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Probl. Inf. Parasit. Dis.

RAPID TESTS IN THE
DIAGNOSTICS OF SOME
FASTIDIOUS MICROORGANISMS

K. Ivanova, M. Marina

National Center of Infectious and Parasitic Diseases

ABSTRACT

Rapid tests for hydrolysis of DNA, nitrate reduction, phosphatase
and urease were developed. We applied the tests for more fastidi-
ous and biochemically inactive bacteria like Campylobacter /242
strains/, Helicobacter /55 strains and 42 biopsies/, and for
Bilophila wadsworthia /10 strains/ - an anaerobic microorganism
recently isolated. Reading the results was for 30 minutes. We
compared the rapid tests with conventional ones and they proved
to be as exact as them. Rapid tests also exceed conventional by
the rapidity of reading the results and easiness to perform.

Key words: Campylobacter, Helicobacter, rapid test

INTRODUCTION

The interest in the microaerophilic spiral-to-curve-shaped
bacteria belonging to the species Campylobacter and
Helicobacter has been greatly increased in the recent years.
Campylobacter jejuni infection is widespread and this micro-
organism can be isolated in 4 to 30% from the fecal speci-
mens of the patients with acute diarrheal diseases /1/.
Another important pathogen - Helicobacter pyloriis the caus-
ative agent of gastritis in humans. Chronic infection with
this organism contributes to formation of gastric and duode-
nal ulcers and possibly - of gastric carcinoma /8/.
Bilophila wadsworthia /BW/ - an anaerobic microorganism,
recently isolated /in 1989/ which participates in severe
anaerobic infections /3, 9/.

These microorganisms are biochemically inactive and very
fastidious in their growth. That is why there are some diffi-
culties in using the conventional biochemical methods.
The purpose of this study was to develop rapid tests that
can be used in the identification and differentiation of
C.jejuni, H.pylori and B.wadsworthia. These tests include:
DNA hydrolysis, nitrate reduction, alkaline phosphatase
hydrolysis and urease.

MATERIALS AND METHODS
Bacterial Strains:

Campylobacter sp. 242 strains, 23 of them were
referent and were obtained
from H.Lior - Canada

C.jejuni 198 strains

C.coli 26 strains

C.lari 2 strains

Helicobacter pylori 55 strains

duodenal biopsies 42

Bilophila wadsworthia 10 strains

The strains were incubated 24 h before testing - for Campylobacter
and 48 h - for H.pylori and B.wadsworthia.

Rapid tests:

The chemical components of the rapid tests are presented on
table 1.
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Table 1. Ingredients for the rapid tests
Rapid tests DNA-se Nitrate Urease Alkaline
reduction phosphatase
Ingredients
K,HPO, 5g
KH,PO, 2g 29
Yeast extract 1g 059
KNO, 29
Urea 20g
Phenol rot 0,012 g
DNA 29
NPPST" 0449
tris buffer pH  100ml
Distilled water 100ml 100ml 100ml
* NPPST p-nitrophenyl phosphate di-sodiumtetrahydrate

Referent strains Campylobacter as well as strains from En-
terobacteriaceae, A.calcoaceticum, A.anitratus and S.aureus
have been used as positive and negative controls.

The method of comparision of two alternative distributions with
the exact criterion of Fisher was used to determine the sensitiv-
ity of the rapid tests when comparing with conventional ones.

RESULTS

The comparison of the rapid tests with the conventional
ones is presented on table 2.

All the strains H.pyloriwere positive for DNA-hydrolysis and
the strains Campylobacter - positive or negative according
their biotype.

The results of the rapid tests were read after 30 min., while
those of the conventional - after 24 or 48 h. A clear zone
was not obtained around the bacterial growth of most of the
strains H.pyloriand some strains Campylobacter. That is why
those strains needed incubation of 48 h or repeated perfor-
mances of the tests.

Statistically significant differences were not observed between
the methods using the exact criterion of Fisher /p>0,5/.

A full coincidence of the results /p>0,5/ and 100% sensitiv-
ity of the rapid test was observed when comparing between
rapid test for nitrate reduction with the conventional ones.
Urease tests were applied directly for 42 duodenal biop-
sies, 30 of which were urease positive with rapid test for 30
min. From the same biopsies were isolated 30 strains H.pylori
/100% sensitivity/.

With the conventional test only 26 biopsies were urease
positive immediately with the rapid test while with the con-
ventional ones - within 4 h.

Reading the results for the rapid urease test for B.wadsworthia
was after 30 min., and for conventional - in 48 h.

The test alkaline phosphatase hydrolysis was applied for
all strains H.pylori /n=55/ and all of them turned positive
very quickly in 5 to 30 min., in contrast of the strains
Campylobacter that remained negative for the same time.
Cultivation of the bacteria for rapid tests was in aerobic con-
ditions while for the conventional - in microaerophilic for
H.pyloriand Campylobacter or anaerobic - for B.wadsworthia.

- CONCLUSION

The rapid tests exceed the conventional by the rapidity of
reading the results - 30 min., not within 24 or 48 h. A full
coincidence of the results with the conventional tests is
observed - 100% sensitivity. Conventional method for ure-
ase reaction has shown lower sensitivity /88%/ applied di-
rectly for duodenal biopsies.

The rapid tests are easier to perform - it is not necessary to
work in sterile conditions because of the heavy not repro-
ducing bacterial suspension. Incubation - in air, not in mi-
croaerophilic or anaerobic conditions.
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Table 2. Comparison of rapid with conventional tests
Tests DNA-se Nitrate reduction Urease Alkaline Sensi
positive negative positive negative positive negative posphatase tivity
R C R C R (o] R C R C R C positive negative %
Strains /N/
C.jejuni 84 84 67 67 198 198 0 0 0 0 10 10 0 15 100%
n=198
C.coli 24 24 18 18 42 42 0 0 0 0 5 5 - - 100%
C.lari 1 1 1 1 2 2 0 0 - - - - - - 100%
n=2
H. pylori 55 55 0 0 0 0 15 15 55 55 0 0 55 0 100%
n=>55
biopsies - . - - - - - - 30 26 12 16 - - 88%
n=42
B. wadsworthia - - - - 10 10 0 0 10 10 0 0 - - 100%
n=10
R - rapid test
C - conventional test

Itis known that the strains H.pyloriand B.wadsworthia do not
grow or grow very poorly in liquid media. That is why our
rapid tests are better for testing their biochemical activity.
Except for species identification rapid tests can be used
also for subspecies differentiation such as urease, alka-
line phosphatase and nitrate reduction to differentiate
C.jejuni from H.pylori.

Using the fact that one of the basic ways to accelerate the
enzyme reaction is the increase of the temperature /in our
cases at 56°C/ we achieve acceleration of the process of
DNA hydrolysis and prove the enzymes urease and alka-
line phosphatase in microorganisms as Campylobacter,
H.pylori and B.wadsworthia.

into the tubes

C.jejuni and H.pylori

in water bath

Negative -
no change of color

Rapid tests Solution Inoculum Incubation Reading the result Conventional tests
Hydrolysis of DNA The compound of DNA A very heavy inoculum 30 min Positive-the medium The rapid test was
/Difco/ is dissolved in prepared from the strains  at 56°C in becomes liquified compared with con—
tris buffer /pH 8,6/ C.jejunii and H.pylori water bath Negative - the medium  ventional of Lior 151
for 30 min at 100°C with an even distribution remains solid and Hanninen /4/
and poured into
test tubes in 0,5 ml
in all the medium
Nitrate reductin 0,05 ml from the solution A very heavy inoculum 30 min Positive - intensive red  The rapid test /7/
/see table 1/ was diluted pared from the strains at 37°C Negative - no change was compared
with 0,45 ml tap water C.jejuni, H.pylori and BW after addition of 1 drop  of color was compared
5% anaphtil amine and  with Ullmann /10/
5N acetic acid and Sumanenn /9/
Urea test 0,05 ml from the solution A very heavy inoculum 30 min Positive - The rapid test 171
/see table 1/ was diluted prepared from the strains at 56°C change of color was compared
with 0,45 ml tap water C.jejuni, H.pylori and BW in water bath From yellow to red with Marshal /6/
Grinded mass from Negative - and Sumanenn /9/
duodenal biopsy no change of color
specimens
Alkaline 0,03 ml from the solution A very heavy inoculum 30 min Positive - change of color
phospatase /2/ /see table 1/ is poured prepared from the strains  at 56°C in yellow at 5 to 30 min.
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DETECTION OF EAF PLASMID
IN ENTEROPATHOGENIC
ESCHERICHIA COLI (EPEC)
ISOLATES BY PCR

P. Petrov, T. Kantardjiev, E. Dobreva, G. Asseva

National Center of Infectious and Parasitic Diseases

SUMMARY

The aim of this study was to demonstrate the EAF plasmid in Es-
cherichia coli diarrheagenic isolates, which is responsible for the
localized adherence (LA) and the full virulence of EPEC. A total of 53
clinical isolates of EPEC were investigated by PCR using specific
primers and amplicons visualized by capillary electrophoresis. Five
out of 53 (9.4%) of EPEC strains were pEAF positive. Conclusion:
PCR technique is reliable method for detection of pEAF in EPEC
isolates. More isolates from different EPEC serotypes should be
tested to find out the true prevalence of the plasmid among them. The
first investigation for pEAF among EPEC in Bulgaria is presented.

Key words: pEAF, EPEC, PCR

INTRODUCTION

Diarrheal illness caused by E. coli is a major public health
problem worldwide, particularly among infants younger than
5 years and when foodborne outbreak is appeared.
Diarrheagenic E. coli have been broadly divided into
enterotoxigenic E. coli (ETEC), enteropathogenic E. coli
(EPEC), enterohemorrhagic E. coli (EHEC), enteroinvasive
E. coli (EIEC), entroaggregative E. coli (EAEC), and dif-
fusely adherent E. coli (DAEC).

Detection of diarrheagenic E. coli has long relied on the de-
termination of serogroups characteristic for some pathotypes
of these bacteria. For instance, serogroups 044, 055, O111,
0119 are typical for EPEC, serogroups 06, 025, 078, 0148 for
ETEC, serogroups 028, 0112, 0124, 0144 for EIEC, serogroups
026, 0113, 0117, 0157 for EHEC (1). E. coli of specific
serogroups can be associated reproducibly with certain clini-
cal syndromes, but it is not in general the serologic antigens
themselves that confer virulence and serogrouping is rarely
sufficient to reliably identify a strain as diarrheagenic (1).
Rather, the serogroups serve as readily identifiable chromo-
somal markers that correlate with specific virulent clones (1,2).
Nowadays, pathotypes of E. coli are defined on the basis of
virulence properties demonstrated by phenotypic and/or
genotypic methods, i.e., by recognition of their specific viru-
lence factors: toxins, adhesion type, host cell surface modify-
ing factors, invasins, secretion systems which export proteins
and pilot them to the target host cells.

EPEC are the major cause of infantile diarrhea predominantly
in developing countries but are also identified in developed
countries (3,4,5). During infection, EPEC strains attach intimately
to the intestinal epithelium and efface the absorptive microvilli,
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initiating a complex signalling cascade that ultimately leads to
diarrhea (6). These pathogenic effects manifest as ,attaching
and effacing” histopathological hallmark, which is conferred
by a large chromosomal island called locus of enterocyte ef-
facement (LEE). EPEC of classic serotypes adheres to cul-
tured cells in a localized pattern (1,7). This localized adher-
ence (LA) is conferred by a large EPEC adherence factor (EAF)
plasmid, associated with virulence in epidemiological and vol-
unteer challenge studies, which is present in all typical EPEC
strains, and absent or altered in atypical EPEC strains (8,9,10,11).
The 60-MDa EAF plasmid harbors the bundle-forming pilus
(bfp) operon, encoding the type IV pili responsible for LA and
the formation of microcolonies on host cells (12).

The aim of our study was to demonstrate the EAF plasmid
in strains of EPEC serotypes isolated in the country in 2007.

MATERIALS AND METHODS

Bacterial strains. A total of 53 EPEC strains isolated in Regional
Inspetorates of Public Health Control and Prevention (RIOKOZ)
in 2007, and sent to National Reference Laboratory of Enteric
Pathogens for confirmation, were investigated. O serotypes
were determined with antisera manufactured by Bulbio-
NCIPD, Ltd, Bulgaria. A strain of E. coli 0127 (Copenhagen,
Denmark) served as a positive control for pEAF in the study.
PCR. Isolation of DNA from the strains was performed using
PrepMan Ultra Sample Preparation Reagent (PM) (Applied
Byosystems). One loopfull from cultures incubated over-
night on McConkey agar (Bulbio-NCIPD, Ltd) (1x10® CFU)
was suspended in 100ul PM in 1.5 ml tube. Then samples
were homogenized on vortex for 10-30 sec., followed by
heating on thermoblock (100°C) for 10 min. After centrifuga-
tion of samples at 13 000 rpm for 3 min., supernatants were
used for analysis. The concentration of isolated DNA (ng/
ul) was measured by spectrophotometer GeneQuant pro
(Amersham Biosciences) at A=260 nm. The primers we
used were: EAF1: 5'-cag ggt aaa aga aag atg ata a-3’ and
EAF2: 5'-tat ggg gac cat gta tta tca-3’ that amplificate =400
bp of EAF (13). Parameters of PCR were: =20-40 ng DNA,
0.4 uM EAF1/EAF2, 1xPCR buffer, 200 uM dNTP, 2 mM MgCl,
4% dimethylsulfoxid, 1TU AmpliTag GoldTM (Applied
Biosystems) in 25 ul volume. DNA amplification was per-
formed on QB-96 apparatus (Quanta, Biotech Ltd). Condi-
tions of the reaction were: initial denaturation 95°C for 6
min., 35 cicles denaturation-95°C for 20 sec., hybridization-
55°C for 30 sec., and elongation-72°C for 30 sec; the termi-
nal elongation was at 72°C for 5 min. Amplicons were
analysed by capillary electrophoresis using eGene HDA-
GT12 apparatus with method M 500.

