81 344
Rainfall 2014
Gabrovo 119 123 47 191 148 628
No. cases
2010 - - - - - 0
2011 - - - - - 0
2012 - - - - - 0
2013 - - - - - 0
No. cases 1 2 1 1 1 6
2014
Rainfall 2010
2011 136 128 22 42 96 424
2012 79 104 80 5 94 362
2013 39 23 42 27 46 177
193 91 22 22 80 408
Lovech Rainfall 2014 79 151 59 215 94 598
No. cases
2010 - - - - - 0
2011 - - - - - 0
2012 - - - - - 0
2013 - - 1 - - 1
No. cases - - 1 2 1 4
2014
Rainfall 2010
2011 78 142 3 32 57 312
2012 29 55 30 9 158 281
2013 21 20 11 13 40 105
Dobrich Rainfall 2014 213 57 35 57 88 450
No. cases
2010 - - - - - 0
2011 - - - - - 0
2012 - - - - - 0
2013 - - - - - 0
No. cases - 2 - - - 2
2014
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Table 4. Probable mode of transmission and source of infection in human leptospirosis cases in

Bulgaria, 2010-2014.

Mode of transmission

Source of infection

Activities Frequency % Contact with Frequency %
Occupational exposure 24 42.9%
Water 20 35.7%
Livestock farming 15 26.8% Rodents 13 23.2%
Agriculture 2 3.6% Flood mud 9 16.1%
Slaughtering 2 3.6% Livestock 6 10.7%
Forest worker 2 3.6% Pigs 4 7.1%
Rice cultivation 1 1.8% Unknown 4 7.1%
Mine worker
Rodents in workplaces FOOOODODOOOOO OO O OOooo

confirmed leptospirosis cases were reported per
year and an overall incidence was 0.19/100,000
population. Comparing with the previous years
(3), incidence gradually declined (53 reported
cases in 1999 and only 6 cases in 2013) from
the maximum level of 0.64/100,000 in 1999 to
the minimum level of 0.08/100,000 in 2013. In
2014 however, 5-times increase in number
of leptospirosis cases was observed (total 30
cases, incidence 0.42/100,000) in comparison
with 2013. An overall case fatality rate for the
whole 5-year period was 8.8 %. Marked increase
in leptospirosis infections in 2014 was reported
from Netherlands (4) and was attributed to
the warmer weather. Germany also reported
increased incidence of leptospirosis cases
in 2014 and attributed it to a warm and humid
climate (5). In Bulgaria, we also detected similar
peak in human leptospirosis cases in 2014, which
in our case correlated well with heavy rainfall and
floods in central Bulgaria.

All 68 registered confirmed leptospirosis cases
analyzed in the study contracted disease
in Bulgaria with two exceptions of imported
leptospirosis from Greece - a rice worker and a
cowherd. A recent publication describes situation
with leptospirosis in Greece (6). In accordance
with previous investigations in Bulgaria as well
as with numerous studies from Europe and
Asia (7-11), our study showed that the disease
affected mainly men of working age. Despite
described more severe course of leptospirosis in
men (12), this could hardly be the only reason
for the much higher incidence of the disease

observed in men than in women. More factors
are likely included, such as more activities of
Bulgarian men in fishing, farming, etc., which
are at risk for contracting the disease. A report
from Mexico, however, showed no statistical
difference between male and female cases but
higher mortality in male cases (13).

Most leptospirosis cases in Bulgaria for the
last 5 years occurred in late summer and early
autumn as has been reported also from Europe,
Japan and Korea (9,11). Obviously, appropriate
combination of optimal temperature and rainfall at
this time supports efficient survival of leptospirae
in the environment. However, in Bulagria
leptospirosis cases could occur throughout year.
Our analysis showed that in the years before
(3) and after 2010, the main source of infection
continued to be water. Fishing and bathing in
lakes with stale water accounted for nearly one
third of the infections. Before 1990, the disease
was relatively common in rice workers and miners
(3). In the following years, along with radical
change of economic sector in Bulgaria, these
professions faded and now occupationally most
exposed people are livestock farmers, followed
by slaughter workers, forest workers and those
engaged with agriculture. Notably, occupational
risk was higher in breeding cattle farmers than in
breeding pig farmers.

Overall, the most common mode of transmission
now is by occupational exposure like in countries
on various continents such as Denmark, the
Netherlands, Mexico, Japan, Korea (4,10,11,13).
Now through recreational activities (fishing and
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bathing) is less likely to contract leptospirosis in
Bulgaria than is the occupational risk. Although
the mode of transmission of leptospirosis
for fishermen in Bulgaria and fish farmers in
Denmark (10) is different, the source of infection
is similar.

Contact with rodents, mainly rats, was another
common source of infection as concluded from
the results of our study. Patients reported having
rodents in their farms and country houses.
Generally, leptospirosis was contracted more
frequently through indirect contact with animal
excretions (via contaminated water, soil, or food)
and less commonly through direct contact with
animal urine or tissues.

2014 was a year with severe floods in Bulgaria,
mainly in central Bulgaria (districts of Vratsa,
Gabrovo, Lovech and Dobrich). Wading in flood
mud was the only risk factor for 9 of the 15 cases
from these districts in 2014. For comparison,
a total of only 2 cases were detected in these
districts for the previous 4 years.

Furthermore, analysis of the clinical signs and
symptoms of registered leptospirosis cases
in Bulgaria 2010-2014 showed prevalence of
the severe Weil’'s disease over flu-like forms of
the disease. The most likely explanation is that
the maijority of milder forms were not clinically
recognized. The severe form of leptospirosis was
usually accompanied by jaundice and oliguria. In
about one third of the patients acute renal failure
was established. As in the previous years, acute
renal failure was the main cause of death in
fatal cases (3). Even rare, some manifestations
of leptospirosis are important and should
not be understated - meningitis, pneumonia,
endocarditis.

Remarkable changes in aetiological structure
of leptospirosis in Bulgaria before and after
1989 were established. Before 1989, serogroup
Pomona was the main cause of leptospirosis,
causing more than half of all leptospirosis cases
and serogroup Icterohaemorrhagiae caused
nearly one fifth of the cases. In the years
preceding our study, serogroup Pomona caused
about one fifth of the cases, while serogroup
Icterohaemorrhagiae caused more than half
of the infections (3). This tendency continued
in the coming years until 2013. In 2014, the
most prevalent serogroup in the aetiological
structure was Sejroe. For the whole 5-year
study period, serogroups Icterohaemorrhagiae
and Sejroe together caused nearly 60% of the
infections. Full explanation of these changes
is difficult. Pig and cattle vaccination is a
plausible explanation of the decreasing role

of serogroup Pomona. However, increased

incidence of serogroup Icterohaemorrhagiae
revealed inadequate measures for rodent
control. Infections caused by serogroup Sejroe,
extremely rare in the years preceding this study,
became in the last 5 years the second most
common leptospirosis after infections caused by
serogroup Icterohaemorrhagiae. Furthermore,
most of the cases caused by serogroup Sejroe
and all infections caused by serogroup Tarassovi
appeared in 2014, the year with unusual heavy
floods. Icterohaemorrhagiae is the dominant
serogroup across Europe - in France, Denmark,
Ireland, the Netherlands (7,10,14,15).
Leptospirosis in Bulgaria, located in temperate
climate region of southeastern Europe, is
endemic with low incidence but significant
fatality rate. Higher rainfall and flooding most
probably increased the risk of infection with
Leptospira serogroups Sejroe and Tarassovi.
Since water appeared as the main source of
infection throughout the study and not only after
flooding, recommendations to avoid stale water
and use personal protective clothing are of great
importance. In addition, more efficient measures
for rodent control are needed since contact with
rodents was also shown to be an important
risk factor. General understanding of specific
relations between aetiology, epidemiology and
clinical manifestations of leptospirosis would help
in prevention and management of the disease.
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ABSTRACT:

Introduction: Hepatitis E is a viraldiseasewit
htheclinicalandmorphologicalcharacteristics  of
acutehepatitis.In endemic areas the disease
is a major health problem. The increase in the
number of patients with indigenous hepatitis in
developed countries also becomes an issue.
Hepatitis E clinically manifests most often with
ictericform, and subjective complaints do not
differ from those of hepatitis caused by other
hepatotropic viruses. Caroli et al. report for the
first time cholestatic form of acute viral hepatitis
in 1942. Cholestasis syndrome is observed in
all types of viral hepatitis. According to Caroli,
80% of cases of intrahepatic cholestasis are
associated with viral hepatitis B and C, and
only 20% - withotheretiologicalfactors.HBV,
HCV, CMV, EBV can cause serious cholestasis
in immunocompromised patients, as well as
transplant patients. They can develop severe
infection known as fibrosing cholestatic
hepatitis, which can progress to liver failure
if not treated.Unlike the above mentioned
viruses, enterally transmitted hepatotropic
viruses HAV and HEV can cause significant
cholestasis in immunocompetent individuals.
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The aim of thispaperis to analyse the clinical
manifestations in patients with hepatitis E and
cholestasis. Material and methods:Ninety
patients diagnosed with acute hepatitis E were
treated at the Infectious Diseases ward of the
Regional Hospital - Pazardzhik during the
period 1 January 2007 — 30 June 2016, with
the majority (83) being hospitalised between 1
January 2014 — 30 June 2016. Patients were
subjected to clinical monitoring and observing the
objective condition,combined with paraclinical
and instrumental methods of examination.
The diagnosis was confirmed at the NRL for
hepatitisviruses, National Inspectorate - Sofia,
withdetection of anti-HEV IgM andanti-HEV IgG
antibodies with ELISA methodology. Results:
Out of 90 patients with hepatitis E, 25 (27.77%)
were with signs of cholestasis. Patients with
cholestasis were aged between 40-76 years
(average 58.04). Gender distribution was 20
(80%) male patients and 5 (20%) female patients.
The average age of men was 58.75 years,
ranging from 40 to 76, and for women - 55.2,
with a range from 47 to 60 years. Of all patients
with cholestasis, 23 (92%) had comorbidities.
Subjective complaints of patients with hepatitis
E (with or without cholestasis) were not different
from those of patients with hepatitis caused by
other hepatotropic viruses. We observed the
following symptoms: astheno-adynamia - in 17
(68%), anorexia - in 13 (52%); pruritus - in 17
(68%), dyspeptic symptoms - in 7 (28%) patients.
The most common symptoms were astheno-
adynamia and itching. Patients with cholestatic
form of hepatitis E had longer hospital stay
compared to patients with other forms, with an
average length of stay of 20.8 days. In addition
to the long hospitalisation period, recovery
period was longer. Conclusion: As with other
types of viral hepatitis, cholestasis is commonly
observed in hepatitis E. Comorbidities (e.g.
diabetesmellitus, alcohol, etc.) are likely to
contribute to the development of cholestasis.
Hepatitis E with cholestasis syndrome occurred
with significant deviations in the biochemical
profile that persisted longer than usual and the
recovery period is prolonged. Development
of cholestasis is associated with prolonged
hospitalisation and treatment with greater
financial cost.