RESULTS AND DISCUSSION

Serotyping. Serotypes of EPEC strains were determined as
follows: 020 (n=2), 026 (n=2), 044 (n=6), 055 (n=9), 086
(n=2), 0111 (n=6), 0117 (n=1), 0119 (n=6), O125 (n=1),
0126 (n=4), 0127 (n=6), 0128 (n=7), and 0146 (n=1).
PCR. Five out of 53 (9.4%) EPEC strains were positive for EAF
plasmid (Fig. 1, lanes 5to0 9). Of the 9 E. coli 055 EAF positive
proved to be 2 strains (22.2%). Of course, their number was
low and we need much more strains tested in order to claim

- that percentage of EAF positive E. coli 055 is over 20.

In this study we have demonstrated the EAF plasmid in only
9.4% of the EPEC strains. We think the reason for the low
number of EAF positive EPEC in the investigation might be
due to: Firstly, it is well known that not all of the EPEC isolates
harbor the plasmid. Recent epidemiological evidence indi-
cates an increasing prevalence of atypical EPEC both in de-
veloped countries (3,5,14) and in developing countries (15,16).
Many atypical EPEC isolates lack the entire EAF plasmid (17);
Secondly, part of the strains may have lost the plasmid after
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multiple procedures of subculture; Thirdly, primers used prob-
ably originate from more variable part of the plasmid.

In conclusion, the PCR technique is a reliable method for de-
tection of the pEAF in EPEC isolates; in Bulgarian isolates the
plasmid was detected most frequently in E. coli 055, but more
isolates from this serotype and other EPEC serotypes should
be tested; here, we have presented the first investigation in
Bulgaria demonstrating pEAF in clinical isolates of EPEC.
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SUMMARY

From the time of the virus isolation HCV infection progressively
expands and conquers new risk groups. The aim of the study was
to examine the prevalence of HCV infection for 15 years period
among 597 people from following risk contingents: 161 patents on
chronic haemodialysis, 120 haemophiliacs, 86 patients with burn
injuries and 230 intravenous drug abusers (IDUs), as well as the
incidence and risk factors in 178 patients with acute hepatitis C.
Clinic and laboratory methods, anti HCV antibodies, PCR were
made as well as genotyping of fifty patients. HCV positive were
45.34% from the patients on haemodialysis, 96.67% of the
haemophiliacs, 33.38% from the patients with burn injuries and
70% of IDUs. The rate of infection among the studied groups was
very high, especially in haemophiliacs and IDUs. From 2001 the
incidence of HCV infection shows rising tendency. The risk of
posttrasfusion hepatitis C has significantly decreased while there
is a relative increase of cases with unknown way of transmission.

Key words: acute hepatitis C, an incidence, a prevalence,
risk groups

INTRODUCTION

Hepatitis C virus (HCV) infection is a significant problem for
medicine and society, throughout the world. About 200 million
individuals are infected with HCV. The strategy for struggle
against this global problem crucially includes the epidemiol-
ogy and prevention among the infected. The changing of prior-
ity in management of hepatitis C between different medical
sciences is very rapid in context of their achievements. For
example, as acute hepatitis C progresses to chronic infection
in 43%-86% of patients [1] and because there is clear evidence
that antiviral therapy during the acute phase of HCV infection
significantly reduces evolution to chronic illness [2, 3], the iden-
tification of patients with newly acquired hepatitis C is useful to
the prevention of chronic hepatitis [4]. The precise character-
ization of the risk groups is necessary in the light of the continu-
ous alteration of their proportion and especially the relative
increase of the group with no reported identified risk [5].

The epidemiology of acute hepatitis C has changed during
the past decades, and the incidence of new infection has
decreased in most developed countries. The introduction
of more accurate and sensitive screening tests has led to
the control of hepatitis C associated with blood transfusion
and administration of blood derivatives [4].
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METHODS

A long term trial for 15 years period was completed in six
Bulgarian health care centres throughout the country. Four
risk groups were determined on purpose as followed: 161
patients on chronic hemodialysis, 120 haemophiliacs, 86
patients with moderate and heavy forms of burn injuries
and 230 intravenous drug users. A total of 178 patients with
acute hepatitis C treated from 1993 to 2007 in the clinic of
infectious diseases in Plovdiv were also enrolled in this
investigation. Each patient provided written, informed con-
sent before entering the study. The last cohort comprised
all cases with acute HCV infection from the previous groups
and others with different modes of transmission. Fifty pa-
tients with viral hepatitis C were genotyped by Murex HCV
Serotyping 1-6 Assay. The serological (anti HCV by ELISA
second and third generation test with Abbott diagnostic
kits), virological (HCV-RNA PCR- Amplicor HCV Monitor
TM PCR, Roche Diagnostic Systems, Inc. Branchburg, NJ,
USA) methods were performed. Statistics was completed
by parametric and nonparametric analysis. A P-value of
0.05 was considered to be statistically significant.

RESULTS

During 1993-2007, a total of 597 patients from six centres
including three clinics for hemodialysis, a clinic for burn
injuries and a centre for haemophiliacs as well as a group
from an antinarcotics centre were included into the study
(Table 1). The cohort of 178 patients with acute hepatitis C
was also recruited in this investigation for the same period
from a clinic of infectious diseases in the same region. Table
2 shows the modes of transmission of HCV in this group.

Table 1. Prevalence of HCV infection among risk groups

Risk groups No of cases No of HCV(+) Prevalence
of HCV

hemodialysis 161 73 45.34%

burn injuries 86 33 38.37%

haemophilia 120 116 96.67%

IDUs 230 161 70%

The HCV positive in patients on hemodialysis were 73 (32
women and 41 men). The age distribution in this group was
median and (range) 47.90 (18-73) years old. Thirty of them
were on dialysis twice and 43 trice weekly with duration of
dialysis median and (range) 4.67 (1-10) years.

Twenty two from 33 HCV positive patients with average and
heavy forms of burns were men and 11 were women. Each of
them received more than one blood or plasma transfusions.
One hundred and sixteen patients with haemophilia type A
aged between three and 73 years were HCV positive and
one of them was female.

The last cohort of intravenous drug users belongs to the
population of community required hepatitis C. A correla-
tion between the duration, the number of application and
the increased risk for infection was established. One hun-
dred and forty or 60.87% of these cases had duration of
injection drug use for one or two years. One third of all had
one to three applications daily while the rest injected once
or twice weekly. Almost all of them had acquired either
tattoo or piercing. They reported sharing of earrings and
drug injection paraphernalia among IDUs which increased
the risk for transmission of different HCV genotypes.
Incidence of acute HCV

From 2001 to 2004 the incidence of HCV infection showed
rising tendency for both Thracia region and the whole coun-
try. The intensive indices ranged from 0.5%o00 in 1997 to
1.9%000 in 2004 (Figure1).
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The common characteristic of both parameters is the low
intensity typical for blood born epidemics. The period be-
tween years 2000 and 2004 can be determined as epidemic
for both the whole country and Thracia region.

Modes of transmission of acute HCV infection

The evolution of epidemic characteristics of acute HCV in-
fection reveals that until year 2000 there is predominance of
cases infected after blood or blood products transfusion (sur-
gical procedures, burns, haemophiliacs, healthcare work-
ers, chronic hemodialysis). After this period the cohort of
intravenous drug users took on the leadership (Table 2).

Table 2. Risk groups among cases with acute hepatitis C
infection

Risk groups No % S,
Intravenous drug users 82 46.07 3.74
Haemophiliacs 1 0.56 0.56
Patients with burns 6 3.37 1.35
Patients on dialysis 3 1.69 0.96
Patients with multiple blood transfusions 14 7.87 2.02
Healthcare workers 6 3.37 1.35
Patients with Tattoo/Piercing 2 112 0.79
Such with unknown way of transmission 64 3596 3,60
Total 178 100 -

Fourteen or 7.87% of the patients developed acute HCV infec-
tion after biood transfusions due to different surgical interven-
tions The group of so called unknown way of transmission
consists of 64 (35.96%) patients. Six or 3.37% of the cohort of
healthcare workers developed acute hepatitis C. No cases of
infection after dental manipulations are proved. Two patients
(1.12%) reported no other risk but tattoo and piercing.
Transmission of HCV by sexual contact and vertical trans-
mission are not enrolled in this study.

The prevalent genotype of HCV infection in Thracia region is
genotype 1. Forty two from 50 genotyped patients were with sub-
type 1a (84%); two were with 1a + 1b (4%) and six with 1b (12%).

hygienic standards may influence the risk of HCV infection.
This may explain differences found between dialysis centres
in one country. However, the differences among centres indi-
cate that local factors could play a role in causing HCV infec-
tion [6, 7]. The fight against HCV in dialysis centres is still
going on but the percentage of the infected is not low. The
level of 45.34% HCV positive patients in the three dialysis cen-
tres in Thracia region is relatively high with low rate of the
acute form. HCV infection is common among patients with
end-stage renal disease. This should be taken in mind ac-
cording to possible kidney transplantation [8-11].

Burn patients

The multiple plasma and blood transfusions given to severe
burn injuries make them high-risk contingent for HCV infec-
tion [12, 13]. The allografts from post-mortem skin are widely
used in the treatment of patients with severe burns. This
underlines the importance of screening that involves both
routine serological procedures and molecular microbiologi-
cal investigation. The latter has not been uniformly intro-
duced in many countries and very limited data is available
to assess its cost-benefit ratio in the field of skin donor screen-
ing [14]. The percentage of the infected from this cohort is
comparatively high in this study (38.37%). This makes the
burn patients a distinct risk group for HCV infection.
Haemophiliacs

The majority of patients with haemophilia who received clot-
ting factors before the introduction of virus-inactivation meth-
ods and screening tests for anti-HCV in blood banks have
been infected with HCV [15-17]. This group shows high preva-
lence of hepatitis C infection in our study - 96.67%, compared
with such in England - 76.3% and Brazil - 63.3% [16, 18].
Drug users

Extremely risky for infection and transmission of HCV is the
cohort of IDUs. In West Europe the percentage of the infected
with HCV varies from 30% to 98% [19-22], and in USA and Japan
is over 60% [23-27]. The problem is similar in Bulgaria where the

Fig. 1.
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Haemodialysis patients

It is well known that haemodialysis patients are at high risk for
hepatitis C infection. However, there is a wide range in preva-
lence rates in different regions of the world, ranging from 1%
in the UK to more than 90% in Eastern Europe [6]. To a certain
extent, this may reflect the different prevalence of HCV-in-
fected individuals among the general population in these
countries. However, the dialysis process itself and the level of
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rate of the infected is 70%. The spread of hepatitis C is not
untypical for the more experienced IDUs and new cases are
reported even after 25 years of intravenous drug exposure, which
should include this population in the prevention programmes.
New trials indicate that that the focus should be not only on
exchange of needles and syringes but also on the shared use
of drug injection paraphernalia [28]. The reduction of the infec-
tion needs early preventions strategies including more infor-
mation about the risk of HCV transmission among IDUs [28].
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There is an increase of the incidence of the acute viral hepa-
titis C (AVHC) since 2001 in the clinic of infectious diseases in
Plovdiv, Bulgaria. It is due to the growing number of the in-
fected IDUs, which are 46.07% of all cases with AVHC in-
cluded in this trial. They are followed by the group of patients
with unknown way of transmission of HCV - 64 cases or 35.96%,
which is not unusual for several other reports[29, 30]. In Japan
it reaches 35%, in USA - 22% and in France 20%-40% [31-33].
A possible way of transmission in these cases could be by
microlesions when another source of the infection is not found.
The anamnestical data are not always reliable and the use of
intravenous drugs, sexual contacts, etc. are concealed. Un-
confirmed iatrogenic infection is not excluded especially af-
ter instrumental examinations and manipulations [34, 35].

In this study the patients infected with AVHC after blood and
blood products transfusions are rather low in number. Their
rate is 7.87% of all treated with this diagnosis and they were
hospitalized at the early ninetieths or before the era of sero-
logical testing [34, 36]. Though this percentage is not very
high it is necessary to improve the screening methods and
better tests like NAT to be used for its elimination.
Healthcare workers with AVHC were 3.37% of all patients. No
cases of infection after dental manipulations are proved though
there is a sufficient evidence for this way of transmission in the
available literature [37]. Extremely rare only in 2 cases (1.12%)
tattoo and piercing are incriminated without any other prob-
able risk for HCV infection. Transmission of HCV by séxual
contact and vertical transmission are not enrolled in this study,
which is in agreement with the data in the literature that these
are exceptional ways of HCV infection [38, 39].

The prevalent genotype of HCV infection in Thracia region
is genotype 1 [40] and it is predominant for the whole coun-
try as well as in Europe and United States.