Key words: hepatitis E, cholestasis syndrome,
direct bilirubin, secretory enzymes

INTRODUCTION
Hepatitis E is a viral disease with the clinical and
morphological characteristics of acute hepatitis.
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The causative agent is the hepatitis E virus (HEV)
identified in the 80s of the 20th century. There
are more thanten genotypes and so far four of
them are known as relevant to human pathology
(1,2,3).

In endemic areas the disease is a major health
problem.The increase in the number of patients
with indigenous hepatitis in developed countries
also becomes an issue(1-7).

Hepatitis E clinically manifests most often
withicteric disease and subjective complaints do
not differ from those of hepatitis caused by other
hepatotropic viruses (8, 9).

In Bulgaria hepatitis E is described for the first
time by P. Teoharov et al. in 1995 (4). In the
following years there is anincrease in the number
of cases reported for the country (10,11,12).

The term cholestasis was first introduced by
pathologists to denote retention of bile and
formation of bile thrombi in the bile canaliculi
of hepatocytes due to inability to drain in the
intestines (13).

Cholestasis syndrome in patients with acute
viral hepatitis was first described by Eppingerin
the 30s of the 20th century, even before the
discovery of hepatotropic viruses (14).

Caroli et al. first described a cholestatic form
of acute viral hepatitis in 1942.The name
intrahepatic cholestasis was introduced into
clinical practice in 1956 and the term cholestasis
(cholestatic jaundice) - in 1968 by H. Popper
(15). Cholestasis is defined as disorder of
bile formation and drainage, resulting in
accumulation of its constituents in the liver and
blood. This is associated with characteristic
clinical, morphological, and biochemical changes
(15,16).

From a clinical perspective, cholestasis is a
clinical and biochemical syndrome, characterised
by itching, jaundice, elevated excretory enzymes
and other bile ingredients in the blood (4).

There are three basic factors in the clinical
manifestation of cholestasis:

1/ superfluous entry (regurgitation)
elements in the blood;

2/ reduced amount or absence of bile in the
intestines;

3/ impact of bile components and their toxic
metabolites on liver cells and bile ducts (11,
17,18, 19).

The main clinical and biochemical signs of
cholestasis are:

1/ Jaundice.Increased concentration  of
conjugated bilirubin is the main feature of
cholestasis. Upon resolving of cholestasis,
bilirubin may not be detected in urine, while there

of bile

still might be hyperbilirubinemia in the serum
due to the presence of deltabilirubin (13,15).It
is believed that jaundice is not an early sign of
cholestasis.

2/ Itching.lt is common in cholestasis and can
be a leading or even sole clinical manifestation.
A correlation is established between the activity
of the enzyme autotaxin (ATX) and the intensity
of itching. Apruritogenic factor, excreted with
the bile in normal conditions,is assumed to be
involved(13).Scratching is the most measurable
effect of itching.

3/Hypercholemia - increased serum
concentration of bile salts and their reduction in
the enterohepatic circulation (27).

4/ Hyperlipidemia.This is an important feature
of certain cholestatic diseases. According to a
number of authors, hyperlipidemiais associated
with increased level of cholesterol and,to a lesser
extent, with the level of triglycerides (17,19,20).
Xanthomas are the clinical expression of
hyperlipidemia.

5/ Reduced amount or absence of bile in the
intestines - clinically manifested by flatulence,
decreased appetite, intolerance to greasy food.
Steatorrheaoccurs, accompanied by diarrhoea,
dehydration, loss of electrolytes and oil-soluble
vitamins (17, 19).

Cholestasis syndrome is observed in all types
of viral hepatitis (17, 21-24).According to Caroli,
80% of cases of intrahepatic cholestasis (IHC)
are associated with viral hepatitis B and C, and
only 20% with other etiological factors (15).
Hepatitis B virus (HBV), hepatitis C virus
(HCV), cytomegalovirus (CMV), Epstein-Barr
virus (EBV) can cause serious cholestasis
in immunocompromised patients, as well as
transplant patients. Theycan develop severe
infection known as fibrosingcholestatic hepatitis,
which can progress to liver failure if not treated.
Unlike the above mentioned viruses, enterally
transmitted hepatotropic viruses hepatitis A virus
(HAV) and HEV can cause significant cholestasis
in immunocompetent individuals(22, 25).
Cholestasis syndrome associated with acute
viral hepatitis (AVH) can progress in two ways:
1/ Acute cytolytic hepatitis with cholestatic
components -cytolytic syndrome is dominant
with superimposedsymptoms of cholestasis.
They are mildly expressed.

2/ Acute viral hepatitis - cholestatic form.It is
characterised by less severe symptoms of
cytolysis and clearly pronounced cholestatic
syndrome, dominant during the disease.
According to some authors, typically this form is
problematic with a recurrent course and possible
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chronification (hepatitis C) (18, 26, 27).

In hepatitis E the cholestatic form is more common
and according to different authors varies from 10-
25% (25). There are no clear reasons reported
so far. A hypothesis suggests HEV replication to
occur not only in the cytoplasm of hepatocytes
but also in bile structures as well as extrahepatic
replication.

Regardless of the complicated course and
prolonged jaundice, the cholestatic form in
enterally transmitted hepatitis viruses does not
progress to liver failure and most patients fully
recover (22).

Aim:The aim of this report is to analyse the
clinical manifestations in patients with hepatitis
E and cholestasis.

MATERIAL AND METHODS

Ninety patients diagnosed with acute hepatitis
E were treated at the Infectious Diseases ward
of the Regional Hospital -Pazardzhik during the
period 1 January 2007 — 30 June 2016, with
the majority (83) being hospitalised between 1
January 2014 — 30 June 2016. The first patient
in Pazardzhik was diagnosed in 2007. The
distribution of patients by year was as follows:
2007-1; 2012-2; 2013-4; 2014-29; 2015-30;
2016-24. Patients were subjected to clinical
monitoring and observing the objective condition,
combined with paraclinical and instrumental
methods of examination.The diagnosis was
confirmed at the National Reference Laboratory
for hepatitis viruses, National Inspectorate -
Sofia, with detection of anti-HEV IgM and anti-
HEV IgG antibodies with ELISA methodology
(kits HEV IgM, HEV IgG DIA PRO - Milano, Italy).
Statistical methods:In processing the data SPSS
version 18 was used. Data are presented as
absolute number/percentage, as well as averages
(arithmetic mean, median) and magnitudes
measuring variance (standard deviation, span). A
comparison of the average in two related samples
was done by ttest and Wilcoxon method,
depending on the type of distribution.

RESULTS

Out of 90 patients with hepatitis E, 25 (27.77%)
were with signs of cholestasis. Patients with
cholestasis were aged between 40-76 years
(average 58.04). Gender distribution was
20 (80%) male patients and 5 (20%) female
patients. The average age of men was 58.75
years, ranging from 40 to 76, and for women -
55.2, with a range from 47 to 60 years.

Of all patients with cholestasis 23 (92%) had
comorbidities, presented in Table 1.

Table1. Comorbidities in 23 patients with
cholestasis.
Comorbidities |Number |Percentage (Male |Female
of
patients
Diabetes mellitus |12 48% 11 1
Cardiacdiseases |13 52% 12 1
Infection 7 28% 5 2
with other
hepatotropic
viruses
Alcohol abuse 12 48% 1 1
Other 5 20% 4 1
More thanone |17 68% 15 2
disease

Subjective complaints of patients with hepatitis
E (with or without cholestasis) were not different
from those of patients with hepatitis caused by
other hepatotropic viruses. We observed the
following symptoms: astheno-adynamia - in 17
(68%), anorexia - in 13 (52%); pruritus - in 17
(68%), dyspeptic symptoms - in 7 (28% )patients.
The most common symptoms were asteno-
adynamia and itching. Only 7 patients (41.2%)
had severe astheno-adynamia, lasting during the
first days, and it resolved before the onset of the
cholestasis syndrome.

The itching was in varying degree as for 5
patients it was significant even before the onset
of jaundice. At the height of disease, itching
became more pronounced also for other patients.
In all patients itching was most pronounced in
the evenings and night hours.Dyspeptic signs
were less pronounced - only 7 patients reported
nausea and vomiting and these complaints were
not leading in the clinical picture.

Upon admission 13 patients (52%) were in
satisfactory condition - hemodynamically stable,
without intoxication signs. Leading complaints
were related to their underlying diseases
(diabetes, high blood pressure).

Four patients were admitted inimpaired condition
- dyspeptic manifestations, fever, drowsiness,
and a state of diabetic ketoacidosis.

In 2 patients leading symptoms were those
characteristic of hepatitis - fatigue, lack of
appetite, aversion to food, drowsiness, epigastric
heaviness and heaviness in the right sub-costal
region, itching.

Key parameters in examining the patients were:
CBC, prothrombin index, fibrinogen, total bilirubin
with fractions, AST, ALAT, GGT,ALP, cholesterol,
triglycerides, creatinine, urea, ionogram,
proteins, albumin.
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Table2. Paraclinical parameters in patients with
cholestatic form of hepatitis E — total bilirubin

Table 4. Values of cytolytic and excretory
enzymes, n = 24,

(mmol/l), n=23. Indicators Onset Height | Following
testing
Indicators | Onset Height g:rriizglescent
ASAT UL | Median 987.73 340 80.95
Median 183.12 191.23 72.5 Min.-max. | 20-3752 | 29-901 10-216
ALAT UL | Median 1479.3 580.34 121.52
Min.-max. | 39-660 24.0-544.1 17.9-100.9 Min-max. | 66-4264 | 79-1485 | 14-326
GGTUL | Median | 9425 592.75
For all 25 patients total bilirubin was examined Min.-max. | 238-3865 | 79-3442
at fthe beglnnln_g and at the helght of disease, APHUL | Median 15645 519.62
while for 23 patients examination was done also ,
in the convalescent period.At the beginning and Min-max. | 1121480 | 126-1243

at the height of disease the value of total bilirubin
remained high, but more important was the ratio
conjugated/total bilirubin, presented in Table 3.

Table3. Ratio conjugated/total bilirubin.
Comparative testing was made in 15 patients,
n=15.

Indicators Onset Height Conva-
lescent
period

Total Median 206.86 244,37 52.53

bilirubin

Min.-max. | 54.38-660 | 24.0- 17.9-
544 1 100.9
Conjugated | Median 127.71 149.49 38.17
bilirubin
Min.-max. | 40.2- 9.2-293.2 | 6.0-80.6
450,5

Ratio Median 0.594 0.590 0.694

conjugated/

total bilirubin

The data obtained showed that the values of
both total and conjugated bilirubin rose slightly
at the height of disease (p> 0.05) as conjugated
bilirubin remained high - about 59% in the first
and second testing. In the control study,total
and conjugated bilirubin during the convalescent
period decreased significantly (p <0.01 compared
to the first study, 0.001 compared to the second,
respectively), but the proportion of conjugated
bilirubin increased significantly to 69.4% (p
<0.05).Although bilirubin levels were not high
during the convalescent period, the percentage
of conjugated bilirubin remained significantly
elevated.

The values of the cytolytic and excretory enzymes
are presented in Table 4.

ALAT and APH values were examined during
the onset, at the height of disease and within a
following testing in 14 patients. The ratio of both
enzymes is presented in Table 5.

Table 5: APH/ALAT ratio, n = 14.
Height
1.67

Onset
0.814

Indicators
APH/ALAT

Following testing
2.327

APH/ALATratio increasedalong with increasing
of the APH value. There was crossing of the
curves of the two enzymes. Values above 2 were
indicative of cholestasis.

As hyperlipidemia is common in cholestasis, it was
observed in the patients of this study (Table 6).

Table 6. Cholesterol and triglycerides in
patients with cholestatic form of hepatitis E,
n=19.

Indicators Median value Min.-max.
Cholesterol 7.064 2.55-24.9
Triglycerides 3.127 1.3-4.5

Out of 25 patients, elevated cholesterol levels
were found in 10 (40%).Elevated triglycerides
were found in all 25 patients (100%).In all
monitored patients there was deviation in the
lipid profile.

Ultrasound was carried out on all patients.
In addition to hepatomegaly, steatosis was a
common finding. Cholecystitis was diagnosed
in 14 (56%) patients, and 7 of them had a
calculous cholecystitis, as reported for other
types of hepatitis of different etiology (1,26,28).
Treatment with antimicrobial agents reduced the
subjective symptoms of heaviness, right-sided
abdominal pain, and fever.
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Hospital stay of patients. Patients with
cholestatic form of hepatitis E had longer hospital
stay compared to patients with other forms,
and their treatment demanded greater financial
resources. The average length of stay of the
observed patients was 20.8 days.

Financial aspect.In addition to the long
hospitalisation period, recovery period was
longer and associated with economic costs, as
the disease is associated with longer period of
temporary disability. Treatment required greater
financial resources that exceeded the allocated
funds to the clinical pathway and continued in an
outpatient setting.

All patients recoveredwithinperiods of different
length, but not less than 3 months. In one patient
the total bilirubin levels normalised 6 months after
the onset of the disease, but the direct fraction
was higher than normal for 2 more months.

DISCUSSION

Acutehepatitis E,like hepatitis A,isa disease
transmitted via the faecal-oral route.Viral hepatitis
A has one of the highest rates of incidence
in Bulgaria (31).This disease demonstrates
great epidemiological differences between
economically developed and developing
countries as well as between different social and
economic strata within countries (31). Hepatitis
E has similar features and inrecentyearsis
diagnosed more and more often in Bulgaria
(32). In Europe, it is mainly caused by genotype
3. According to studies of P. Teoharov, this
genotype is also found among Bulgarian
patients.Theclinicalcourseofhepatitis A and E
variesfromasymptomaticinfectiontofulminant
hepatitis (32).

Cholestasis syndrome is reported with hepatitis
E, as with other types of hepatitis, especially type
A. 27% of the patients examined in this study
had cholestasis.

Twenty-three patients had underlying diseases
and 12 patients were alcohol abusers. The
proportion of patients with comorbidities was
92%. A pre-existing liver damage was anticipated
for alcohol abuse patients or diabetes mellitus
patients.

Less pronounced symptoms of intoxication are
the hallmark of cholestatic forms (28-30). We
also observed this finding in our patients with
hepatitis E.

According to the available literature data and
based on our own observations, intoxication
manifestations of hepatitis E are less pronounced
if the cholestatic component is not present. This
could explain why patients delay seeking medical

help and/or often are admitted to other wards
depending on their main chronic disease.

The elevated level of triglycerides in all patients
does not have a meaningful explanationthough
the number of patients is not large. One possible
reason may be the presence of comorbidities
associated with abnormal lipid profile - namely,
diabetes, alcohol use, etc.

All patients were in adult age and male persons
were more affected, which is characteristic of
hepatitis E in developed countries.

Leading complaints were often related to
comorbidities and therefore, some patients
were initially treated at wards depending on the
underlying disease - endocrinological, cardiac,
gastrointestinal.

In some of the patients cholestasis probably was
of mixed genesis - related to viral hepatitis and
the accompanying disease (steatosis in diabetes
or alcohol damage).

CONCLUSIONS

As with other types of viral hepatitis, cholestasis
is commonly observed in hepatitis E. Subjective
complaints do not differ from those of other types
of hepatitis, but intoxication manifestations are
less pronounced and of shorter duration.

Itching and asteno-adynamia are leading signs
in the clinical picture of cholestasis and hepatitis
E.In some patients we observed decompensation
of the underlying disease, while hepatitis did
not presented withsevere course.Comorbidities
are likely to contribute to the development of
cholestasis —e.g. diabetes, alcohol use, for which
preceding changes in the liver are typical.None of
the patients developed fulminant hepatitis even
with decompensation of the underlying disease.
Nevertheless, the course of acute hepatitis E
had significant deviations in the biochemical
profile that persisted longer than usual and the
recovery period was prolonged.Development
of cholestasis is associated with prolonged
hospitalisation and treatment with greater
financial cost.

Cholestatic form of hepatitis is a challenge for
the physician and the patient’s patience. Still,
there are unresolved issues regarding treatment
and relief of subjective complaints.
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ABSTRACT:

Objective: In this study, we compared various
methods for determination of Clostridium difficile
antigen and toxins directly from stool.

Material and methods: Thirty-four faecal
specimens from patients with diarrhoeal
syndrome were examined. The following
methods were applied directly on the samples
yielding results within a few minutes to a few
hours:immunochromatographic assay QuikChek
Complete for determination of glu Dantigen and
toxins A/B, EvaGreen Real-Time PCR for glu
Dand tcdB, C. difficile Verigene test (Nanosphere,
Northbrook, IL, USA) for detecting tcdA, tcdB,
and the binary toxin. Culture methods were
performed to confirm the results for detection of
C. difficilefrom stools.

Results: Twenty-three out of 34 (23/34, 68%)
faecal specimens were positive for C. difficile
by culture methods. The sensitivity, specificity,
positive predictive value, negative predictive
value, and accuracy of the different methods
were as follows: QuikChek Complete - 90.9%,
75%, 95.2%, 60%, and 88.9%; EvaGreen Real-
Time PCR — 83.3%, 100%, 100%, 100 %, and
88.9%; VerigeneC.difficile test — 90.9 %, 100%,
100%, 100%, and 100%.

Conclusion: According to the results obtainedin
this study, the most effective method for detection
of C. difficile antigen and toxins directly from stool
samples was the VerigeneC.dlfficile test.
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INTRODUCTION

Clostridium difficile is a Gram-positive, spore-
forming anaerobic bacillus. It is both a human
pathogen and a member of the normal
human intestinal flora. Clinically significant C.
difficilestrainsproducetoxins:toxinA(enterotoxin),
toxin B (cytotoxin), and binary toxin(CDT) (1). C.
difficile is the most common cause of diarrhoea in
people who develop diarrhoeal symptoms while
hospitalised(2, 3).C. difficile infections (CDI) can
cause symptoms ranging from mild diarrhoea
to pseudomembranous colitis, perforation,
sepsis, and death. It is a leading cause of
nosocomial antibiotic-associated infections with
high mortalitycausing significant social financial
burden in different regions of the world (4, 5)
C. difficile toxin is detected in the stools of up
to 20-30% of those with antibiotic-associated
diarrhoea and more than 95% of those with
pseudomembranous colitis. The antibiotics most
frequently associated with infection are ampicillin,
cephalosporins, clindamycin, and amoxicillin.
While the organism is frequently carried by
infants, it does not usually cause diarrhoea in
this population(6, 7, 8,9).

In recent years, CDI has become more frequent
and for this reason rapid diagnosis is very
important for the implementation of appropriate
therapy(10, 11,12).Unfortunately,little is known
about the extent of CDI inBulgariaas most
hospitals have only recently adopted diagnostic
services (13).

The aim of this study was to compare different
rapid methods for detection of C.difficiledirectly
fromfaecal clinical samples.

MATERIAL AND METHODS

Stool samples and processing
ThestudywasperformedattheNationalReference
Laboratory of Enteric Pathogens(culture and
EIA tests), National Reference Laboratory for
Controland Monitoringof Antibiotic Resistance,
NCIPD(EvaGreen Real-Time PCR), and Military
Medical Academy, Sofia (Verigene CDF test).
Between February 2014 and March 2015, a total
of 34 unformed or liquid faeces samples were
obtained from symptomatic patients with risk
factors for CDI andhospitalisedat different clinics
of Military Medical Academy, Sofia. All samples
were tested for tcd A,tcd B, and CDT of which
23/34(68%) were positive for toxigenic C. difficile.
Duplicate samples of patients wereexcluded
from this study.

Four-step algorithm: ElAtests for C. difficile toxin,
followed by VerigeneC. difficile test,PCR for gluD
and tcdB, and finallya culture method.
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1. EIA tests for C. difficile toxin

Samples were tested byrapid membrane enzyme
immunoassay for the simultaneous detection of
C.difficile glutamate dehydrogenase antigen and
toxins A and B in faeces(QuikChekComplete,
Alere North America, LLC), in accordance with
the manufacturer’s instructions. Each test took
five to ten minutes.

2. EvaGreenReal-Time PCR for gluDand tcdB
Bacterial DNA was extracted from the sample
using QIAMpRMIniKit(QIAGEN, Germany),in
accordance with the manufacturer’s instructions.
The extracted DNA was stored at -20°C until
analysis with EvaGreen Real-Time PCRto
amplify coding regions of:

gluD -encodes synthesis of
glutamate dehydrogenase;
tcdB- encodes synthesis of toxin B (cytotoxin),
located on the pathogenicityisland (PaLoc).

The primers used and their sequences are
presented in Table 1.

EvaGreen Real-Time PCR analysis was
optimised to run in a final volume of 25l reaction
with the following primers and conditions: 1X
PCR buffer (2.5mM MgCl,, 50 mM TRIS-HCI pH
9.2); dNTP 0.2 mM; 0.5U Hot Start Pol; GluD-s/
GluD0.4 uM; NK) + ¢/NKY+e 0.25 pM; EvaGreen
0.8X; initialdenaturation at 95°C— 4 min,followed
by 38 cycles of denaturation at 95°C— 30 sec,
hybridisation at 58°C— 30 sec, and elongation at
72°C-30sec.

the enzyme

3. VerigeneClostridium difficile Nucleic Acid
test(Verigene CDF test), (Nanosphere,
Northbrook, IL, USA)

CDF is an automated, multiplex test for rapid
identificationof toxin-producing C. difficilebacteria
and differentiation of the PCR ribotype 027
strains. By simultaneously targeting both the
toxin A and toxinB genes and differentiating the
027 strain, Verigene CDF deliverscomprehensive

results directly from a stool sample.The Verigene
CDF test is a multiplex qualitativePCR assay that
utilises a nanoparticle-based array hybridisation
method to detect C. difficiletcdA and tcdB in
faecal specimens.

In addition, the assay detects binary toxin gene
sequences and the single base-pair deletion at
nucleotide 117in fcdC to provide a presumptive
identification of the epidemic strain ribotype
027(8).