The genotyped patients were from the group of these with blood
or blood products transfusion which confirms the data that this
genotype is more common for the parental way of infection.
[41]. Genotype 1b is characteristic for the elder patients and is
eventually associated with advanced liver damage, higher vi-
ral load and histological activity. This suggests earlier infection
with this genotype and eventually higher pathogenicity [42].
In conclusion the cohort of hemophiliacs is at highest risk
for hepatitis C while in the last few years there is an in-
crease of the prevalence of the disease among intrave-
nous drug abusers. The last win the leadership for inci-
dence of AVHC. The risk of posttrasfusion hepatitis C has
significantly decreased and the unknown way of transmis-
sion is in the focus of debate. From 2001 to 2004 the inci-
dence of HCV infection showed rising tendency for both
Thracia region and the whole country.
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SUMMARY

Objectives: To evaluate the presence of gnr genes among entero-
bacterial isolates carrying extended-spectrum beta-lactamases
(ESBLs). Methods: Screening for the gnrA, gnrB and qnrS genes was
carried out by PCR amplification with specific primers in 163 non-
duplicate, clinically relevant ESBL-producing enterobacterial iso-
lates collected between 2000 and 2005. ESBLs from all gnr-positive
isolates were identified by PCR amplification and DNA sequencing.
Pulsed-field gel electrophoresis was used to investigate the clonality
of gnr-carrying isolates. Results: Seven Citrobacter freundii isolates,
each from a different individual, carried gnrB. Among them, 4 had
qnrB17,2 had qnrB10 and 1 had gnrB12. None of the isolates carried
qnrA and gnrS. Among the gnrB17-carrying isolates, 3 possessed
bla_,, ,alone and 1had both bla_,, , .. and bla,, .. The isolates with
qnrB10 possessed bl . The an 12-carry|ng isolate had bla,

1 bla,,, .and bI o onclusions: The prevalence of gnr among
entero?:actenal clinical isolates carrying ESBLs between 2000 and
2005 was low (4.3%). Only gnrB was found and only in C. freundii
isolates dating since 2002. gnrA and gnrS were not detected.

Key words: quinolones, resistance, enterobacteria, ESBLs

Until recently, quinolone resistance was believed to arise solely
from chromosomal mutations in genes encoding target en-
zymes or affecting drug accumulation (1). In 1998, the first plas-
mid-mediated quinolone resistance (Qnr) was reported, in a
Klebsiella pneumoniae isolate (2). Qnr proteins belong to the pen-
tapeptide repeat family and are able to bind to DNA gyrase and
topoisomerase IV, protecting them from the inhibitory activity of
quinolones (3). The first Qnr detected, a protein of 218 amino
acids, was named QnrA. Since then, two more Qnr determi-
nants have been described, QnrB and QnrS, which share 40%
and 59% amino acid identity, respectively, with QnrA. (4).

Qnr has been detected in several members of the Entero-
bacteriaceae family, mainly in K. pneumoniae, Escherichia coli
and Enterobacter spp., in different countries (3). Plasmids
harbouring gnr may also carry extended-spectrum beta-
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lactamase (ESBL) genes (3-5). The aim of this study was to
evaluate the presence of gnr genes among enterobacte-
rial isolates carrying ESBLs in a Bulgarian hospital.

MATERIALS AND METHODS

From January 2000 to December 2005, 163 non-duplicate
clinically relevant ESBL-producing enterobacterial isolates
obtained at a 252-bed oncology hospital in Sofia were ana-
lyzed for the presence of qnr genes. These included 94 E.
coli, 40 K. pneumoniae, 10 Citrobacter freundlii, 7 Enterobacter
cloacae, 6 Serratia marcescens, 2 Klebsiella oxytoca, and 1
each of Enterobacter aerogenes, Morganella morganii,
Providencia rettgeri and Escherichia hermannii. Bacterial iden-
tification was carried out using Vitek 2 (Vitek AMS;
bioMerieux Vitek Systems Inc., Hazelwood, MO).
Susceptibility to antimicrobials was determined by disc diffu-
sion, following the Clinical and Laboratory Standards Institute
(CLSI) recommendations. Suggestive evidence of ESBL pro-
duction was defined as synergy between amoxicillin/
clavulanate and at least one of the following antibiotics:
cefotaxime, ceftazidime, aztreonam or cefepime, and confirmed
by the Etest ESBL strip (AB Biodisk, Solna, Sweden). Nalidixic
acid and ciprofloxacin MICs were determined by Vitek 2 (Vitek
AMS; bioMerieux Vitek Systems Inc). Susceptibility interpreta-
tions were defined according to CLSI-2007 breakpoints. E. coli
ATCC 25922 was used as an antibiotic-susceptible control.
PCR screening for gnr genes was performed on boiled cell ly-
sate of clinical isolates with the Expand High Fidelity PCR sys-
tem (Roche Diagnostics, Penzberg, Germany). The gnrA, gnrB
and gnrS genes were amplified using specific primers and reac-
tion conditions, as previously described (6). All positive results
were confirmed by direct sequencing of both strands of amplicons.
ESBLs of all gnr-positive isolates were identified by PCR amplifi-
cation and DNA sequencing using primers specific for bla,.,
bla,, . bla.,,, bla,, and bla_., ,,, as previously described (7, 8).
Amplification of DNA was performed in a GeneAmp 9600 ther-
mal cycler (Perkin-Elmer, Norwalk, CT). Amplicons were puri-
fied with a QIAquick PCR purification kit (QIAGEN, K.K., Tokyo,
Japan) and sequenced with the CEQ 8000 Genetic Analysis
System (Beckman Coulter, Fullerton, CA). Sequence analyses
and comparison with known sequences were performed with
the BLAST programs at the National Center for Biotechnology
Information (www.ncbi.nim.nih.gov/BLAST).

To assess the genetic relatedness of gnr-carrying isolates,
genomic DNA was isolated and digested with Spel (Bio-Rad,
Hercules, CA). Pulsed-field gel electrophoresis (PFGE) was
performed with the CHEF Mapper System (Bio-Rad) with the
following run parameters: pulses ranging from 5.3 to 34.9 s at
6 V/em for 19.5 h. A 48.5-kb lambda ladder (Bio-Rad) was
used as the DNA size marker. Isolates were considered to
be genetically related if their DNA macrorestriction patterns
differed by fewer than seven bands (9).

RESULTS AND DISCUSSION -

Seven C. freundii strains out of the 163 isolates studied, each
from a different individual, carried gnrB (4.3%). Among the
gnrB-positive isolates, 4 had gnrB17 (GenBank accession
number AM919399), 2 had gnrB10 (GenBank accession num-
ber DQ631414) and 1 had gnrB12 (GenBank accession num-
ber EU273755). No isolate carried gnrA or gnrS gene (Table).
Among the total isolates studied, 20.9% and 24.5% were sus-
ceptible to nalidixic acid and ciprofloxacin, respectively. All
gnr-positive isolates were nalidixic acid-resistant (MIC, >32 mg/
L). For ciprofloxacin, four of the seven gnr-positive isolates
(57.1%) were susceptible (MIC, 1 mg/L) according to the CLSI.

Among the gnrB-carrying isolates, 5 possessed bia,.,, ,alone, 1had
both blag,, s @nd blé,, . and 1had bl .. o bla,,, and bla,, .

No bla,,,and bla,., , were found in any of the gnr-positive isolates.
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Table 1. Characteristics of gnrB-positive Citrobacter freundii isolates

MIC (mg/L)?
Isolates Date of Specimen gqnrgene T ESBL Other resistances ° PFGE
isolation CIP pattern

CF 416 04/02/2002 urine qnrB10 >=32 >=4 TEM-3 Ak Cm Gm Km Nt Su Tc Tm Tp |

CF 612 12/02/2002 urine qnrB10 >=32 >=4 TEM-3 Ak Cm Gm Km Nt Su Tc Tm Tp |

CF 687 15/02/2002 urine qnrB17 >=32 1 TEM-3 Ak Cm Gm Km Nt Su Tm I

CF 1250 19/03/2002 urine qnrB17 >=32 1 TEM-3 Ak Cm Gm Km Nt Su Tm Il

CF 1319 22/03/2002 urine qnrB17 >=32 1 TEM-3 Ak Cm Gm Km Nt Su Tm 1l

CF 1659 08/04/2005 urine qnrB12 >=32 >=4 CTX-M-15 Cm Gm Km Nt Su Tc Tm Tp 1

CF 3821 29/09/2005 urine qnrB17 >=32 1 CTX-M-15 Gm Km Tc Tm \Y

2NAL, nalidixic acid; CIP, ciprofloxacin

b Resistance abbreviations: Ak, amikacin; Cm, chloramphenicol; Gm, gentamicin; Km, kanamycin;
Nt, netilmicin; Su, sulfonamides; Tc, tetracycline; Tm, tobramycin; Tp, trimethoprim.

PFGE analysis of Spel-digested DNA of the gnr-positive isolates
showed that the seven C. freundii isolates had four different
PFGE patterns (Figure and Table). The two gnrB10-carrying
isolates which showed the same PFGE profile had been ob-
tained from different patients who shared the same surgery
ward room. Likewise, three of the gnrB17-carrying isolates had
the same PFGE profile. These isolates had been obtained from
different patients who stayed in the same surgery ward. The
remaining two isolates (no. 1659 and no. 3821) showed a differ-
ent pattern, suggesting a unique clonal background.

Fig. 1. Pulsed-field electrophoresis gel of DNA fragments generated
with Spel from genomic DNA of gnrB-positive C. freundiiisolates.
Lanes M 48.5 kb lambda ladder; line 1, isolate CF 416; line 2, isolate
CF 612; line 3, isolate CF 687; line 4, isolate CF 1250; line 5, isolate
CF 1319; line 6, isolate CF 1659; line 7 isolate CF 3821.

In this work, all gnr-positive isolates were resistant to nalid-
ixic acid. Regarding ciprofloxacin, 57% of the isolates were
susceptible, but showed decreased susceptibility compared
with the antibiotic susceptible control strain. These data agree
with previous reports showing that the presence of gnr does
not necessarily lead to MICs above CLSI breakpoints for
resistance to ciprofloxacin (2). The basis for concern re-
garding the low-level resistance conferred by this mecha-
nism remains the increment this causes in the selection
window to high-level quinolone resistance (3).

Our results differ from those of a recent French study, which
showed that in a collection of 186 ESBL-producing bacteria
obtained from 2002 to 2005 in a hospital in Paris, 2.2% and
1.6% of the isolates carried qnrA1 and gnrS1 (gnrB was not
evaluated), respectively (5). However, our results are similar
to those of a recent report from a Kuwaiti hospital, where
4.7% of 64 ESBL-producing enterobacteria obtained from
2002 to 2004 carried gnrB but none carried gnrA or gnrS (10).

CONCLUSIONS

Our study showed a low prevalence of QnrB determinants
among ESBL-producing enterobacterial isolates and the
lack of detection of QnrA and QnrS determinants in that col-
lection from Bulgaria. Further studies in more heterogeneous
bacterial populations are necessary to comprehensively
assess the prevalence of Qnr and its clinical significance.
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PESTICIDES AND IMMUNITY
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Toxicology clinic, MHATEM ,N. I. Pirogov*, Sofia

SUMMARY

Most pesticides used today are acutely toxic to humans. Pesti-
cides cause poisonings and deaths every year. Acute pesticide
poisonings frequently involve organophosphate pesticides, or
sometimes their close relatives, the n-methyl carbamates. Symp-
toms of organophosphate or carbamate poisoning include blurred
vision, salivation, diarrhea, nausea, vomiting, wheezing, and some-
times seizures, coma, and death.

Many pesticides damage the immune system. The most immedi-
ately noticeable immune reaction to pesticide exposure is an
increase in allergic reactivity, often including multiple chemical
hypersensitivity. People whose immunity is suppressed by pesti-
cides may also be unable to fight off viral infections or may expe-
rience a reactivation of one or more of the herpes viruses. Immu-
nological studies reveal that pesticide-exposure can cause a
decrease in the number of B and Tcells.

Lots of clinical, epidemiological and experimental studies show
reductions or disruptions in cell-mediated, humoral and non-spe-
cific immunity.

Key words: pesticides, human health effects, immunotoxi-city,
immunosuppression, autoimmunity

The US Environmental Protection Agency (EPA) defines a
pesticide as ,any substance or mixture of substances in-
tended for preventing, destroying, repelling, or lessening
the damage of any pest” (49).

A pesticide may be a chemical substance, biological agent
(such as a virus or bacteria), antimicrobial, disinfectant or
device used against pests including insects, plant pathogens,
weeds, mollusks, birds, mammals, fish, nematodes (round-
worms) and microbes that compete with humans for food,
destroy property, spread or are a vector for disease or are a
nuisance. Many pesticides are poisonous to humans.

Since before 2500 BC, humans have used pesticides to pre-
vent damage to their crops. The first known pesticide was
elemental sulfur dusting used in Sumeria about 4,500 years
ago. By the 15th century, toxic chemicals such as arsenic,
mercury and lead were being applied to crops to kill pests. In
the 17th century, nicotine sulfate was extracted from tobacco
leaves for use as an insecticide. The 19th century saw the
introduction of two more natural pesticides, pyrethrum which
is derived from chrysanthemums, and rotenone which is de-
rived from the roots of tropical vegetables (36).