Fresh faecal samples were tested using CDF, in
accordance with the manufacturer’s instructions.
The run time was only 2 hours.

4. Culture method for C. difficileas a “gold
standard”

On the day of receipt stool specimens were
treated using the alcohol shock method to
inhibit normal faecal flora (nonsporulating
organisms) and hereby to enhance the isolation
of C. difficile. A pea-sized portion of stool sample
was transferred to 250 ml absolute alcohol
(1:1); the suspension was allowed to stay at
room temperature for 30 minutes and after that
100 — 150yl of the suspension were inoculated
onto Brain Heart Infusion Agar with 10% sheep
blood (BulBioLtd, NCIPD,Sofia) and incubated
at 37°C for ¢Ahours under anaerobic conditions
(gas-pack Tsvetyfirm, Sofia).Recovered isolates
were identified as C. difficileby performing
Gram stainingand latex co-agglutination tests
for detection of the common antigen glutamate
dehydrogenase (GDH),(Becton Dickinson, USA).
5. Standard statistics

Probability of the patient having a disease when
the test is positive - PPV

PPV = a / at+b= a (true positive) / a+b (true
positive + false positive)

Probability of the patient not having a disease
when the test is negative - NPV

NPV = d / c+d= d (true negative) / c+d (false
negative + true negative)

Table 1. Primers used in the EvaGreenReal-Time PCR for gluD and tcdB of C. difficile.

Gene Sequence Amplicon|Source
size (bp)

GluD-s

5-GTCTTGGATGGTTGATGAGTAC-3’ )
Paltansing et al.,
GIuD 158bp 2007
Ub-as | 5 TTCCTAATTTAGCAGCAGCTTC-3

NK104 , )
5-GTGTAGCAATGAAAGTCCAAGTTTACGC-3

NK105 204bp Kato et al., 1998
5-CACTTAGCTCTTTGATTGCTGCACCT-3
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In this studywere compared three different methods for rapid diagnosis of C.difficile directly from stool.
Thirty-four faecal specimens from hospitalised patients with diarrhoeal syndrome were examined
applying four-step algorithm: ElA tests for C. difficile toxin followed by CDF, PCR for gluD and tcdB,and
finallya culture method.The results from the three rapid tests were compared with the current gold
standard method for diagnosis of C. difficile. The obtained results are presented in Table 2.

Table 2. Obtained results for different tests.

Ne | Verigen PCR QuikChek | Culture |Latex test
304 | tcdA/B/C wild type GluD+/tcdB+ Ag+/tox+ + +
333 | tcdA/B/C wild type negative Ag-/tox- + +
356 [ negative negative Ag-/tox- + +
366 [ tcdA/B/C wild type negative Ag+/tox- + +
367 [ tcdA/B/C wild type GluD-/tcdB- Ag+/tox+ + +
668 [ tcdA/B/C wild type negative Ag+/tox+ + +
669 | tcdA/B/C wild type GluD+/tcdB+ Ag+/tox+ + +
670 | tcdA/B/C wild type GluD+/tcdB+ Ag+/tox+ + +
671 | tcdA/B/C wild type GluD+/tcdB+ Ag+/tox- + +
716 | tcdA/B/C wild type GluD+/tcdB+ Ag+/tox+ + +
724 | tcdA/B/C wild type GluD+/tcdB+ Ag+/tox+ + +
726 | tcdA/B/C wild type GluD+/tcdB+ Ag+/tox- + +
773 [ tcdA/B/C wild type GluD+/tcdB+ Ag+/tox+ + +
774 | tcdA/B/C wild type GluD+/tcdB+ Ag+/tox+ + +
775 | negative negative negative - -
776 | negative negative negative - -
777 | negative negative Ag+/tox+ - -
798 | negative GluD+/tcdB+ Ag+/tox+ + +
802 | negative negative Ag+/tox+ - -
805 [ negative negative Ag+/tox+ + +
808 | negative negative Ag+/tox+ - -
809 | negative negative Ag-/tox- - -
816 | tcdA/B/C wild type GluD+/tcdB+ Ag+/tox+ + +
822 | tcdA/B/C wild type GluD+/tcdB+ Ag+/tox- + +
823 | tcdA/B/C wild type GluD+/tcdB+ Ag+/tox+ + +
831 | tcdA/B/C wild type GluD+/tcdB+ Ag+/tox+ + +
835 | negative negative Ag-/tox- - -
836 | negative GluD+/tcdB- Ag-/tox- + +
841 | technical problem negative negative - -
849 [ negative negative negative - -
852 |+ GluD+/tcdB+ Ag+/tox+ + +
853 |+ GluD+/tcdB+ Ag+/tox+ + +
856 | negative negative negative - -
857 | negative negative negative - -
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A number of commercially available enzyme
immunoassay kits routinely used in most
diagnostic laboratories in Bulgariademonstrate
poor performance. According tothe results
obtained with the kit used in this study, the
sensitivity, specificity, and accuracy were only
90.9%, 75%, and 88.9%, respectively;therefore it
is not sufficiently sensitive for routine laboratory
detection of CDI, even though itis rapid, relatively
inexpensive, and specific.

Over the past decade, PCR tests have been
developed to provide more accurate diagnosis
(8, 1). However, in our study PCR had sensitivity
and accuracy of only83.33% and 88.90%,

whichcould be explained with low yield of
isolatedDNAor the presence of alot of inhibitors
in the faecal samples.

The Verigene CDF test is a novel nucleic
acid microarray that reliably detects both
C. difficile toxins A and B in unformed stool
specimens and appears to adequately identify
ribotype 027 isolates(7).The VerigineCDF test
demonstratedthe highest accuracy- 100%,
sensitivity — 90.91%, and specificity- 100%, using
the direct faecal culture as a reference method
(Table 2 and 3). The better performance of the
CDF test obtained in this study may be due to
comparatively small number of samples.

Table 3.Sensitivity, specificity, PPV, NPV, and accuracy of the different methods.

Sensitivity 83.33%
Specificity 100%
PPV * 100%
NPV ** 100%
Accuracy 88.90%

90.91% 90.9%
100% 75%
100% 95.20%
100% 60%
100% 88.90%

*PPV- positive predictive value; ** NPV- negative predictive value.
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Figure 1.DuplexEvaGreen Real-Time PCR.Melting curve analysis (Tm°C): gluD(81.2°C),tcdB

(78.4°C).

A - positive control (ref. strain C. difficile, ECDC)

m - negative control (ddH,0)
X - stool samples
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CONCLUSION

C.difficileis the most common cause of
nosocomial diarrhoea and is a leading cause of
diarrhoea in the elderly.CDlis associated with
the use of broad-spectrum antibioticsand place
a high burden on the healthcare system.C.
difficile can lead to severe complications such
as pseudomembranous colitis, perforation,
sepsis, and death(10).Currently diagnosis of
CDiI relies upon detection of toxins A/B in stool
by enzyme immunoassay. This methodology is
unsatisfactory because of low sensitivity resulting
in significant false negatives. Screening for
glutamate dehydrogenase before confirmation
of positives by PCR is cheaper than screening
all specimens by PCR and is an effective method
for routine use(14). Current EIA tests for CDI are
of inadequate sensitivity and should be replaced;
however, this may result in apparent changes in
CDl rates in national surveillance statistics.
Anaerobic faecal culture is the most sensitive
test, but it takes two-three days to provide results.
Accurate and timely diagnosis is especially
important to preventnosocomial spread (15).
PCR methods are the most recommended
test for rapid and accurate diagnosis of CDI by
many authors (16, 5, 17,18). Unfortunately, in
this study EvaGreen Real-Time PCR method
showed lower than the expected results. It
demonstratedsensitivity and accuracy of only
83.33 % and 88.90 %,which could be explained
with low yield of isolated DNA or the presence of
many inhibitors in the faecal samples.

According to the results obtained in this study,the
VerigineC.difficile test provides the most useful
diagnostic information for CDI.The Verigine test
showed the highest accuracy 100%, sensitivity-
90.91%, and specificity- 100%, using the direct
faecal culture as a reference method.It took only
2 hours and furthermore,the procedure was
simple and did not require trained personnel.
We recommend a comprehensive approach for a
definitivediagnosis of CDI, with thesimultaneous
applicationof several conventional methods.
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ABSTRACT

Liver involvement is a common feature of
leptospirosis. It varies from mild to severe
hepatic dysfunction. Our aim was to analyse a
case of icterohaemorrhagic leptospirosis and to
assess the impact of premorbid liver disorder
on severity of leptospirosis. Case report: sixty-
seven-year-old, frequently fishing veterinary
worker was admitted to the Clinic of Infectious
Diseases at University Hospital — Pleven with
one-week history of fever, myalgia, weakness,
vomits, and oliguria. Past history: viral hepatitis
A (1974); “hepatic inflammation” (1983). On
admission, the patient was in severe condition,
afebrile, adequate, with severe adynamia,
intensive jaundice, conjunctival suffusions and
haemorrhages. Decreased breathing, basal
crackles, tachyarrhythmia, hypotension, bloated
abdomen, and hepatosplenomegaly were found.
Laboratory results: RBC 3.8; Hg 119; WBC 23.7;
granulocytes 0.88; platelets 45; total/direct serum
bilirubin 153/145 pymol/L; ASAT 42; ALAT 27 IU/L;
total protein 61.3; albumins 27.2; fibrinogen 8.0;
prothrombin index 82%; C-reactive protein 278;
blood-urea-nitrogen 16; creatinine 308. Immuno-
phenotypisation of Iymphocytes subsets:
granulocytosis with lymphopenia (markedly
decreased total T-lymphocytes, T-helpers and

ADDRESS FOR CORRESPONDENCE:

Galya Gancheva,

Clinic of Infectious Diseases, University Hospital
82 “Georgi Kochev” str.

5800 Pleven, Bulgaria

Tel. +359 886 416

E-mail: galya_gancheva@abv.bg

Vol. 44 2016, 2
T-helpers/cytotoxic T-cells ratio). Abdominal
ultrasonography: mild hepatic steatosis;
partitioned  gallbladder. Microagglutination
test: positive for L. icterohaemorrhagiae
(1:1600) (National Reference Laboratory -—

NCIPD, Sofia). Prompt intensive treatment was
performed, but along with clinical improvement
the intensity of jaundice extremely increased.
Optical hallucinations and disturbed spatial
perceptions appeared. Delirium resolved after
increasing the doses of hepatoprotectors.
Patient was discharged (on the 14" day) in
improved condition with moderate jaundice and
hepatomegaly. During the two months follow-
up control, favourable recovery was registered.
Conclusions: Liver involvement in leptospirosis
is an important factor for severity. Premorbid liver
disorder poses an additional risk for prognosis.
Keywords: [leptospirosis, liver involvement,
delirium, acute renal failure, prognosis

INTRODUCTION

Leptospirosis, the most widespread zoonosis, is
emerging as a major public health problem (1).
The disease is caused by spirochetes belonging
to the genus Leptospira, which comprises both
saprophytic and pathogenic species (2). The
currently used genetically based classification
indicates that there are at least 19 species
(13 pathogenic and six saprophytic), identified
through DNA hybridisation analysis (3). Seven of
these species: L. interrogans, L. borgpetersenii,
L. santarosai, L. noguchii, L. weilli, L. kirschneri,
and L. alexanderi are the main agents of
leptospirosis (4).

Leptospirosis has a broad geographical
distribution, occurring in both rural and urban
areas of tropical, subtropical and temperate
regions. The disease outbreaks in developed
countries are usually associated with occupational
exposure, tourism or sporting events. Developing
countries carry the major burden of the disease,
with half a million cases reported yearly and a
mortality rate ranging from 5 to 10% (2).

The clinical manifestations of human leptospirosis
are diverse, ranging from mild, flu-like illness to a
severe disease form known as Weil’'s syndrome.
The severe disease form is characterised by
jaundice, acute renal failure, pulmonary distress,
and haemorrhage, which can lead to death
in 40% of cases (5, 6). In addition, the central
nervous system and the cardiovascular system
are also affected (7).

Liver involvement is a common feature of
leptospirosis. It varies from mild to severe
hepatic dysfunction. The jaundice (when is
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presented) appears within the initial five to nine
days of the clinical onset and lasts up to one
month. It has been observed in leptospirosis
regardless of the causative Leptospira serovar
but L. icterohaemorrhagiae is the most common
causative agent of icteric leptospirosis (8).

The lesions in the liver histopathological
findings reveal disorientation of the hepatic
cords and disorganisation of hepatocytes with
some degree of dissociation along with fatty
infiltration and hyperplasia of Kupffer cells. A
high content of bilirubin in the blood is produced
by the reticuloendothelial cells of the body,
phagocytosing red blood cells at such a rapid
rate that the parenchymal cells of the liver cannot
effectively excrete all the bilirubin broughtto them.
The bilirubin in the blood stream increases and
jaundice occurs (9). In contrast to the markedly
increased bilirubin level, hepatic enzymes are
slightly elevated (8-12).

The mortality predictors of leptospirosis
published by different authors are quite variable.
While some indicators are repeatedly cited
as predictors of mortality, the significance of
others is questionable. Evidences for hepatic
dysfunction are prominent during the clinical
course of leptospirosis. However, many of these
are not reported as predictors of mortality (13).
Some host-related factors are independently
associated with severity: history of chronic
hypertension, hyperamylasemia, history of
chronic alcoholism (9, 10, 14).

Our aim was to analyse a case of
icterohaemorrhagic leptospirosis and to assess
the impact of premorbid liver disorder on severity
of leptospirosis.

CASE PRESENTATION

A sixty-seven-year-old, frequently fishing
veterinary worker was admitted after obtained
written informed consent to the Clinic of Infectious
Diseases at University Hospital — Pleven with
one-week history of fever, shivering, pains in
the calf, and abdominal muscles, weakness,
vomits, anorexia, and decreased urine output. In
1974 he suffered from acute viral hepatitis type
A, and in 1983 was treated at the Internal Ward
of a regional hospital with diagnosis “hepatic
inflammation”.

Upon admission, the patient was in severe
condition, afebrile, adequate, with severe
adynamia. On the physical examination, there
was intensive jaundice, conjunctival suffusions
and haemorrhages. Decreased breathing with
basal crackles bilaterally, tachyarrhythmia and
hypotension were found. Abdominal investigation

revealed bloated and painful abdomen, enlarged
and tender liver. A splenomegaly also presented.
The neurological examination was without
abnormal findings.

Initial laboratory investigations revealed RBC 3.8;
Hg 119; WBC 23.7; granulocytes 0.88; platelets
45; total/direct serum bilirubin level 153/145
pMmol/L; ASAT 42 IU/L; ALAT 27 IU/L; total protein
61.3 g/L; albumins 27.2 g/L; fibrinogen level 8.0
g/L; prothrombin index 82%; C-reactive protein
278 mg/L; blood-urea-nitrogen (BUN) 16 mmol/L;
creatinine level 308 pymol/L. The dynamics of
laboratory results during the hospital treatment
is shown on Table 1.

Immuno-phenotypisation of lymphocytes subsets
revealed granulocytosis with lymphopenia
(markedly decreased total T-lymphocytes,
T-helpers, and T-helpers/cytotoxic T-cells ratio).
The abdominal ultrasonography revealed mild
hepatic steatosis and partitioned gallbladder.
Microscopic agglutination test (MAT) was
performed at the National Reference Laboratory
(National Centre of Infectious and Parasitic
Diseases — Sofia) and increased titre of antibodies
against L. icterohaemorrhagiae (1:1600) was
found.

Treatment was performed with Ceftriaxon (6
g/24 h), Methylprednisolone (initial dose 200 mg
daily), Hepa-merz, Ademetionin, Human Albumin
(3 times to 100 ml), symptomatic drugs, vitamins,
glucose and saline infusions. During the first
18 hours, the stimulation with Furozemide was
effective and the urine output was 5 500 ml,
increasing in the next days to 7 000 ml/24 h. This
eliminated the need of dialysis and the nitrogen
parameters gradually decreased. Due to critical
thrombocytopenia, thrombocyte concentrate
was infused during the first three days, followed
by elevation of the platelet count. Along with
clinical improvement, the intensity of jaundice
extremely increased in contrast to normalising
of the nitrogen parameters (Figure 1), and
optical hallucinations with disturbed spatial
perceptions appeared. The delirium resolved
after increasing the doses of hepatoprotectors.
Subsequently, additional information about
regular alcohol consumption was obtained. The
patient was discharged on the fourteenth day in
improved condition, with moderate jaundice and
hepatomegaly. During the following visits of the
patient, favourable recovery was registered.

DISCUSSION

Icteric leptospirosis is a severe disease in which
the clinical course is often rapidly progressive.
Severe cases often present late in the course
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Table 1. Laboratory findings of reported patient during hospitalisation

Day Ref
1 st 2nd 3rd 4th 5th 6th 7th 8th 1 oth 12th 14th -
values
Test
Hg 3.8 3.7 3.9 3.5 3.9 3.9 34 34 3.2 3.2 3.1 120-180
Ht 119 118 123 106 119 120 108 105 95 99 95 0.35-0.5
WBC 23.7 29.7 25.7 20.0 24.0 31.7 34.8 40.0 33.7 22.3 19.8 3.5-10.5
Gra 88 93 89 88 88 91 91 92 91 87 87 50-80
Plt 45 85 88 102 97 144 258 389 639 - 730 150-360
BUN 16 16.4 16.8 14 1" 9.9 8.6 8.9 7.5 - 4.9 1.7-8.2
Cr 308 276 231 156 48 56 93 85 65 - 45 44-106
K* 2.9 3.5 3.3 2.5 3.7 34 3.5 4.0 4.5 - 4.0 3.5-5.6
Na* 133 136 138 131 129 129 128 130 131 - 134 130-151
Cl - 96 94 91 88 88 90 93 98 - 97 98-108
IB 153 - 223 227 - 313.9 285 276 246 208 129 3.4-21
DB 145 - 208 210 - 253.1 252 246 216 176 64 0.8-8.5
ASAT 42 - - 30 - - 26 25 - - 23 <40
ALAT 27 - - 21.6 - - 19 20 - - 31 <40
GGT 108 - - - - - - 102 - - - 0-60
AP 99 - - - - - - - - - - 35-129
Amyl 573 333 169 99 - - - 91 - - - 28-100
CPK 139 - - - - - - - - - - 80-190
TP 61.3 - 66 - 60.5 56.8 - - - 60.6 65 66-87
Alb 27.2 - 31 - 31.3 31 - - - 29 32 35-52
Fg 8.0 - 7.69 5.0 - - - 5.8 - - 4.73 2.0-4.5
Pl 82 - 12 102 - - - 94 - - 102 80-110
CRP 278 304 189 84.5 - 35.6 41.68 - - 56.9 52.5 0-5.0

Hg—Haemoglobin (g/L); Ht—Haematocrit; WBC — white blood cells (to 10° cells/L); Gra— Granulocytes
Cr — Creatinine (umol/L); TB — Total
bilirubin (umol/L); DB — Direct bilirubin (umol/L); ASAT — aspartate aminotransferase (IU/L); ALAT
— alanine aminotransferase (IU/L); GGT — y-glutamyltransferase (IU/L); AP — Alkaline phosphatase
Serum amylase (IU/L); CPK — Creatine phosphokinase (IU/L); TP — Total protein
(g/L); Alb — Albumin (g/L); Fg — Fibrinogen (g/L); Pl — Prothrombin index (%); CRP — C-reactive

(%); PIt — Platelets (to 10° cells/L); BUN — Urea (mmol/L);

(IU/L); Amyl —

protein (mg/L).
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Figure 1. Dynamics of total bilirubin (TB) and creatinine (Cr) levels
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of the disease, and this contributes to the high
mortality rate, which ranges between 5 and
10% (2), in severe cases to 40% (5, 6). The
icteric form of leptospirosis occurs in 5 to 15%
of all patients. The complications of severe
leptospirosis emphasize the multisystemic nature
of the disease. Leptospirosis is a common cause
of acute renal failure (ARF), which occurs in 16
to 40% of cases. In patients with ARF, oliguria is
a significant predictor of death. Serum amylase
levels are often raised significantly in association
with ARF, but clinical symptoms of pancreatitis are
not a common finding. Necrotising pancreatitis
has been detected at autopsy. Cardiac and CNS
involvement are common in severe cases and
contribute to unfavourable outcome (8). In the
presented case here, transitory initial arrhythmia
was registered, asymptomatic amylasemia was
found and CNS was intact.

Our patient developed a febrile illness with
jaundice, ARF and conjunctival haemorrhages.
Considering his one-week history and the initial
laboratory results, supported by information
about recreational exposure (regular fishing),
leptospirosis was the most probable diagnosis.
After the initiated treatment, renal function
improved and thrombocytopenia resolved. At the
same time, the intensity of jaundice increased
and symptoms suggestive of delirium appeared
(without neurological abnormalities). Alcoholic
hepatitis was discussed in the differential
diagnosis, supported by additional information
on regular alcohol consumption. Alcoholic
hepatitis has been well associated with the
development of the above-mentioned clinical
manifestations. Fever and/or neutrophilia are
also commonly observed. But leptospirosis
was strongly suspected in this case and was
confirmed serologically by MAT. Serum bilirubin
is frequently high in leptospirosis and may persist
for several weeks, buttransaminases and alkaline
phosphatase are usually moderately elevated (8).
That constellation was observed in the reported
case — serum levels of transaminases were
slightly elevated and contrasted to the severe
jaundice. Both normal alkaline phosphatase
level and abdominal ultrasonography confirmed
the lack of cholestasis.

About prognosis, it is likely that alcohol abuse
affects the progress of the clinical and laboratory
abnormalities, predisposing to more severe
clinical course of leptospirosis (14). We consider
that regardless of the chronic alcohol abuse in
the reported case, the prompt intensive treatment
and adequate assessment of neurological
symptoms improved prognosis.