In 1939, Paul Mbller discovered that DDT was a very effec-
tive insecticide. It quickly became the most widely-used
pesticide in the world. However, in the 1960s, it was discov-
ered that DDT was preventing many fish-eating birds from
reproducing which was a huge threat to biodiversity. Rachel
Carson wrote the best-selling book Silent Spring about bio-
logical magnification. DDT is now banned in at least 86
countries, but it is still used in some developing nations to
prevent malaria and other tropical diseases by killing mos-
quitoes and other disease-carrying insects (29).
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Pesticides are specifically formulated to be toxic to living
organisms, and as such, are usually hazardous to humans.
Most pesticides used today are acutely toxic to humans.
Pesticides cause poisonings and deaths every year (28).
Pesticides increased risk of leukemia and cancers (lung,
brain, testicular, lymphoma), increase in spontaneous abor-
tions, greater genetic damage, decreased fertilit, liver and
pancreatic damage, neuropathy, disturbances to immune
systems (asthma/ allergies), increases in stillbirths, de-
creased sperm counts (44).

The main risks for children are cancer: leukemia and brain
cancer, asthma and allergies, polyneuritis with numbness
and pain in lower limbs, altered neurological functioning
and long-lasting neuro-behavioral impairments, birth de-
fects, neurotoxicity, gangrene (tissue death) of the extremi-
ties. Children whose homes and gardens are treated with
pesticides have 6.5 times greater risk of leukemia than chil-
dren living in untreated environments (13, 17, 30, 44).
Acute pesticide poisonings frequently involve organophos-
phate pesticides, or sometimes their close relatives, the n-
methyl carbamates. Symptoms of organophosphate or car-
bamate poisoning include blurred vision, salivation, diarrhea,
nausea, vomiting, wheezing, and sometimes seizures, coma,
and death. Mild to moderate pesticide poisoning mimics gas-
troenteritis, bronchitis, or intrinsic asthma, and even astute
clinicians may not link these symptoms to pesticides (41).
Occupational pesticide poisonings are required to be reported
in California, and there are approximately 1,500 reported cases
per year (301, 401). Efforts to extrapolate to national occupa-
tional pesticide poisonings result in estimates of anywhere
between 10,000 and 40,000 physician-diagnosed pesticide ill-
nesses and injuries annually among agricultural workers (4).
Chronic effects of pesticide exposure may include adverse
effects on neurological function, cancer, reproductive harm,
reduced growth and development, and birth defects (12, 36).
Hundreds of millions of farmworkers, farm households, and
consumers are probably exposed to dangerous levels of
pesticides. Most of these people live in the developing world
and the countries of the former Soviet Union. In many cases,
they are using chemicals with known acute and chronic
toxicity and applying them without adequate safeguards.
Pesticide production is a $30 billion industry, and 62 percent
of sales is in the United States,Western Europe and Japan.
But pesticides are applied intensively in parts of the devel-
oping world and use there is growing more rapidly. The acute
toxicity and possible cancer risks of many pesticides have
led to bans or use restrictions in the U.S. and Europe. Many
of those pesticides are still being produced and used in the
developing world and in the former Soviet Union (45).
Hundreds of millions of people are significantly exposed to
pesticides every day, either directly in farm and garden
use or in residues in water, air and food. Direct bodily mea-
surements of exposure show that even children in rural
areas and infants breastfeeding from exposed mothers can
receive substantial doses (7, 35, 39).

As much as 85 to 90 percent of pesticides applied to agri-
culture never reach their targets, but instead disperse into
the air, soil and water, and into the bodies of nearby ani-
mals and people (38). Farmers and rural residents are im-
mediately exposed, but faraway consumers of agricultural
products and fish are also at risk (48).

Pesticides that accumulate up the foodchain are still used
in many countries. Measurements of the blood, fat and
breast milk of people far from agricultural areas often show
significant pesticide residues and enzyme depletions
caused by certain pesticides. Far in the Arctic, Canadian
Inuits carry as high a concentration of these compounds in
their fat as polar bears and beluga whales do (2, 42).
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The category pesticides includes insecticides, herbicides
and fungicides. Since ,cide” means to kill, it is readily ap-
parent that these agents are lethal to various forms of life -
insect, plants and fungi. That this lethality may also extend
to humans is becoming increasingly apparent especially
in the area of damage to the immune system. Symptoms of a
pesticide-weakened immune system include: skin rashes,
nausea, fatigue, depression, leukemia, frequent infections and
fever. The scientific evidence suggesting that many pesti-
cides damage the immune system is impressive. Animal stud-
ies have found that pesticides alter the immune system’s nor-
mal structure, disturb immune responses, and reduce ani-
mals’ resistance to antigens and infectious agents. There is
convincing direct and indirect evidence that these findings
carry over to human populations exposed to pesticides (45).
The most immediately noticeable immune reaction to pes-
ticide exposure is an increase in allergic reactivity often
including multiple chemical hypersensitivity. People
whose immunity is suppressed by pesticides may also be
unable to fight off viral infections or may experience a
reactivation of one or more of the herpes viruses. Immu-
nological studies reveal that pesticide-exposure can
cause a decrease in the number of B and Tcells. The ratio
of T-4 to T-8 helper cells is often reversed similar to the
immune abnormalities found in AIDS patients (26).

Lots of studies using accepted scientific methods have
shown that many pesticides alter the immune system in
experimental animals and make them more susceptible to
disease. Pesticides have been found to reduce the num-
bers of white blood cells and disease-fighting lymphocytes
and impair their ability to respond and kill bacteria and
viruses. They also alter the development of the thymus and
spleen, key immune organs (19).

Studies have documented these effects for many pesticides
used in this country and worldwide: organochlorines (e.g.,
DDT, lindane, chlordane), organophosphates (e.g.,
malathion, parathion, diazinon), carbamates (e.g., aldicarb,
carbofuran, carbaryl) and others (2,4-D, atrazine, captan).
Most pesticides now on the market have never been ad-
equately tested in the laboratory for immunotoxic effects (45).
Few studies have assessed the impact of pesticides on the
human immune system, partly because such research is
extremely difficult to design and implement. Although most
people are exposed to chronic low concentrations rather
than the high doses used in laboratory tests, no basis ex-
ists for assuming that humans are exempt from risk.
Epidemiological studies from Canada and the former Soviet
Union find that children and adults exposed to pesticides
suffer similar immune system alterations and higher rates of
infectious disease. The risks of pesticide-induced immuno-
suppression are known to be greatest to infants and children,
the aged, people malnourished or chronically ill (1, 8, 50).
The mortality rate from the common infectious diseases,
already by far the biggest killer in developing nations, may
be driven in part by pesticide exposure.

Communicable diseases cause nearly half of all deaths in
the developing world, compared to less than 10 percent in
industrialized nations (8, 50).

Chronic malnutrition, inadequate health services, and poor
sanitation are already serious threats to health. Any addi-
tional impairment of natural immune defenses can kill.

In developing nations, controls over pesticide marketing,
manufacturing, and use are typically weak. Safety precau-
tions are widely ignored. Symptoms of overexposure such
as respiratory trouble, gastric upset, rashes, dizziness,
,nerves” and weakness are usually disregarded or misdiag-
nosed. Doctors in the field found pesticide overexposure

three times as common as farmers themselves reported (14).
Isolated Canadian Inuits who eat mainly fish and marine
mammals heavily contaminated with accumulated pesti-
cides show pronounced immune system deficiencies, par-
ticularly among breast-fed infants and children. Meningitis
and inner ear infections occur at rates 30 times that of Ameri-
can children. Many Inuit babies can’t be vaccinated, since
they don’t produce an antibody response (16, 43).
Tuberculosis has grown dramatically in Central Europe
and the former Soviet Union where chemical pollution is
widespread (8, 50).

Tuberculosis outbreaks are common among immunosup-
pressed groups.

Cotton workers in Uzbekistan had impaired cell-mediated
immunity and suffered higher rates of respiratory, kidney
and intestinal infection than residents of other areas using
fewer pesticides (18, 22).

Children are particularly susceptible to the effects of pes-
ticides on their immune systems. In the agricultural dis-
tricts of central Moldova, where pesticides have been used
heavily, 80 percent of healthy children had suppressed
immunity. Children from these areas were three times
more likely to have infectious diseases of the digestive
tract, and two to five times more likely to have infectious
diseases of the respiratory tract. Workers in pesticide fac-
tories and on farms in the area exhibited elevated rates of
infectious diseases of the digestive, urinary, respiratory,
and female genital tracts (3, 27, 37).

Indian factory workers chronically exposed to pesticides
showed a 66 percent drop in blood lymphocyte levels, but
tested normal after three months’ vacation (20).

A recent plague that killed dolphins in the Mediterranean,
the North Sea and the North Atlantic turned out to be com-
mon viruses to which the animals were normally resistant.
Blood samples from dolphins off the Florida coast showed
the mammals had high levels of pesticide residues, major
viral infections and weak immune systems (25, 46).

Seal pups captured off the relatively unpolluted Northwest
coast of Scotland were fed uncontaminated fish for one
year. Half were then fed herring from the polluted Baltic
sea. These seals developed high bodily concentrations of
pesticides and other organochlorine chemicals and im-
mune system responses a third as strong as in a control
group (6). The herring was purchased from local markets
and had been intended for human consumption.
Pesticides may increase susceptibility to certain cancers
by weakening the immune system’s surveillance against
cancer cells. Autopsies on dead whales from the highly
contaminated St. Lawrence Seaway found high tissue con-
centrations of certain pesticides and PCBs, as well as se-
vere bacterial infections and frequent tumors (5).

Farmers generally have lower risks of cancer than other
men, but have a higher risk for the kinds of cancers found
in immune-deficient patients (those with AIDS and those
taking immuno-suppressive drugs): Hodgkin’s disease,
melanoma, multiple myeloma, leukemia (all cancers of the
immune system) and cancers of the lip, stomach and pros-
tate. Farmers most heavily exposed to pesticides have the
highest relative rates (11, 33, 38, 51).

Some pesticides are linked conclusively to the production
of autoimmune antibodies, attacks of the body upon itself
(10, 32, 34, 47).

Russian research in the cotton, tobacco and vegetable-
growing regions of Samarkand found that people exposed
to organo-chloride and organo-phosphate pesticides har-
bored autoimmune antibodies. Factory workers elsewhere
in Russia showed similar symptoms (40).
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CONCLUSION

Clinical and epidemiological studies of humans who are
occupationally or accidentally exposed to pesticides pro-
vide direct evidence that normal immune system structure
and functions are thereby altered. In general, these find-
ings are consistent with the experimental evidence, show-
ing reductions or disruptions in cell-mediated, humoral and
non-specific immunity.
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SUMMARY

Successful eradication of H. pylori is curative. However, antibac-
terial resistance is the major cause for treatment failure. The
present study focuses on two cases of H. pylori infection in chil-
dren (0.6% of 357 children evaluated since 1996), associated
with strains exhibiting uncommon multi-drug resistance to
amoxicillin, macrolides and metronidazole.
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INTRODUCTION

Helicobacter pylori infection is a chronic and often life-long
infection that is strongly associated with gastritis and pep-
tic ulcers and is a risk factor for gastric malignancy (1). H.
pylori infection is most often intrafamilial and spreads by
oral-oral or fecal-oral transmission (2). The prevalence of
H. pylori infection in children with abdominal complaints
ranges from 10% to 85% and is high in developing and
some other countries (3-5). In Bulgaria, the infection is com-
mon in childhood (6). The children should be a focus of
constant attention in the diagnostics and treatment of the
infection because of the risk for development of peptic ul-
cers and gastric malignancy later in life.

Eradication of the infection leads to clinical cure but is
successful in only 65-90% of cases, and the antibacterial
resistance is the major cause for treatment failure (7). In
children, the primary resistance rates to metronidazole and
clarithromycin have ranged from 16 to 43% and from 9.5 to
28.3%, respectively, in most European countries, and those
of post-treatment resistance are often higher (7-13), (Table
1). Because children are thought to be more frequently
treated by macrolides for respiratory tract infections than
the adults, H. pylori strains from children have often exhib-
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ited higher primary resistance to clarithromycin than those
from adult patients (14). H. pylori resistance to amoxicillin
and tetracycline has been reported rarely and only in some
countries (15,16). Triple resistance to amoxicillin, metron-
idazole and clarithromycin is uncommon in H. pylori. How-
ever, Japanese authors have observed an increase in H.
pylori resistance rates to amoxicillin from 2000 to 2003 (17).
The aim of the study was to draw attention to two H. pylori
positive children whose strains exhibited uncommon multi-drug
resistance to amoxicillin, macrolides and metronidazole.

Table 1. H. pylori resistance to antibacterials in childhood
(7-11,14).