MAT is the method of choice for the diagnosis
of leptospirosis allowing serologic confirmation
after the first week of the disease (8). However,
the initiation of treatment is likely to be more
effective during the first week (before serological
confirmation) and usually begins empirically. The
development of antibodies against Leptospira in
the reported patient occurred in the second week
after the onset of the symptoms. This could be
related to the immunosuppressive effects of
alcohol abuse (15). Some authors speculate that
immunodeficient responses against leptospirosis
take place in some patients (16).

Early antibiotic treatment of leptospirosis
has been associated with a better prognosis.
Penicillin has long been considered the drug
of choice, though ceftriaxon and cefotaxime
are emerging as acceptable (8). Cefotaxime
has been suggested to be the drug of choice in
alcoholic hepatitis (14), but because of suspected
leptospirosis ceftriaxon was preferred in the case
we report here.

Weil's disease is likely to be misdiagnosed or
overlooked in patients with history of alcohol
abuse due to potentially overlapping clinical
features. The knowledge of symptoms of
these different diagnostic possibilities and
interdisciplinary approach to treatment are
crucial for good prognosis.

CONCLUSIONS

Liver involvement in leptospirosis is an important
factor for severity. Premorbid liver disorder poses
an additional risk for prognosis.
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ABSTRACT
Theincreasingproblemofantimicrobialresistance
is an issue of major concern to physicians
and clinical practice, and treatment failure of
infections becomes more likely. The prevention
of antibiotic-resistant infections requires a
multifaceted approach. One of the alternatives in
this respect is to use bacteriophage therapy - an
“old-new” method, known before the appearance
of the first antibiotics. In this review, we present
data on the current state and approaches in the
use of bacteriophages as a tool for the effective
treatment of infections in an era of resistance.

INTRODUCTION

The emergence of pathogen bacteria, resistant to
most or even all currently available antimicrobials
is an urgent problem for modern medicine.
The danger of “post-antibiotic apocalypse”
is completely real and the development of
alternatives to antibiotic treatment is one of
the most important priorities for medicine and
biotechnologies.

The rapid acquisition of resistance in many
microorganisms and the phenomenon of
multidrug resistance are making antibiotics
ineffective. This requires the use of more and
more powerful antimicrobial agents, which are
often the cause of damage to the organism,
commensurable with the disease itself.
Therefore, the possibilities are rapidly melting
away and every year thousands of patients die
from infections, caused by multidrug resistant
bacteria. Along on the agenda comes, once
again, bacteriophage therapy — a method, known
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before the appearance of the first antibiotics.
Essentially, phages are viruses that infect and
replicate within specific bacteria. Depending
on the life cycle of the phage, bacterial lysis
can occur either soon after the initiation of
infection (lytic cycle) or instead, following lengthy
periods of delay (lysogenic cycle). In addition to
permanently shutting down bacterial metabolism,
lysis also releases phage progeny into the
surrounding environment, allowing them to infect
similar bacteria found nearby. Unlike antibiotics,
they have extreme selectivity, affecting only
the pathogen, without damage to the normal
microflora and no side effects (1).

Even though bacteriophages are discovered by
western scientists, active development of phage
therapy starts in the former Soviet Union. Aworld-
wide leader in that area is the institute in Thilisi,
founded in 1920, where scientific research on
bacteriophages for therapeutic application is
being conducted and at present time there is a
wide variety of preparations available (2). After
the “antibiotic era”, phage therapy has been
practically abandoned by western medicine,
but in the last few years, there is an increasing
interest in it (3).

HISTORY

Despite not being demonstrated at the time, in
1896 Ernest Henkin’s observation on antibacterial
activity against Vibrio cholerae of the water of the
Jumna and Ganges rivers in India, was probably
the first experiment due to bacteriophage activity.
Later, in the early part of the 20th century,
bacteriophages were discovered independently
by Frederick Twort and Felix D’Herelle (4).
D'Herelle was the first to observe the
bacteriophage phenomenon in 1910 while
studying microbiologic means of controlling an
epizootic of locusts in Mexico (5). He isolated the
bacterium Coccobaccillus aeridiorum (presently
known as Enterobacter aerogenes) (6, 7) and
motivated by an ambitious desire to use these
bacteria deliberately against plagues of locust,
he conducted a number of experiments. During
these experiments, d’Herelle observed the
appearance of transparent holes in the bacterial
growth. He supposed that probably they were
caused by a virus. Latter he isolated this virus and
used it against locust but without any success. In
1915, the British journal The Lancet published
Frederick Twort’s article about “the transmissible
bacterial lyses”, in which he described his
observation of “the eaten edges of the colonies
of Staphylococcus”. He observed a clear zone
of lysis with the investigated strains once again.
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However, Twort could not explain the event and
provided only its description. This was the very
first publication on bacteriophages (7). However,
Twort did not explore this idea anymore, and it
was another 2 years before bacteriophages were
“officially” discovered by Felix d’'Herelle.

The discovery of bacteriophages by d’Herelle
is associated with an outbreak of severe
haemorrhagic dysentery among French troops in
July-August 1915. During these studies, he used
bacterium-free filtrates of the patients’ faecal
samples, mixed with Shigella strains, isolated
from the patients. Part of the mixtures was
inoculated into experimental animals and another
portion was spread on agar medium to investigate
the growth of the bacteria. On the agar plates,
he observed the appearance of small, clear,
transparent areas. In contrast to Hankin and
Twort, d’Herelle had little doubt about the nature
of the phenomenon, and he proposed that it was
caused by a virus capable of parasitizing bacteria.
The name “bacteriophage” (from ‘bacteria’ and
Greek ‘phagein’ ‘to eat’) was also proposed by
d’'Herelle (5, 6). The main significance of Felix
d’Herelle’s study is that he launched the idea to
use bacteriophages for treatment of human and
animal bacterial diseases, the work for which was
conducted at the Hopital des Enfants-Malades in
Paris in 1919. However, results of these studies
were not published immediately and, therefore,
the first reported application of phages to treat
human infectious diseases came later from
Richard Bruynoghe and Joseph Maisin who
used bacteriophages to treat staphylococcal skin
disease (7). Several similarly promising studies
were conducted later (8, 9, 10).

The Institute of Vaccine and Sera in Thilisi
produced the first commercial anticholera
phage preparation, which was reported to be
used successfully for the control of epidemics
threatening the south-eastern territories of
the USSR (7). The Oswaldo Cruz Institute in
Rio de Janeiro, Brazil, started production of
the antidysentery bacteriophages in 1924 to
combat dysentery in Latin American countries
(11). Phages for therapeutic purposes were also
produced in the United States. In the 1940s, the
Eli Lilly Company (Indianapolis, IN) produced
seven phage products for human use, including
preparations targeted against staphylococci,
streptococci, Escherichia coli, and other bacterial
pathogens (5). However, the efficacy of phage
preparations was controversial probably due to
technical reasons - absence of viable phages,
low phage titre or narrow strain range of the
phage in these preparations and perhaps this

is the main reason the commercial production
to be ceased in most Western countries (7).
Nevertheless, phages continued to be used
therapeutically — together with or instead of
antibiotics — in Eastern Europe and in the former
Soviet Union. Several institutions were actively
involved in this field, with activities centred at the
Eliava Institute of Bacteriophage, Microbiology,
and Virology (EIBMV) of the Georgian Academy
of Sciences, Thilisi, Georgia, and the Hirszfeld
Institute of Immunology and Experimental
Therapy (HIIET) of the Polish Academy of
Sciences, Wroclaw, Poland (5), and mainly in
Russia, Ukraine, Belarus, and Azerbaijan in the
Soviet Union during the period of 1930s and
1940s. At this time methods and instructions
were developed for intramuscular and even
intravenous use of phages, which was crucial in
cases of generalised infections. The application
of mixtures of bacteriophages infecting
anaerobes, Staphylococcus, and Streptococcus,
produced by the EIBMV, Thilisi, Georgia, was
reported for treatment of gas gangrene (7). One
of the pioneers in the application of phages in
surgery was A. P. Tsulukidze who began to use
such preparations in 1931 for the treatment of
various diseases. Later a wider group of patients
was involved in the study (12).

In the 1920s and 1940s the intestinal infections
caused by Salmonella and Shigella species were
a huge problem all over the world and clinical
studies on phage therapy against Salmonella
Typhi and S. Paratyphi were conducted (7).
An article reported a slight improvement in
patients’ conditions, in particular, shortening of
the shivering period. However, a cure was not
achieved. In another study, improvement was
also observed and the authors concluded that
the best result was achieved using a combined
intramuscular and oral application of phages
(13). Zabrezhinsky and Gorstkina-Shevandrova,
1946, reported a positive effect in 64% of the
cases and concluded that early start of phage
treatment lead to a higher efficacy of therapy. A
significant effect of phage therapy was reported
even in cases where treatment was started rather
late. Seventy-nine percent of the patients did
not show pathological symptoms by the 4th day
and 100% by the 6th day after which the stool
was normalised. These data were in contrast to
results obtained with “ordinary therapy”, where
only 2% (1 case out of 50 patients) showed an
improvement on the 2nd day of treatment, 14%
on the 4th day, and 46% on the 6th day (14). A
later study reported the treatment of 52 cases of
typhoid and paratyphoid diseases and compared
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the conditions of phage-treated patients with the
conditions of 40 patients in the control group. A
polyvalent bacteriophage against S. Typhi and
S. Paratyphi was used in this study. The authors
reported that fever persisted for a shorter period
in the experimental group of patients (38 days)
as compared to the control group (52 days) (15).
Phages have also been used extensively for
prophylaxis in regions with a high incidence of
infections. The use of phages for prophylaxis
was carried out in 1929 — 1930 against
bacterial diseases posing serious problems
at that time, such as dysentery, typhoid fever,
and staphylococcal infections. The first mass
application of dysenteric bacteriophages in the
USSR was performed in Alchevsk (Donbas
region) in Ukraine in 1930. A similar experiment
was conducted successfully later in 1935 on
thousands of people in regions with a high
incidence of dysentery. Results were reported at
scientific conferences in 1934 and 1936 in Kiev
and in 1939 in Moscow after which the dysenterial
phage preparation was finally approved as a
preventive measure for mass application (7).

THERAPY

Inspite oftheincreasinginterestinbacteriophages
fromscientistandbiotechnologicalcompanies, the
western medicine community is poorly informed
about this kind of therapy. As possible reasons
in this sense can be indicated the insufficient
credibility of the phage therapy, patient and
physician unfamiliarity and related limited product
availability (16). Introducing bacteriophage
therapy in the western medical world remains
highly problematic as a consequence of few
main obstacles. First, the clinical data about the
safety and effectiveness of phage therapy are not
considered proven and validated by European
regulators. Moreover, the regulatory framework
for medicinal product development, as present in
most countries, requires the drugs to have a fixed
chemical composition. Bacteriophages do not
fit into this definition (17). Many of the western
pharmaceutical companies are interested in this
direction, but taking account on the intellectual
property (IP) protection is a problem. It is enough
for every hypothetical competitor to own a small
amount of the drug, to replicate the phages, or
easilyisolate similar phagesfromthe environment.
Given the substantial costs and investment in
the development and marketing of conventional
medicinal products by the pharmaceutical
industry, this is one of the major obstacles for
worldwide incorporation in manufacturing of the
western phage-preparations. For these reasons,

some companies are exploring other possibilities,
such as patenting specific phage sequences,
using novel concepts related to genetically
engineered phage as a vector for lethal genes, or
molecules, or modified phage products (17, 18).
And finally, there still stands the question of the
potential negative coevolutionary consequences
of unlimited use of bacteriophage therapy (17,
19). Phage therapy, when used in a flexible
and sustainable manner, has the potential for
saving thousands of lives every year, but due
to the above-mentioned obstacles, access to
that therapy remains highly problematic in the
western world (17).