Resistance (%) to Metronidazole
Primary resistance in:

Europe (adults)

Clarithromycin

223 (1.7-23.4) 20-40 (15-41)

Europe (children) 9.5-283 16 - 43
Northern Europe 3.3 30.4
Southern Europe 325 28.7
Eastern Europe 17.5 31.2
Western Europe 18.2 31.6
Secondary Resistance 11.4-23 - 67 31.6 - >50%

MATERIAL AND METHODS

Bacterial strains: Totally, 357 H. pylori strains isolated from
non-treated children with gastroduodenal diseases were
evaluated since 1996. A single antral biopsy per child was
taken. The specimens were transported in Stuart transport
medium (Merck) for <5 h. A smear was prepared from part
of the specimen and was used for modified Gram staining
with carbol fuchsin. A part of specimen was placed in 10%
urea agar medium and the color change was read after
incubation at 35°C for 30 min, 3 h and 24 h. The remaining
part of specimen was homogenized and inoculated onto
Columbia blood agar (Becton Dickinson) with vancomy-
cin 10 mg/L , trimethoprim 5 mg/L , cefsulodin 5 mg/L and
amphotericin B 5 mg/L, and/or 10% sheep blood, and 1%
IsovitaleX. Both selective and non-selective media were
used for primary culture. Plates were incubated
microaerophilically for 3 to 10 days. Identification was made
by Gram staining of the colonies, lack of aerobic growth on
blood agar plates and testing for urease, oxidase and cata-
lase. Strain growth was expressed semi- quantitatively as
follows: sparse density - growth into the 1%t or 1st and 2™
quadrants; moderate - growth into the 3¢ quadrant; and
abundant - growth into all quadrants of the plate.
Antibacterial susceptibility: The antibacterial susceptibility
of the strains was tested by a breakpoint susceptibility testing
(BST). Two drops (about 60 ml) of H. pylori suspensions, pre-
pared in Mueller-Hinton broth (NCIPD) to obtain Mc Farland
standard 3, were inoculated on Mueller-Hinton blood agar
plates (NCIPD) and the following drug concentrations (mg/L):
metronidazole 8, 16 and 32, clarithromycin or azithromycin
0.25, 0.5, 1 and 2, clindamycin 2 and 4, amoxicillin 0.5, 1 and 2,
ciprofloxacin 1 and tetracycline 4. The incubation was per-
formed microaerophilically at 35°C for 48 to 72 h. If no growth
appeared on the plates, the strain was considered as sus-
ceptible to the given concentration of the agent.

Minimal inhibitory concentrations (MICs) of amoxicillin,
penicillin, clarithromycin and metronidazole against the
resistant strains were determined by E test. Mc Farland 3
suspensions in Mueller-Hinton broth were used to flood
Mueller-Hinton blood agar plates. E test strips (AB Biodisk)
were placed on the plates and they were incubated at 35°C
for 48-72 h in microaerophilic conditions. The results were
read according to the supplier's recommendations.

The susceptibility of the resistant strains was also tested by
a modified disk-diffusion method. H. pylori suspensions in
Mueller-Hinton broth (3 McFarland standard), were spread
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onto Mueller-Hinton blood agar plates by sterile cotton
swabs. The plates were briefly dried and disks containing
the following drugs (mg): ampicillin (10), clarithromycin (15),
azithromycin (15), erythromycin (15), clindamycin (2), met-
ronidazole (5), tetracycline (30) and ciprofloxacin (5) were
added. The incubation was performed as above. The di-
ameters of inhibitory zones were measured in millimeters.
The resistance breakpoints (mg/L) were: metronidazole >8,
clarithromycin and azithromycin =1, amoxicillin and penicil-
lin >0.5, tetracycline >4 (18,19) clindamycin >2 and
ciprofloxacin >1. With the modified disk-diffusion method,
strains with inhibitory zone diameters of <16 mm for metron-
idazole (20,21), £22 mm for clarithromycin (Grignon et al.,
2002) and azithromycin, £17 mm for erythromycin (22), and
<30 mm for the other drugs, were considered as resistant.
Statistical analysis: chi-square with or without Yates
correction.

RESULTS AND DISCUSSUION

In our previous study, H. pyloriinfection was detected in 61.7%
of the untreated Bulgarian children with gastroduodenal dis-
eases (6). The infection was common even in the youngest
patients, with about half (51.4%) of the children aged 1-5 years
being H. pylori-positive. The overall infection incidence in
Bulgarian pediatric patients was higher than that (25.6-30.5%)
reported in some European countries and China (23-25).
Primary resistance rates to metronidazole were stable and os-
cillated around 13-16% since 1996. The primary metronidazole
resistance rates in Bulgarian children were less common than
those usually reported in European pediatric patients (14).
The primary clarithromycin resistance exhibited a slight ten-
dency to increase from 10.4% in 1996-1999 to 18.7% in 2005-
2007, (P >0.20) (Fig. 1). The primary clarithromycin resis-
tance rates in Bulgarian children were similar to those usu-
ally reported in pediatric patients from Eastern and Western
Europe. In several countries, the H. pylori resistance has
exhibited a strong tendency to increase (i.e., the
clarithromycin resistance in children in Belgium and Spain)
or has remained still absent or rare such as the resistance to
amoxicillin and tetracycline (7, 9, 10).

20%

Amoxicillin resistance in H. pylori has been observed in
single countries since 1999, (7). In the present study,
amoxicillin resistance was low and occasional and
present only in 1996-1999 and 2003-2004. In Europe, the
resistance to amoxicillin in children was also exceptional
(0.6%), (14). Likewise, the alarming triple resistance to
amoxicillin, metronidazole and clarithromycin was uncom-
mon (0.6% of 357 strains) and found in only two children
over an 11-year period of time.

CASE REPORT NO 1: A 10-year-old girl, living in Sofia with
only her grand-mother and in poor socioeconomic and hy-
gienic conditions, presented to the University Pediatric Hos-
pital, Sofia, with symtoms of epigastralgia. The history of
epigastralgia had started one year earlier. No data about pre-
vious H. pylori eradication treatment were available. Endos-
copy revealed a chronic superficial gastritis. Examination
showed no evidence of other diseases. The rapid urease test
in the hospital was positive only after 48 h incubation.

One antral biopsy specimen was sent to the microbiology
laboratory for examination. Helicobacter- like organisms
were seen on the direct Gram stained smear of the speci-
men. The laboratory rapid urease test was negative after
3 and 24 hour incubation. By culture, abundant H. pylori
growth was observed after three-day incubation on both
selective and non-selective media.

The H. pylori strain exhibited a multi-drug resistance to
amoxicillin, metronidazole and clarithromycin by the BST
and E test. By the E test, the MIC of penicillin was 2 mg/L.
The strain was resistant to azithromycin and clindamycin
by BST. By the disk diffusion method, the inhibitory diam-
eters around the disks with ampicillin, clarithromycin,
azithromycin, erythromycin, clindamycin and metronida-
zole were narrow, ranging from 6 to 12 mm. However, the
strain was susceptible to tetracycline and ciprofloxacin by
the BST and modified disk diffusion method (Table 2).
The girl was treated with metronidazole, ciprofloxacin, a pro-
ton pump inhibitor (omeprazole) and colloidal bismuth
subcitrate for 14 days. Unfortunately, the girl has not presented
to the hospital for evaluating the success of the eradication.
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Figure 1. Primary H. pylori resistance in untreated Bulgarian children in 1996-2007

MTZ = metronidazole, CLA = clarithromycin, AMO = amoxicillin
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CASE REPORT NO 2: A 13-year-old boy, living with his par-
ents in a small village of South-western Bulgaria, was admit-
ted to the University Pediatric Hospital, Sofia, with nausea
and epigastralgia, mainly if fasting and at night. The type of
his parents’ profession was manual. No history of previous
H. pylori eradication treatment was reported. Examination of
the boy showed a coated tongue and epigastralgia. Endos-
copy revealed antral nodularity and duodenal ulcer. Ac-
cording to the laboratory results, the blood values, the uri-
nalysis and the erythrocyte sedimentation rate were normal.
There was no evidence of other diseases.

One antral biopsy specimen was taken from the boy. No
Helicobacter like organisms were seen on the direct Gram
stained smear of the specimen. In the laboratory, the rapid
urease test was negative. By culture, abundant growth of
H. pylori was detected on the selective plate and moderate
growth was observed on the non-selective plate after five-
day incubation. The strain was multi-drug resistant to
amoxicillin, metronidazole and clarithromycin by the BST
and E test, and the MIC of penicillin was 1 mg/L. The strain
was resistant to azithromycin and clindamycin by the BST.
By the modified disk diffusion method, the inhibitory diam-
eters around the disks with ampicillin, clarithromycin,
azithromycin, erythromycin, clindamycin and metronida-
zole were narrow (from 6 to 11 mm). The strain was sus-
ceptible to tetracycline and ciprofloxacin by the BST and
modified disk diffusion method (Table 2).

conditions. Because of poor living conditions, the children
of Turkish nationality living in Germany are at high risk for H
pylori infection (27). In the USA, black race adult patients
are at high risk for H pylori resistance (28). The girl lives
only with her grand-mother and, again, this can be related
with unfavorable living conditions and care. Manual type
of profession of the parents of the boy could be a risk factor
for H. pylori infection. Higher education may be important
for preventing the infection (29).

Multidrug resistant H. pylori strains were found in children with
different places of living (the capital city and a small village).
Multidrug resistance in H. pylori is unusual; however, com-
bined resistance to beta-lactams, nitroimidazoles, and other
agents has been recently reported (30-32). The triple H. pylori
resistance was low but present; although according to Kim et
al. (33), the amoxicillin resistance has not influenced the suc-
cess of eradication. However, the detection of H. Pylori strains
with amoxicillin MIC of 20.032 mg/L could be important be-
cause of the reported decreased eradication success in such
cases according to several authors (34).

The eradication of the infection in the boy required two
consecutive treatment regimens. It may be speculated that
the first therapy decreased the number of viable H. pyloriin
the stomach mucosa and, thus, the second regimen elimi-
nated the remaining and partially damaged bacteria. How-
ever, it is important to stress that the eradication rate of
metronidazole resistant strains is lower (about 75%) than

Table 2. Susceptibility patterns of H. pylori strains with multi-drug resistance from two children

H. pylori strain Case No. 1 Case No. 2

Method for BST” E test MDDM BST E test MDDM
susceptibility (MIC, mg/L) (mg/L) (mm) (mg/L) (mg/L) (mm)
testing to

Amoxicillin R (2) R (2) NA R(1) R (1) NA
Ampicillin NA NA (10) NA NA R (11)
Penicillin NA R (2) NA NA R (1) NA
Clarithromycin R (>2) R (12) R (12) R (>2) R (48) R (6)
Azithromycin R (>2) NA R (10) R (>2) NA R (6)
Erythromycin NA NA R (10/6%) NA NA R (6)
Clindamycin R (>4) NA R (15/6%) R (>4) NA R (6)
Metronidazole R (32) R (32) R (6) R (>32) R (128) R (6)
Tetracycline S (24) NA S (62) S (24) NA S (36)
Ciprofloxacin S (g1) NA S (68) S (21) NA S (38)
" BST- breakpoint susceptibility testing

* MDDM- modified disk diffusion method, #the second values correspond to colonies inside the zone. NA- non-available

The boy was treated by amoxicillin+metronidazole+
omeprazole for 10 days. The control examination was made
one month after the end of therapy. Microbiology evalua-
tion showed negative rapid urease test and Gram stained
smear, and a sparse growth of H. pylori was detected only
on one of the media. Following a second treatment, the
control was made by a stool antigen test and was negative.
Rapid urease test: It is important that the rapid urease tests
of both children were negative after 3 to 24 hour incubation
in the laboratory. This can be due either to the patchy distri-
bution of H. pylori in the stomach mucosa or to the evalua-
tion of only one biopsy per child. The rapid urease test is
cheap, easily accessible and rapid, and does not require
active growth of the bacteria. However, the rapid urease test
can give false negative results in cases of small number of
H. pylorior in treated patients (26). It can be recommended to
evaluate two stomach biopsy specimens per child in order
to optimize the diagnostics of H. pylori infection.

Possible risk factors for resistance: The risk factors for
both H. pylori infection and antibacterial resistance in the
girl can be associated with living in poor socioeconomic

that of susceptible strains (90-97%) and that H. pylori resis-
tance to clarithromycin sharply decreases the eradication
success from 83-95% to 18-40% (1,12,35).

The treatment of the girl involved an unusual regimen for H.
pylori eradication by metronidazole, ciprofloxacin, a proton
pump inhibitor (omeprazole) and bismuth salts for 14 days.
Although quinolones (moxifloxacin and levofloxacin) can
be involved in alternative regimens in cases of combined H.
pylori resistance, the use of ciprofloxacin is not currently
recommended (7,11,35,36). Unfortunately, the success of the
treatment could not be evaluated because the girl was not
presented to the hospital for a control examination.
Suggested treatment combinations: Suggested treatment
combinations for eradicating H pylori infections are: triple
regimens for at least 7 days involving proton pump inhibi-
tors (ranitidine bismuth citrate) + clarithromycin + either
amoxicillin or metronidazole (37). Regimens that have been
usually >80% efficacious in children have been: a two-
week therapy with a nitroimidazole and amoxicillin; a two-
week regimen of bismuth, amoxicillin and metronidazole;
a one- to two-week regimen of a PP, clarithromycin and
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amoxicillin; and a two-week regimen of a PPI, clarithromycin
and metronidazole, (38). In failure of eradication, quadruple
regimen can be used in older children (e.g. proton pump
inhibitors + bismuth subsalycilate/subcitrate+ metronida-
zole + tetracycline) with a success of 67-90%, (37).