Potential advantages of the phages are: each
phage affects only a specific type of bacteria,
which is its host (this is why phages are
completely harmless to the human organism);
they are self-replicating but also self-limiting,
because they multiply only in the presence of
sensitive bacteria, and disappear with little or no
trace when the pathogen is no longer present;
they have the ability to cross physiological
barriers such as the blood-brain barrier and
get into the furthest depths of osteomyelitis in a
bone; while the occurrence of a strain, resistant
to a particular antibiotic takes a few years, the
acquisition of resistance to phages takes a much
longer period. If there is such a case, however,
developing a new phage is incomparably easier
and faster (during a few weeks’ time), than
searching and developing a new antibiotic (7-
12 years). Phages were approximately 50%
cheaper than antibiotics. This means that a
wider application of phage therapy could lead
to a significant reduction in healthcare costs (2,
5, 17, 20). Moreover, the application of phages
either independently or together with antibiotics
could help reduce the development of bacterial
resistance (21). Unfortunately, phages have a
flaw, which is a continuation of their advantage:
their high selectivity is turning out to be a setback
for the treatment because the pathogen has to
be identified very precisely. Only then can an
effective phage be selected. So-called cocktails
are developed to overcome the narrow range of
a single phage — preparations that include up to
30 virus strains, devoted to targeting five different
pathogens (1, 5). Monophage therapy has the
advantage of simplifying treatment since only a
single phage preparation is needed and there is
less potential for complications stemming from
phage immunological interaction with the treated
subjects. On the other hand, the phage cocktails’
use can lead to expansion of the utility of phage
formulations, and to a possible reduction of
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the development of phage-resistant bacterial
mutants during individual treatments, as well (1).
Researchers study the different types of
phages, the methods of isolation, consider gene
engineering modification possibilities, specifics of
interaction with pathogens and human organism,
the ability of phages to express biofilm-degrading
enzymes (19). Despite these efforts, to this
moment a very small number of modern, double-
blinded, Phase Ill (efficacy) clinical trials in
humans have been recorded. There are a large
number of publications on phage therapy, but
very few reports in which the pharmacokinetics of
therapeutic phage preparations is determined (1,
5, 21). Also, phages are extremely common in the
environment (e.g., non-polluted water has been
reported to contain ca. 2x10® bacteriophages
per ml) and are regularly consumed with foods
(22). However, it is very important to ensure
the phages’ safety before widely using them
as therapeutic agents (5). In this sense, the
Georgian and Polish phage therapy centres are
keeping extensive therapeutic phage collections,
which suggests the regularly enrichment with
new phages and widening the host range of the
collection (3).

During the long history of using phages as
therapeutic agents in Eastern Europe and the
former Soviet Union (and, before the antibiotic
era, in the United States), phages have been
administered to humans by different routes -
orally, in tablet or liquid formulations, rectally,
locally (skin, eye, ear, nasal mucosa, etc.), in
tampons, rinses, and creams, as aerosols or
intrapleural injections, intravenously, and there
are no registered reports of serious complications
associated with their use (5).

In spite of pharmaceutical companies, western
biotechnological companies and groups of
scientists from the science institutes are actively
collaborating with the Phage Therapy Centre in
Thilisi, which has opened subsidiary clinics in
Canada, USA, and France. The list of treatable
diseases by the specialists in these clinics is
long and consists of three groups. The first
includes acute and chronic skin infections,
gingivitis, tracheitis, pneumonia, gastrointestinal
infections, dysbacteriosis, prostatitis, urogenital
infections. The second group includes diseases,
in which the antibiotic action is compromised due
to flowed blood circulation — wound infections
(including wounds decubitus), diabetic’s foot,
osteomyelitis, and tropic ulcers. The third group
includes the so called “superbugs” — methicillin
resistant Staphylococcus aureus (MRSA),
Escherichia coli, Pseudomonas aeruginosa, as

well as streptococci, enterococci, Salmonella,
Shigella, Proteus, etc., and fungal complications.
Statements from the Centre of Phage therapy
in Thilisi assert that there is a “superphage* for
every “superbug”, and if there is not, they are
prepared to develop one (23).

The company Biochimpharm is the
manufacturer of biological preparations based
on bacteriophages, founded with the separation
of the bacteriophage production team of G.
Eliava Institute and also located in Tbilisi. The
production of various classical bacteriophage
preparations continues with renewal of an
existing collection of bacterial strains with
newly-emerged resistant strains in order to
develop additional range of highly effective
preparations. Their products are available in
pharmacies in Georgia and are exported to
other countries. Some of them are: Phagesti (for
treatment and prophylaxis of gastrointestinal
infections), Phagyo, Phagestaph, and Phagepy
(for treatment and prophylaxis of bacterial
purulent—inflammatory infections), Phagedys
(for treatment and prophylaxis of dysentery,
caused by Shigella), Phagesal (for treatment
and prophylaxis of salmonellosis), etc. (24).
The leader in development and production of
phage preparationsforhealing purposesin Russia
is the national company NPO “Mikrogen”. Some
of the preparations are named after the bacteria
against which they are directed: “E. coli-Proteus
bacteriophage”, “Streptococcus bacteriohage”,
“Klebsiella purified polyvalent bacteriophage”,
and others —“Intesti-bacteriophage” (for treatment
and prevention of diseases of the gastrointestinal
tract caused by dysentery bacteria, Salmonella,
E. coli, Proteus, enterococci, staphylococci, P.
aeruginosa or a combination thereof), “Complex
pyobacteriophage”(for treatment and prevention
of inflammatory and intestinal diseases caused
by staphylococci, enterococci, streptococci,
Proteus, P. aeruginosa, K. pneumoniae, K.
oxytoca, enteropathogenic E. coli,), “Sextaphag®
polyvalent pyobacteriophage” (treatment and
prevention of inflammatory and enteric diseases
caused by staphylococci, streptococci, Proteus,
Klebsiella, P. aeruginosa and E. coli). Recently
at the conference “Providing epidemiology
safety in surgical hospitals and ICU”, scientists
from Perm’s subsidiary “Perm SIC Biomed”
presented their project of producing innovational
complex product “Diphage”, directed against
Acinetobacter baumannii and P. aeruginosa
(two of the most common causative agents of
nosocomial infections with extensive resistance
to antibiotics of different classes). The specialists
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found out some phage races with lytic activity
against the infectious agents and also improved
the technology of producing “Diphage”,
studied its safety, specific activity, range, and
other parameters that were necessary for
commissioning. Product efficacy studies that
took place at the clinical sites, demonstrated
high sensitivity to a batch of “Diphage” and
at the same time extraordinary antibiotic
resistance. This means “Diphage” can be used
not only for treatment, but also as means of
preventive disinfection. Currently preclinical
tests have been successfully completed (25).
In Poland, an EU member state, a specific
national adaptive regulation based on the
Declaration of Helsinki, was issued to regulate
phage therapy. A medical doctor is allowed to
apply phage therapy where proven therapeutic
methods do not exist or have been ineffective
(e.g., in MDR infections) and provided that
the patient or their legal representative gives
informed consent (3). The Hirszfeld Institute of
Immunology and Experimental Therapy located
in Wroclaw, Poland and the clinicians involved in
phage therapy there, are the most experienced
group, found outside of the former Soviet Union,
working on phage therapy and studying phage
physiological effects. In 2005, the institute
established its own phage therapy clinic (The
Centre for Phage therapy, which accepts patients
with drug-resistant bacterial infections), and
they are now able to develop more formal trials
under European Union guidelines. The institute
also explores issues of phage purification,
phage therapy economics, phage translocation
within bodies, the role of endogenous phages
in bacterial control, phage interaction with the
animal immune system, and the phage therapy of
children and cancer patients. They use also the
“phage bank” approach, which means that they
choose one or more phages from their collection
(over 300 specific bacteriophage strains) which
are active against a given bacterial isolate (2,
26).

CONCLUSION

Bacteriophages for therapeutic use are especially
helpful in the absence of alternative treatments,
as was the case in the pre-antibiotic era, and
again are current in the face of declining antibiotic
effectiveness and increasing awareness of their
often problematic consequences. It is therefore
necessary to create the appropriate regulatory
and legal framework to stimulate the western
companies to invest in phage therapy and make
it accessible for patients in need, because when

used in a flexible and sustainable manner, it has
the potential to save thousands of lives every
year.
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ABSTRACT

The species from thelLactobacillusgenus are
the most common microorganismsexploited as
probiotics and food preservatives. Processes
such as aggregation, co-aggregation, adhesion,
and biofilm formation are important mechanisms
that allow colonisation of intestinal and urogenital
tract, the oral cavity and different food surfaces.
Aggregation is one of the desirable characteristics
of probiotic bacteria as it could increase bacterial
capacity to compete and it could play an important
role in human health. Due to co-aggregation with
pathogenic bacteria such as Escherichia coli,
Salmonella Typhimurium,Campylobactercoli,
and Campylobacterjejuni,lactobacilli  prevent
pathogenic colonisation and assist in the removal
of pathogens from the human mucosal surfaces.
In some lactobacilli aggregation is the first step
of adhesion or biofilm formation. Their ability to
form aggregates is a species- and strain-specific
feature. The process is a result of a complex
interaction between cell surface components,
such as proteins, glycoproteins, lipotechoic and
techoic acids, secreted factors and enzymes.
In some Lactobacillus strains the components
involved in autoaggregation and adherence
or in autoaggregation and co-aggregation are
identical, while in other strains each process is
determined by a different set of components.
The present work presents a brief overview of
cell components in lactobacilli considered to be
involved in aggregation and co-aggregation.
Keywords: Lactobacillus, aggregation,
aggregation, pathogenic bacteria

CO-

INTRODUCTION

Autoaggregation and co-aggregation are
phenomena related to the formation of physical
aggregates of bacterial cells of the same strain
or of two or more species. The process is
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considered an essential step in the formation of
bacterial biofilms and the interaction of probiotic
bacteria with the host and potentially pathogenic
bacterial species (1-8).

The aggregation of a probiotic bacterial culture
is considered an important property in adhesion
to intestinal epithelial cells (1, 2) or colonisation
of the oral cavity or the urogenital tract (3, 4, 5,
9, 10). The formed aggregates may then serve
as a protective layer against colonisation or
adherence of pathogenic bacteria to the mucosal
surface (5, 6, 7, 11, 12). And finally the direct co-
aggregation with pathogens may facilitate their
clearance from the host (6, 8, 13). In addition,
aggregation may facilitate genetic exchange and
immunomodulation of colonic mucosa (14, 15,
16, 17, 18, 19).

The factors that determine auto- or co-aggregation
are not always straightforward to be determined,
possibly due to the participation of multiple
structures and molecules in the binding process. As
the most common genus involved in food industry
and probiotic effect studies, the aggregation
phenotype in lactobacilli is of special interest. This
review has attempted to draw a summary of current
data on the factors involved in the aggregation
of lactobacilli that may help understanding of the
mechanism underlying the aggregation phenotype
in these species. Furthermore this knowledge
may be useful in the selection of novel probiotic
Lactobacillus spp. strains.

COMPONENTS DETERMINING
AGGREGATION IN LACTOBACILLUS
Aggregation mediated by a proteinaceous
Aggregation promoting factor and teichoic
acids

One of the most common cell components
involved in the process of aggregation in
lactobacilli are surface or secreted proteins. They
are called Aggregation promoting factors (Apf)
and mediate direct or indirect cell aggregation.
In the vaginal isolate Lactobacillus gasseri2459,
for example, there are at least two factors involved
in autoaggregation— the first one is a protein
attached to the cellsurface and the other one
is secreted into the medium as an aggregation
promoting factor (Apf). This Apf is a pheromone-
like compound with molecular weight less than 2
kDa. It induces the synthesis of adhesion proteins
in some Gram-—positive bacteria, in particular
Lactobacillus plantarum LL441 and Enterococcus
faecalis EF. After 45 minutes of contact with this
Apf L. plantarum LL441 starts to express a 75-
kDa protein. In E.faecalis EF the receptor of the
Apf is suggested to be a glycoprotein(1).

Many authors provide evidence for the role
of cell wall anchored teichoic acids (WTA) or
lipoteichoic acids (LTA) as receptors for proteins
responsible for cellaggregation. In L.gasseri4B2
(previously misclassified as L. plantarum)
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Reniero et al. reported an Apf protein of about 32
kDa andimplicated in aggregation. They showed
that Apf-promoted aggregation is observed only
in strains containing an appropriate receptor,
identified as  a-1,2-glucose-substitutedLTA
andWTA(15). Schachtsiek et al. observed that a
nonproteinaceous surface componentis involved
in the co-aggregation between L. gasseri 4B2
and pathogenic bacteria (20).

Subsequent studies, demonstrate that Apf proteins
have an important role in cell shape formation/
preservation (21). The Apf proteins of two L. gasseri
and four Lactobacillusjohnsonii strains have
recently been described as novel surface proteins.
They are encoded by two tandem apf 7 and apf
2 genes that have similar gene organisation and
characteristics to the S-layer protein genesand
influence the shape of cells (22).

The factor, which mediates aggregation in
LactobacilluscrispatusM247 is found to be similar
to the Apf of L. gasseri 4B2 (15,23). However,
L. crispatus M247 has a homologous non-
aggregating mutant Mu5 which still produces its
Apf. The non-aggregating phenotype in Mu5 may
be a result of a mutation, causing changes in
another molecule involved in aggregation, which
may have the role of an Apf receptor. One of the
putative receptors is 1,2-glucose-substituted WTA
or LTA. Therefore the non-aggregating phenotype
in L. crispatus Mu5 could be a result of a defect in
glycosylation of teichoic acids (15, 23).

The putative apf gene of Lactobacillusacidophilus
NCFM is examined too. This strain shows
autoaggregation and  co-aggregation  with
Clostridium  histoliticum and  Staphylococcus
aureus(24). No direct evidence of a correlation
between the expression of theapfgene and the
aggregative phenotype was found, suggesting that
the Apf may not be the only component involved
in aggregation. Furthermore, an NCFM mutant,
carrying a deletion in one of the genes, involved in
the LTA biosynthetic pathway, did not aggregate,
which indicates a potential role of LTA in the
aggregation phenotype of L. acidophilus NCFM.
Notably, other results show that bacterial Apfs
could be involved in promoting bile tolerance
and interaction with the host epithelium
and consequently may support the fitness
and adaptation of microorganisms to the
gastrointestinal tract (25).

Role of S-layer proteins in the aggregation
phenotype

Other components involved in the aggregation
phenomenon are proteins from the bacterial
surface layer (S-layer).

L.crispatus ZJ001, isolated from pig intestines has
an S-layer protein of approximately 42 kDa, which
plays a key role in autoaggregation and adhesion to
Hela cells. The S-layer proteins from L. crispatus
ZJ001 also inhibited adhesion ofS.Typhimurium

and E. coli O157:H7 to Hela cells (26).
Autoaggregation of Lactobacillus kefiriCIDCA
8321 and its co-aggregation with the yeast
Saccharomyces lipolytica CIDCA  812are
mediated by thermolabilesurface molecules with
a lectin-like activity non-covalently bound to the
S-layer. This strain also agglutinates human red
blood cells, but has poor adhesion to Caco-2
cells(27, 28, 29).

InL. acidophilus M 92 a 45-kDa S-layer protein
is responsible for aggregation. This strain
is shown to have a strong autoaggregation
phenotype. It also demonstrates co-aggregation
with another potential probiotic strain E.faecium
L3 and also with E.coli and S. Typhimurium.
The co-aggregation with other probiotic strains
could increase the colonisation potential of L.
acidophilusM 92 in a mixed probiotic culture (30).
Other cellsurface proteins involved in
aggregation

Other cellsurface proteins mediating aggregation
are also described in lactobacilli. They are in
most cases novel surface proteins and some of
them are studied in detail.

One such novel protein is the co-
aggregationpromoting factor (Cpf), described in
Lactobacillus coryniformisDSM 20001T. Unlike
earlier studies, limited to lactobacilli of human
and animal origin (15, 31), this is the first
example of a Lactobacillus species of agricultural
origin which has aggregative phenotype (6).
Strains of L. coryniformis are commonly found
in silage, cow dung, dairy barn air (32), as well
as in cheese, salami, and Turkish boza (33,
34, 35).Futhermore, Cpf is the first described
surface protein which mediates co-aggregation
with the major species involved in food-borne
Campylobacter infections - C. coli and C.
Jejuni(36). It also co-aggregates with E.coli K88.
Cpf is a novel surface protein which is a member
of the Csc family of proteins. The proteins from
this family have cellsurface location(37). All of
them - CscA, CscB, CscC,andCscD - have a
signal peptide for secretion by the Sec-dependent
pathway, while some of them have cell surface
anchors, novel WxL domains, and putative
domains for sugar binding and degradation. Cpf
is a product of thecscB gene. CscB proteins are
non-covalently bound to the bacterial cell surface
with WxL domains which are involved in binding
to peptidoglycan (6, 38, 39 ,40).

Several cell surface proteins are found and studied
for other Lactobacillus species.Lactobacillus
sakei23Khas a set of components involved
in aggregation and biofilm formation, which
is responsible for meat surface colonisation.
The first set contains two proteins with a cell
wall-binding Lys M domain in their N-terminal
region and a C-terminal domain similar to Apf of
intestinal lactobacilli and enterococci (21). The
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proteins from the other set have two repeated
GW-like modules in their N-terminal sequence
involved in LTA binding and a C-terminal cell wall-
binding P60 domain (PF00877) (41). All of these
proteins share a central region rich in Ser/Thr/
GIn and demonstrate physical properties similar
to S—layer proteins. Furthermore, fifteen proteins
from several gene clusters have a C-terminal
WXL-like domain (42) with a YxxT(L/)TW(T/S)
L motif which is observed in Cpf surface protein,
mediating co-aggregation of L. coryneformis
DSM 200017 with E. coli (22). These proteins are
probably a part of multicomponent complex on
the surface of the bacterium (43).

Recently, the largest aggregation promoting protein
in LAB (AgglLb) is described in Lactobacillus
paracaseisubsp.paracaseiBGNJ1-64. Its molecular
weight is 318.6 kDa (44). AggLb is a collagen-
binding protein and has a similar structure to
lactococcalAggL. The genes encoding both AggLb
and AgglLare located on plasmids (45). Agglb
contains a conservative C-terminal LPXTG motif
(46)for cell wall anchoring, six collagen-binding
domains and20 repeats of the CnaB-like domain.
The autoaggregationability of strains depends on
the collagen-binding domainsand the firsttwo CnaB-
like domains, while the last 18 C-terminal CnaB-
like domains are not required for autoaggregation.
They likely function as an antenna which exposes
the collagen-binding domains to the surface to
improve target protein interactions (47). Another
L. paracaseisubsp.paracaseistrain, BGNJ2-8, has
a large self-aggregationpromoting protein with
molecular weight >200 kDa which shares some
similarity with biofilm-associated proteins (48).
The extracellular protein D1 from L.plantarum
NCIMB 8826 plays a role as an aggregation
promoting factor and an adhesin, displayed
affinity to mucin (mucin type lll, from porcine
stomach) and fibronectin (49). This protein has
an internal region characterised by an abundance
of uncharged polar amino acids, notably, serine
and threonine. This serine/threonine-rich protein
is related to the autoaggregative phenotype and
the attachment to host surfaces. It mediates the
molecular cross talk with the human host. The
purified ST peptide is able to interact with human
dendritic cells, promoting a tolerogenic and anti-
inflammatory phenotype (50, 51).

Exopolysaccharides and enzymes
contributing to cell aggregation

Other cell components which influence forming of
cell aggregatesareextracellular polysaccharides
(EPSs) (52).Aslim et al. reported that
aggregation in some Lactobacillusdelbruekiissp.
bulgaricusstrains correlates with production of
EPSs. L. delbruekiissp.bulgaricusB3 and G12
which are high EPS-producing strains showed
greater autoaggregation and co-aggregation with
E. coli ATCC 11230 in contrast with low EPS-

producing strains L. delbruekiissp.bulgaricus22
and B2 (53).

Enzymes of some Lactobacillus reuteri strains
participate in cell aggregation. In a pig intestinal
isolate L. reuterit063aputative ATP-dependent
RNA helicase participates as a mediator of cell
aggregation. This enzyme belongs to the DEAD-
box helicases family and contains all eight motifs
from the conservative region typical for this
family, including the D-E-A-D box (54, 55).
Glucosyltransferase A (GtfA) of L. reuteri
TMW1.106 is also implicated in the process of
aggregation. Glucan produced from sucrose
by GtfA is responsible for cell aggregation. It is
observed that production of glucan has a key
role in aggregation of Gram-positive bacteria
(56, 57,58, 59, 60).

In a vaginal isolate L. plantarum CMPG5300 the
highly autoaggregative and adhesive phenotype
dependent on its srtA gene, encodes the
housekeeping sortaseA (61).

CONCLUSION

A great variety of components involved in the
aggregation processamong Lactobacillus species
evenamong Lactobacillusstrainsis  observed.
The study of interactions leading to formation of
aggregates is important for selection of lactobacilli
which could be used in food preservation or in
manufacture of probiotic products and functional
foods with healthy benefits.
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