Possible regimens for third-line therapy are the sequential
regimens, (39). A 10-day sequential treatment in children
has involved omeprazole+ amoxicillin for 5 days, followed
by omeprazole+ clarithromycin+ tinidazole for the follow-
ing 5 days. H pylori eradication has been detected in 97.3%
versus 75.7% by triple therapy (omeprazole, amoxicillin, and
metronidazole) for 1 week with a good compliance (>95%).
Addition of probiotics to the eradication regimens seems ap-
propriate. In vitro activity of lactobacilli against H. pylori has
been detected, although H. pylori eradication by lactobacilli
has been uncommon (40). At low and increased pH, Lactobacil-
lus delbrueckii subsp. bulgaricus strains inhibited the growth of
38.91t0 88.9% and 27.8 t0 66.7% of H. pyloristrains, (41). Ingestion
of Lactobacillus casei can decrease H. pylori density in gastric
mucosa (42). Moreover, lactobacilli reduce both gastric inflam-
mation and side effects of therapy for H. pylori eradication (43).

CONCLUSION

The resistance patterns in H. pylori are not constant. In the
present study, an alarming triple resistance to amoxicillin,
metronidazole and clarithromycin was found in two chil-
dren. Recently, similar triple resistance has been reported
in 6.8% of 44 Chinese children, (44). Although uncommon,
the multi-drug resistance could hinder the H. pylori eradi-
cation in the affected patients and could slowly increase in
the future. H. pylori eradication associated with multidrug
resistant strains or eradication failures strongly require sus-
ceptibility testing of the isolates and should be handled on
a case-by-case basis by specialists.
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SUMMARY

Obijectives: To determine the prevalence of the fluoroquinolone-
modifying aminoglycoside acetyltransferase-encoding gene
aac(6’)-Ib-cr among enterobacterial isolates carrying extended-
spectrum beta-lactamases (ESBLs). Methods: One hundred and
sixty three non-duplicate, clinically relevant ESBL-producing en-
terobacterial isolates collected between 2000 and 2005 were
screened for aac(6’)-Ib by PCR. aac(6’)-Ib-cr was identified by
sequencing. PCR amplification and DNA sequencing identified beta-
lactamase genes in all aac(6’)-Ib-cr-positive isolates. Pulsed-field
gel electrophoresis (PFGE) was used to investigate the clonality of
aac(6’)-Ib-cr-carrying isolates. Results: Ninety-nine of 163 ESBL-
producing isolates (60.7%) were positive for aac(6’)-Ib including
Escherichia coli (65/94), Klebsiella pneumoniae (21/40), Citrobacter
freundii (7/10), Enterobacter cloacae (1/7), Klebsiella oxytoca (1/2)
and single isolates of Enterobacter aerogenes, Morganella morganii,
Providencia rettgeri and Escherichia hermannii. The aac(6’)-Ib-cr
variant was identified in 52 (31.9% of all) isolates including 47 E.
coli, 2 C. freundii, and 1 each of K. pneumoniae, E. aerogenes and /.
morganii. Among the aac(6’)-Ib-cr-positive isolates, 32 had bla_,
and bla,,, , and 2 had

bia and bl , 16 had bla
bia, c::f bla a'f":, and bIa,E(:,,Tx "the remalmng 2 isolates
hacﬂ‘:}“ é‘ésm. of none of the studied types. PFGE of 47 E.

coli dlgests dnsplayed 30 different patterns, suggesting the limited
importance of clonal spread of aac(6’)-Ib-cr gene. Conclusions:
The aac(6’)-Ib-cr variant was present in various species in the
family Enterobacteriaceae and highly prevalent in E. coli isolates
(50%). The majority of aac(6’)-Ib-cr-carrying isolates co-produced
CTX-M-15 and OXA-1 beta-lactamases. The spread of multiresis-
tant isolates expressing the aminoglycoside- and fluoroquinolone-
modifying enzyme AAC(6’)-Ib-cr together with ESBLs is a worri-
some development requiring continuous monitoring.

Keywords: quinolones, resistance, enterobacteria, ESBLs

Quinolone resistance is traditionally associated with mul-
tiple chromosomal mutations in the genes encoding tar-
get enzymes, efflux pumps or porin channels (1). In addi-
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ESBL - extended-spectrum beta-lactamase; PFGE - pulsed-field
gel electrophoresis; PMQR - plasmid-mediated quinolone
resistance; CLSI - Clinical and Laboratory Standards Institute;
PCR - polymerase chain reaction.

ACCEPTED FOR PUBLICATION: 22.05.2008

CORRESPONDING AUTHOR:

T. Kantardjiev

Department of Microbiology, NCIPD
26, Y. Sakazov Blvd.

1504 Sofia, Bulgaria

Vol. 36, 2008, 1

tion, gnr genes responsible for plasmid-mediated
quinolone resistance (PMQR) have been found in clinical
Enterobacteriaceae (2). In 2006, a new mechanism of trans-
ferable resistance to ciprofloxacin and norfloxacin has
been described: enzymatic inactivation by a variant of
the common aminoglycoside acetyltransferase AAC(6’)-
Ib named AAC(6’)-Ib-cr for ciprofloxacin resistance (3).
The cr variant enzyme reduced modestly the activity of
ciprofloxacin by N-acetylation of its piperazinyl amine but
the presence of the encoding gene, aac(6’)-Ib-cr, in-
creased substantially the frequency of selection of chro-
mosomal mutants upon exposure to ciprofloxacin (3).
Since aac(6’)-Ib-cr has often been reported to be associ-
ated with extended-spectrum beta-lactamase (ESBL)
genes (4, 5), the aim of this study was to determine the
prevalence of aac(6’)-Ib-cr variant among ESBL-produc-
ing enterobacterial isolates in a Bulgarian hospital.

MATERIALS AND METHODS

A total of 163 non-repetitive clinically relevant ESBL-producing
enterobacterial isolates were collected at a 252-bed oncology
hospital in Sofia between 2000 and 2005. These included 94
Escherichia coli, 40 Klebsiella pneumoniae, 10 Citrobacter freundii,
7 Enterobacter cloacae, 6 Serratia marcescens, 2 Klebsiella oxytoca,
and 1 each of Enterobacter aerogenes, Morganella morganii,
Providencia rettgeriand Escherichia hermannii. 1solates were iden-
tified to the species level with Vitek 2 (Vitek AMS; bioMerieux
Vitek Systems Inc., Hazelwood, MO).

Susceptibility to antimicrobials was determined by disc dif-
fusion, following the Clinical and Laboratory Standards In-
stitute (CLSI) recommendations. Suggestive evidence of
ESBL production was defined as synergy between
amoxicillin/clavulanate and at least one of the following
antibiotics: cefotaxime, ceftazidime, aztreonam or cefepime,
and confirmed by the Etest ESBL strip (AB Biodisk, Solna,
Sweden). MIC of ciprofloxacin was determined using Etest
(AB Biodisk). Susceptibility interpretations were defined
according to CLSI-2007 breakpoints. E. coli ATCC 25922
was used as an antibiotic-susceptible control.

PCR screening for aac(6’)-Ib gene was performed on boiled
cell lysate of clinical isolates with the Expand High Fidelity
PCR system (Roche Diagnostics, Penzberg, Germany) us-
ing primers 5-ACTGAGCATGACCTTGCGATGC-3" and 5'-
TTAGGCATCACTGCGTGTTCG-3’ to give a 516-bp product.
PCR conditions were 94°C for 30 s, 54°C for 30 s, and 72°C for
30 s for 30 cycles. All positive results were further analysed
by direct sequencing of amplicons to identified aac(6’)-lb-cr.
ESBLs of all aac(6’)-Ib-cr-positive isolates were identified by
PCR amplification and DNA sequencing using primers spe-
cific for bla,g, ,, bla g, ., blage . blagy, ,, bla.,, blag,,, and bla,
u genes, as previously described (6, 7). Amplification of DNA
was performed in a GeneAmp 9600 thermal cycler (Perkin-
Elmer, Norwalk, CT). Amplicons were purified with a QlIAquick
PCR purification kit (QIAGEN, K XK., Tokyo, Japan) and se-
quenced with the CEQ 8000 Genetic Analysis System
(Beckman Coulter, Fullerton, CA). Sequence analyses and
comparison with known sequences were performed with
the BLAST programs at the National Center for Biotechnol-
ogy Information (www.ncbi.nlm.nih.gov/BLAST).

To assess the genetic relatedness of aac(6)-Ib-cr-carrying
isolates, genomic DNA was isolated and digested with Xbal
(Bio-Rad, Hercules, CA). Pulsed-field gel electrophoresis
(PFGE) was performed with the CHEF Mapper System (Bio-
Rad) with the following run parameters: pulses ranging from
5.31049.9 s at6 V/cm for 20.0 h. A 48.5-kb lambda ladder (Bio-
Rad) was used as the DNA size marker. Isolates were con-
sidered to be genetically related if their DNA macrorestriction
patterns differed by fewer than seven bands (8).
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RESULTS AND DISCUSSION

Ninety-nine out of the 163 ESBL-producing isolates studied
(60.7%) were positive for aac(6’)-Ib gene. These included E.
coli (65/94), K. pneumoniae (21/40), C. freundii (7/10), E. cloa-
cae (1/7), K. oxytoca (1/2) and single isolates of E. aerogenes,
M. morganii, P. rettgeri and E. hermannii. The aac(6’)-Ib-cr
variant was identified in 52 (31.9% of all) isolates including
47 E. coli, 2 C. freundii, and 1 each of K. pneumoniae, E.
aerogenes and M. morganii (Table 1).

Table 1. Distribution of aac(6')-Ib-cr gene among ESBL-producing
Enterobacteriaceae isolates

Total No. of isolates (%) with:
Species isolates
n aac(6)-Ib-crgene  Any aac(6)-Ib gene
E. coli 94 47 (50.0) 65 (69.1)
K. pneumoniae 40 1 (2.5) 21 (52.5)
C. freundii 10 2 (20.0) 7 (70.0)
E. aerogenes 1 1 1
M. morganii 1 1 1
Others” i 0 4 (23.5)
Total 163 52 (31.9) 99 (60.7)

*E. cloacae (n = 7), S. marcescens (n = 6), K. oxytoca (n = 2),
P. rettgeri (n =1), E. hermannii (n = 1)

Forty-three of the 52 aac(6’)-Ib-cr-positive isolates (82.7%)
were ciprofloxacin-resistant, with MICs ranging from 12 to
>32 mg/L, and nine were susceptible to ciprofloxacin
(MICs, 0.047 to 1 mg/L) according to the CLSI. In addition,
78.8% were resistant to gentamicin and 48% to trimetho-
prim-sulfamethoxazole, respectively.

Among the 52 aac(6’)-Ib-cr-carrying isolates, 50 possessed
both bla,,,,,,, and bla., ,. Of these, 2 isolates also carried
bla, .- The remaining two isolates had

SHV-12 and 32 - b/aTEM ;
bla,,, , and ESBL of none of the studied types. (Table 2).

Table 2. Distribution of the aac(6’)-Ib-cr gene according to beta-
lactamases produced by Enterobacteriaceae isolates

No. of aac(6’)-Ib-cr-positive isolates producing:

Species

(n) CTX-M-15, CTX-M-15, CTX-M-15, unknown
OXA-1 OXA-1 OXA-1, TEM-1 ESBL
TEM-1 SHV-12

E. coli (47) 30 13 2 2

C. freundii (2) 1 1

K. pneumoniae (1) 1

E. aerogenes (1) 1

M. morganii (1) 1

Total (52) 32 16 2 2

* unknown ESBL=not of the TEM, SHV, CTX-M, VEB, PER or GES type

The molecular characterization of aac(6’)-Ib-cr-positive E.
coliisolates by PFGE showed great genomic diversity among
them. The 47 isolates gave 30 major patterns showing that
most of these strains were not clonal (Figure).

E12 3 4a4a4b4cdd 5 6a bbbe 7 4e B 6d 6 § 101112133 12 14214015012 13015016417 160181520 21a21b19622 23 24 25 26 27 28 2930

Fig. 1. Pulsed-field electrophoresis gel of Xbal-digested genomic
DNA for 47 aac(6’)-1b-cr-positive E. coli isolates. Numbers designat-
ing PFGE patterns are shown below the gel. Lanes M, 48.5 kb lambda

ladder; lines 1 to 47, E. coli isolates

AAC(6)-Ib-cr, a novel PMQR protein, was first described
in 2006, but is now recognized to be widely disseminated.
This variant of the aminoglycoside acetyltransferase gene
aac(6’)-Ib confers resistance to aminoglycosides (kana-
mycin, tobramycin, amikacin) and low-level resistance to
certain quinolones (ciprofloxacin, norfloxacin). Further-
more, the aac(6’)-Ib-cr carriage could facilitate the selec-
tion of higher level chromosomal resistance mutations
when quinolones are used (3). In this work, most of the
isolates carrying aac(6’)-lb-cr variant were resistant to
ciprofloxacin, probably reflecting its ability to promote
higher level quinolone resistance mutations.

The present study demonstrated a high prevalence of the
aac(6))-Ib gene ( 61%) and its cr variant (32%) among 163
ESBL-producing clinical Enterobacteriaceae, being highest
in E. coli (50%). The reported prevalence of aac(6’)-Ib-cr var-
ies from 14% in ceftazidime-resistant Enterobacteriaceae in
USA, being highestin E. coli (32%), to 51% among multidrug-
resistant E. coli isolates from Shanghai, China (3, 9). The
prevalence of aac(6)-Ib-cr, found in this work, was relatively
high and similar to that reported from Shanghai.

Of particular interest was that the majority of aac(6’)-Ib-cr-
carrying isolates co-produced CTX-M-15 extended-spec-
trum brta-lactamase. E. coli producing CTX-M-15 associ-
ated with aac(6’)-Ib-cr have been described in several re-
ports from different continents (3-5). It seems that the pan-
demic spread of CTX-M-15 plasmids and strains is partly
responsible for the increase in aac(6’)-Ib-cr.

CONCLUSIONS

Our study showed that ESBL-producing isolates with
aac(6)-Ib-cr were present in various species in the family
Enterobacteriaceae and highly prevalent among E. coli iso-
lates in that collection from Bulgaria. The majority of aac(6)-
Ib-cr-carrying isolates co-produced CTX-M-15 and OXA-1
beta-lactamases. The spread of multiresistant isolates ex-
pressing the aminoglycoside- and fluoroquinolone-modi-
fying enzyme AAC(6')-Ib-cr together with ESBLs is a worri-
some development requiring continuous monitoring.
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ABSTRACT

On the basis of free-living Acanthamoeba culbertsoni strain in-
vestigation was made of the invasion, growth, and survival of
reference strain H. pylori CCUG 17874 and 3 clinical isolates of
H. pylori. The interaction of amoebae and bacteria has been
studied by cultivating them in proteose yeast glucose (PYG)
medium and proteose peptone horse serum (PPHS} medium in
microaerophilic conditions and aerobic atmosphere. The sur-
vival of H. pylori in amoebae has been demonstrated by routine
methods of its cultivation. The growth of H. pylori and its survival
in media containing amoebae was found to be considerably
longer for a period of 14 days (period of observation) when
compared with the bacterial cultures which did not contain
amoeba cells. The latter did not survive even an overnight incu-
bation. By immunofluorescent staining of samples from mixed
cultures using H. pylori antisera it was shown that on the fourth
day amoeba cells contained vacuoles filled up with fluorescein
stained bacteria and the bacterial number rose up to 8 -12 day.
In conclusion: The presence of H. pylori in amoeba cells couid
be interpreted as a mechanism of survival in the environment.

Key words: Acanthamoeba culbertsoni, H. pylori, survival

INTRODUCTION

A growing body of evidence in the literature has docu-
mented the intracellular survival of bacteria in free-living
protozoans (8,9,11). Bacterial pathogens that multiply and
survive in amoebae include: Legionella spp., mycobacte-
ria, Vibrio cholerae, E. coli 0157, Helicobacter spp,
Campylobacter (1, 2,3, 6,12, 13).

Helicobacter pylori infection is one of the most common
bacterial infections worldwide. It colonizes about 60% of
the world population. H. pylori causes chronic superficial
gastritis in humans, and infection of this organism predis-
poses the host to the development of peptic ulcer disease
and gastric adenocarcinoma (4,7). The mode of transmis-
sion of infection is not entirely understood. The reservoir of
H. pylori is the digestive tracts of humans and some pri-
mates. There is some evidence for faecal-oral transmis-
sion because H. pylori is shed in the faeces after turnover
of the gastric mucosa, and has been detected in sewage
and water (5,10). Thus the survival of H. pylori suggests the
involvement of environmental factors.

The objective of our study was to follow up the interaction
of H. pylori with free-living amoeba with a view to elucidate
the mechanism of its survival in the environment.
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MATERIALS AND METHODS

AMOEBA. Acanthamoeba culbertsoni strain A-l was used. It
was treated with antibiotics to become bacteria free cul-
ture. The pure amoeba cultures were cultivated in 2% pro-
teose peptone medium with 5% horse serum.
HELICOBACTER PYLORI. Clinical strains of H. pylori 315,
347 and 352 isolated in Military Medical Academy, Sofia,
and the reference strain H. pylori CCUG 17874 were used
for co-cultivation with A. culbertsoni.

CO-CULTIVATION of amoeba with H. pyloriwas done by cultivat-
ing them in proteose yeast glucose (PYG) medium and proteose
peptone horse serum (PPHS) medium. 96-h amoeba cultures
(10* cells/ml densities) were mixed with 72-h cultures of H. pylori
(10" bacterial cells/ml). PYG and PPHS mixed cultures were in-
cubated in microaerophilic conditions (Gas Pak, Campy Pak,
BBL) and aerobic atmosphere at 37°C for 14 days (period of
observation). Minimal medium not containing amoeba inocu-
lated with H. pylori strains served as a control of its survival.
ASSESSEMENT OF BACTERIAL SURVIVAL. The interac-
tion of amoeba and helicobacter, and survival of bacteria
were assessed by plating the mixed cultures onto Brucella
agar (Difco) supplemented with 7% defibrinated sheep blood
(incubation at least 4 days in microaerophilic conditions at
37°C), and by direct immunofluorescence assay.

The samples from mixed cultures were taken at 0 day (im-
mediately after mixing amoebae and helicobacters), and
at 1-st, 2-nd, 4-th, 8-th, 12-th, and 14-th days.

Identification of H. pylori was done on the basis of its typi-
cal colony appearance, the typical morphology of organ-
isms by Gram staining and positive tests for catalase, oxi-
dase and urease.

Immunofluorescent staining. 0.5% formalin was added to
suspensions (amoeba/bacteria) for 24 hiat 37°C followed
by centrifugation and then the sediments were used for
preparations. The slides were fixed on flame and stained
with fluorescent anti-helicobacter rabbit serum by routine
technique. Fluorescence microscope MLD-2 was used for
observation of microscopic preparations.

RESULTS

We have found growth of all strains of H. pylori on Brucella
agar from both experimental and control settings from
platings immediately after mixing the two organisms. After
24h incubation no growth of H. pylori have been found from
the control tubes, and single colonies of H. pylori were ob-
served from the experimental tubes PPHS medium, whereas
grouth from the PYG medium was seen after 4-th day.
Platings on 2-nd and 4-th day of incubation were negative for
H. pylori from both experimental and control tubes. At 8-12-th
day of incubation of mixed cultures (amoeba and

Fig. 1. Non infected amoebae and H. pylori
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Fig. 2. Adherence of H. pylorion the surface of A. culbertsoni

helicobacters) there was a heavy growth of H. pylori on plates
of Brucelfa agar, and no growth from control tubes. We have
found that co-cultivation of amoebae and helicobacters in
PPHS medium resulted in more heavy growth of H. pyloristrains.
By the immunofluorescent staining after 1-2 days co-cultiva-
tion we have observed a lot of bacteria that were out of amoe-

- Fig. 3. Invasion of H. pyloriin amoeba cell

bae (Fig. 1). At 2-4 days of co-cultivation adherence of bacte-
ria onto amoeba surfaces was demonstrated (Fig. 2). At 8-th
day we have observed a invasion of helicobacters in amoeba
cells (Fig. 3) manifested by single fluorescent vacuoles whose
numbers has increased at 12-14-th day (Fig. 4). In this period
destructed amoeba cells have also been observed (Fig. 5).

Fig. 4. Fluorescent vacuoles filled up with H. pylori

Fig. 5. Destructed amoeba cells

DISCUSSION

The results obtained from us show that the interaction of H.
pylori with amoeba is a dynamic process in which the ini-
tial phase (2-4-th day) is characterized by decreasing num-
ber of bacteria to theirs full disappearance or probably tran-
sition to non-culturable forms. From 8-th to 12-th day in pres-
ence of amoeba we have observed reappearance of H.
pylori and its growth on Brucella agar.

The data from immunofluorescent assay show that H. pylori
adhere to amoeba surfaces followed by phagocytosis and
presumably bacteria develop in phagosomes and cause de-
struction of amoeba cells in some cases. More details in this
respect could be obtained by electron microscopy studies.
Our results show that H. pylori survived in A. culbertsoni for
14 days (period of observation). It is well known that some
bacterial pathogens multiply and survive in amoebae
(1,2,3,6,12,13). In the literature reviewed we have found but
one report concerning survival of H. pylori in free-living
amoebae (13). In this article we report successful co-culti-
vation of H. pylori with A. culbertsoni. Our results confirm
survival of H. pylori within Acanthamoeba spp.

In conclusion the ability of H. pylori to remain viable in
the presence of free-living amoebae could be interpreted
as a mechanism of survival in the environment. If this is
true it may turn out that free-living amoebae are potential
vectors for the spread of H. pylori.
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ABSTRACT

Development of ELISA tests with recombinant antigens is a new
stage in improving serological diagnosis of Lyme brreliosis, es-
pecially in terms of its specificity. Major B. burgdorferi proteins
that induce immune response OspA and OspC (outer surface
proteins) were cloned. OspA and ospC genes were amplified from
genomic DNA of B. burgdorferi sensu stricto strain B31 using
specific, especially designated for the purpose, primers. Each
gene was integrated in the plasmid expression vector pGEX-2T.
DNA constructs were used to transform E. coli strain DH5 6. Speci-
ficity of the obtained proteins was confirmed by specific anti-
OspA and anti-OspC monoclonal antibodies in immunoblot.

Key words: Borrelia burgdorferi, Lyme borreliosis,
recombinant proteins

INTRODUCTION

Lyme borreliosis is the most common tick-borne infection is USA
and Europe. Since clinical manifestations are not specific, Lyme
borreliosis is included in differential diagnosis of various other
disorders. The only exception is erythema migrans, which is
typical for early Lyme disease. Serological confirmation is re-
quired for all other clinical presentations of the disease.
Reliable diagnosis is essential to ensure adequate treatment of
patients with Lyme borreliosis as well as to exclude this diagno-
sis in patients with other illnesses. Currently, routine diagnosis
of Lyme borreliosis is serological and relies on immunoenzyme
(ELISA) and immunobilot tests. First generation ELISA tests,
based on whole-cell antigens, show high-rate false positive
reactions because of cross-reacting antigens (1,2). Second
generation ELISA tests, based on purified or recombinant B.
burgdorferi antigens, are now introduced. However, still diag-
nostics of Lyme borreliosis is far from being perfect.
Investigations on some highly specific B. burgdorferi antigens
gave encouraging results (1,5-11)."Unfortunately, immune re-
sponses in patients, infected with B. burgdorferi, vary signifi-
cantly and even some key antigens are not always expressed
and detected immunologically (1). This causes problems for
serological testing by ELISA tests with recombinant antigens.
The question now is which antigens in what combination will
ensure the best diagnosis of Lyme borreliosis.

OspC is among the major B. burgdorferi antigens that elicit
early immune response against all three Borrelia species
(B. burgdorferi sensu strico, B. gariniiand B. afzelii) (5, 6, 8, 9,
12, 13). OspC is responsible for dissemination of borreliae
in the tick and establishment of the infection in patients.
Boreliae without OspC are not able to infect mice (14). OspC
is a virulence factor for B. burgdorferi.
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OspC is very polymorphic - 21 major groups have been iden-
tified according to its sequence homology. It is assumed,
that selective pressure of the immune system is directly re-
sponsible for the OspC polymorphism (17,18). Interestingly,
only a few OspC groups have been detected in dissemi-
nated Lyme borreliosis (A, B, C, D, I, K, N). Over 80% of these
infections are due to the OspC groups A and K.

OspA is also a major B. burgdorferi antigen but, in contrast
to OspC, it is expressed during late Lyme borreliosis. When
OspC is expressed, OspA is repressed (early stage) and
when OspA is expressed, OspC is repressed (late stage).
Amount of antibodies to OspA directly correlates with severity
and duration of Lyme arthritis - as higher is antibody level as
more severe and with longer duration will be the arthritis (1).
It is clear, that each of B. burgdorferi antigens posses specific
advantages and disadvantages. That is why, neither one could
be used solely for serological diagnosis. Opportunities for
improvement of diagnostic specificity and sensitivity are hid-
den in proper combination of recombinant protein antigens.
Our goal in this study was cloning, expression, purification
and proving of major immunodominant B. burgdorferi pro-
teins - recombinant OspC and OspA.

MATERIALS AND METHODS

Genome DNA isolation from Borrelia burgdorferi
Genome DNA from B. burgdorferi was isolated by phenol
extraction using a standard procedure (19) or with a DNA
extraction kit (Genomic Prep Cells and Tissue DNA Isola-
tion kit; Amersham Biosciences).

Polymerase Chain Reaction (PCR) and E. coli DH56
transformation i

Amplification of ospA gene from Borrelia burgdorferi was
carried out using primers designed in accordance with the
sequence published under the accession number X85739
in the NCBI nucleotide database and were as follows FospA
ATGAAAAAATATTTATTGGGA and RospA TTATTTTAAA-
GCGTTTTTAATT. The reaction mix contained 20ng ge-
nome DNA, 200nM of the forward and reverse primers,
200mM of the four deoxynucleotides, 1.8mM MgCl,and 1.25
U Pfu DNA polymerase (Fermentas).

The amplification program used was as follows: initial DNA
denaturation at 95°C for 10 min, 30 cycles of denaturation at
95°C for 1.5 min, primer annealing at 61°C for 2.5 min. and
product elongation at 72°C for 2 min as well as final elonga-
tion at 72°C for 10 min. The PCR reactions were carried out
on Techne Thermal Cycler PHC-1A. The presence of the
amplification product was confirmed by analytical electro-
phoresis on a 0.8% agarose gel run in 0.5x TBE buffer.
Amplification of ospC gene from Borrelia burgdorferi was
carried out using primers designed in accordance with the
sequence published under the accession number AF500203
in the NCBI nucleotide database and were as follows FospC
ATGAAAAAGAATACATTAAGTG and RospC AATAATATT-
GATTTTAATTAAGGG. The reaction mix was identical with
those used for ospA amplification but instead of 1.8mM MgCl,
4mM were used. The amplification program used differed
from those described for ospA only in terms of temperature
of primer annealing - 48°C and time for product elongation
-1 min in each cycle.

The obtained by PCR DNA fragment was subjected to 5’
and 3 end digestion with the restriction endonucleases
BamH| and EcoRl (10U/ml; Fermentas) and was cloned in
the plasmid vector pGEX-2T (Amersham Biosciences). The
PGEX-2T vector contains a gene for Glutathione-S-trans-
ferase (GST) upstream of its multiple cloning site. Successful
ligations have led to recombinant GST-ospA and GST-ospC
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fusion genes formation. The resulting DNA constructs were
used for transformation in E. coli strain DH56. Ligations of
ospA and ospC in the multiple cloning site of pGEX-2T and
the correct orientation of the genes were confirmed by re-
striction fragment analysis following digestion with BamHI-
Pstl and Xbal-Pstl, respectively.

Expression and Western blotting of the recombinant GST-
OspA and GST-OspC fusion proteins

Expression of ospA and ospC in transformed E. coli DH56
cells was induced with TmM IPTG (isopropyl-B-D-
thiogalactopyranoside). The transformed cells were culti-
vated in LB medium at 37°C. Cultivation was continued to
an OD,, = 0.7 - 0.9 and after addition of 1mM IPTG was
extended for a further two hours. The cultures were centri-
fuged and the cells were lysed by sonication after addition
of 5mM PMSF (phenyl-methyl-sulfonyl-fluoride). The bac-
terial lysates were analyzed on SDS-PAGE with a 12.5%
running gel and 3.5% concentration of the stacking gel (20).
A uniformly prepared bacterial lysate from E. coli DH56
cells transformed with the native pGEX-2T plasmid was used
as an internal control. The gel was stained with Coomassie.

Purification of GST-recombinant proteins

Transformed E. coli DH5a were cultivated in 20ml Luria-
Bertani medium containing 100mg/ml ampicillin until QD
reached 0.5-2. Expression of the fusion proteins was induced
by 1 mM IPTG for further 2 hours. The cultures were centri-
fuged for 10 min at 4°C, 5000 rpm. The cell pellets were resus-
pended in 50ml/ml ice-cold 1xPBS buffer. The cells were
sonicated after adding 5mM PMSF and centrifuged at 10 000
rpm for 30 min at 4°C. Purification of the fused proteins was
conducted using columns containing 50% Glutathione
Sepharose 4B resin (Amersham Biosciences). The super-
natants were poured into the columns, incubated on ice and
centrifuged 5 min at 4000 rpm. Using a buffer, containing
10mM reduced glutation and 50mM Tris-HCI, H=8.

Confirmation of recombinant proteins by immunoblot

Bacterial lysates were precipitated with 20% TCA (trichlo-
roacetic acid) for one hour on ice and after centrifugation
the protein pellets were washed in an ethanol/ether 1:1
solution and dried. The pellets were suspended in ddH,O
and analyzed with 12.5% SDS-PAGE. The proteins were
transferred to a sheet of a nitrocellulose membrane. The
immunoblot was carried out using a 200mM PBST washing
buffer containing 50mM phosphate buffer with pH=8.5,
200mM NaCl and 0.05% Tween 20. Blocking was performed
with PBST containing 0.5% Tween 20 followed by incuba-
tion with 3% albumin for one hour at 37°C. The immune
reactions were performed with monoclonal mouse antibod-
ies, kindly provided by Prof. Wilske (Max von Pettenkofer
Institut, Munich, Germany): 1F11 - anti-OspA antibody (di-
luted 1:50) and 1F8 - anti-OspC (diluted 1:50) and a HRP
conjugated anti - mouse rabbit IgG (diluted 1:1600). The se-
quential incubation with both antibodies was held at 37 °C
for one hour. The substrates for the reaction catalyzed by

the peroxidase were o-Dianizidine dihydrochloride 40mg/ .

100ml and Na-nitropruside 100mg/ml (Sigma).

RESULTS .

Major B. burgdorferi proteins, involved in the immune re-
sponse of the organism, were cloned.

OspAand ospC genes were amplified by PCR using genome
DNA from B. burgdorferi sensu stricto strain B31 using spe-
cifically designed primers. The primers contained at their 5™
end restriction site of BamH, and at the 3"-end - the restric-
tion site of EcoRl. After digestion with both these restrictases,

the resulting product was cloned into the multiple cloning
site of the pGEX-2T expression vector downstream of the
GST gene. The successful construction of the recombinant
plasmid pGEX-2T - GST/OspAand pGEX-2T - GST/OspC was
confirmed by agarose electrophoresis (Figure 1, lanes 2-4).

Fig. 1. Plasmid DNA agarose electrophoresis
Plasmid DNA was isolated from transformed E.coli DH56 and run on a
0.8% agarose gel in 0.5x TBE buffer. The resulting bands were
visualized with ethidium bromide. Lane 1 and 5 - native pGEX-2T
expression vector; lane 2 - pGEX-2T-GST/flaB plasmid; lane 3 -
pGEX-2T/OspA plasmid; lane 4 - pGEX-2T/OspC plasmid

Expression of ospA and ospC in recombinant E. coli DH56
was induced by adding IPTG (isopropyl-s-D-thiogalacto-
pyranoside). After induction, the whole cell lysates were
examined on SDS-PAGE for the presence of the recombi-
nant GST-OspA and GST-OspC fusion proteins. Figure 2
presents SDS gel - electrophoresis of protein lysates E. coli
DH56 transformed with an empty pGEX-2T vector and with
the pGEX-2T/OspA n pGEX-2T/OspC constructs after in-
duction with IPTG.

OspA and OspC recombinant proteins were purified from
glutation-S-transferase and transferred to a nitrocellulose
membrane for confirmation by monoclonal antibodies in
immunoblot. Fig 3 demonstrates results of the immunobloting
of the two recombinant proteins by anti-OspA and anti-OspC
monoclonal antibodies. Results of the immunoblots con-
firmed specificity of the recombinant proteins.

~55KD -

OspA  ~40kD i - OspC

~35kD

Fig. 2. SDS-PAGE Coomassie staining of cell lysates from E.coli
DH56 transformed with the native pGEX-2T vector and the pGEX-2T/
OspA and pGEX-2T/OspC constructs after IPTG induction.

M - Molecular weight marker; Lanes 1, Aand B cell lysate from E. coli
DH56, transformed with the native pGEX-2T vector; Lane 2, A - cell
lysate from E. coli DH56, transformed with pGEX-2T-GST/OspA. Lane
2, B - cell lysate from E. coli DH56, transformed with pGEX-2T-GST/
OspC. New protein bands in the OspA and OspC resp. expressing
transformants are clearly visible (arrow)
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DISCUSSION

Introduction of ELISA tests with recombinant B. burgdorferi
proteins noted substantial progress in development of sero-
logical diagnosis for Lyme borreliosis. Initial application of
whole bacterial cells as antigens for ELISA has led in many
cases to false positive results. B. burgdorferi cells integrate
various antigens but not all of them are specific. Some of the
immunodominant proteins are quite similar to structures in
relative and even in unrelative microorganisms. That is why,
it is important to use only specific B. burgdorferi proteins as
antigens for the serological tests. This was achieved by de-
velopment of ELISA tests with recombinant B. burgdorferi
proteins. Aplication only of the specific poteins reduced sen-
sitivity of the newly developed tests since some antigens,
even not specific, are strong immunogens and could not be
omitted. For example, flagellin is very similar with flagellar
antigens of many microorganisms but antibody response
against the flagellin develops in very early Lyme borreliosis.
The question is which B. burgdorferi antigens would assure
maximal diagnostic success. Currently, efforts of investiga-
tion groups are directed towards discovering B. burgdorferi
antigens that are not expressed or are minimally expressed
during in vitro cultivation but that are strongly involved in
develolepment of humoral immune response of the patient.
Examples for such antigens are VISE and DbpA. Both anti-
gens are strong immunogens but antibodies could not be
detected by whole-cell B. burgdorferi antigens.

As a first step in developing a second generation ELISA tests
for serological diagnosis of Lyme borreliosis in Bulgaria, we
cloned and expressed in E. coli major protein antigens of B.
burgdorferi- OspA and OspC. It is well known that OspC is the
main antigen recognized in early Lyme borreliosis. OspC plays
the main role in establishment the infection in the host. During
the later stages of the diseases, expression of OsC is re-
pressed but those of OspA is derepressed, antibodies to flagel-
lin are continuosly detected in all stages of the disease.

Specificity of the obtained recombinant proteins was proven
by monoclonal antibodies. Existence of additional bands on
immunoblot strips is most probably due to degradation prod-
ucts of the proteins as they were detected only by mono-
clonal antibodies but were abscent in transformed with an
empty vector E. coli. Schulte-Spechtel et al (21) also de-
tected similar bands and proved that they are specific by
appearing of immune reaction only with the specific serum
but absence of reactivity with serum against E. coli.

The produced this way proteins could be used as antigens
for ELISA or immunoblot. Besides diagnostic goals, they
could be applied for investigations of antibody response
during B. burgdorferiinfection as well as for studies on patho-
genesis of Lyme borreliosis.
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SUMMARY

Candida spp. are ubiquitous yeasts, which is known as a most
frequent causative agents of systemic fungal infections in hu-
mans. Systemic candidosis is life-threatening infection which
occurs in severely immunocompromised individuals, and most of
the cases have an lethal outcome. The rapid detection and iden-
tification of Candida spp. in clinical laboratories are extremely
important for the management of patients with systemic
candidosis. The routinely used culture and immunological spe-
cies identification are time-consuming and lack the required sen-
sitivity and specificity. Molecular methods for diagnostics of sys-
temic candidiasis are mostly PCR-based and use serum or blood
specimens. However, there are many issues due to insufficient
sensitivity of the method, and the occurrence of false-positive
results. In this study we developed conventional PCR - based
diagnostic method, using universal primers for detection of /LCan-
dida spp. in serum specimens, which significantly improves the
sensitivity of such methods, without any false-positive results.

Keywords: Candida, candidemia, universal fungal primers,
polymerase chain reaction (PCR), transitory fungaemia

INTRODUCTION

Under natural conditions Candida sp. are saprophytic yeasts.
Some of the species are known as commensals of human
skin and gastrointestinal tract. Some of the species are patho-
genic in immunosuppressed host and are the most common
causative agents of life-threatening invasive mycoses.
Among the patients on highest risk are neutropenic indi-
viduals, patients on immunosuppressive or broad-spectrum
antibiotic therapy, solid organ transplants (1).

Invasive candidosis progresses rapidly and has unspecific
simptomatics. For treatment fluconazole and ampthotericin
B are used, but newer broad-spectrum azoles (voriconazole
and itraconazole) and newly introduced echinocandins
(caspofungin and micafungin) currently are the most effec-
tive drugs. Although newer drugs were introduced, there is
increasing number of drug-resistant Candida albicans iso-
lates due to continuous treatment or prophylaxis with am-
photericin B and fluconazole. Other species, such as C.
krusei are inherently resistant to fluconazole; C .glabrata and
C. rugosa develop resistance during the treatment (2).
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Epidemiological data shows that in Bulgaria for the period
1997-2003, Candida spp. are the fifth most commonly iso-
lated species (4,3 %) from haemocultures (4).

Rapid and proper diagnostics is of critical importance for
initiating of antimycotic therapy. Routinely used methods
for diagnostics of invasive candidosis are based on mor-
phological and cultural examination of isolated microor-
ganism, and lack rapidness and precision (3).

For rapid detection and identification of the causative
agent, diagnostic methods for detection of Candida - spe-
cific DNA in blood and serum were developed (5, 6). Poly-
merase chain reaction, based on genus-specific fungal
primers was developed (7), as well as Candida albicans-
specific and universal fungal primers in combination with
species-specific probes (8, 9). Newer publications demon-
strate the potential of Real-Time PCR for diagnostics of in-
vasive candidosis in blood or serum, as well as for species
identification in cultures. (10,11).

In the present work, we investigated the potential of PCR as
method for rapid detection of invasive candidosis, in order
to improve the diagnostics and therapy of such kind of infec-
tions. The main goal of the study was development of univer-
sal fungal primers-based PCR-assay for detection of Can-
dida-specific DNA in blood or serum. The assay allows iden-
tification of six of the most-common species, causing inva-
sive candidosis: Candida albicans, C. parapsilosis, C. glabrata,
C. krusei, C. guilliermondii, C. lusitaniae. Although Candida
albicans, C. parapsilosis and C. guilliermondii are usually sus-
ceptible to treatment with fluconazole, C. lusitaniae is intrinsi-
cally resistant to amphotericin B. C. glabrata and C. krusei
isolates are commonly resistant to azoles, but are suscep-
tible to voriconazole and amphotericin B.

MATERIALS AND METHODS

Referent strains

The following referent strains were used: Candida albicans
ATCC 22019, C. krusei ATCC 6258, C. parapsilosis ATCC
22019, C. glabrata ATCC 90030, C. guilliermondii 40201, C.
lusitaniae 40205. The strains were lyophilized, and in order
to DNA extraction, were sub cultured on Sabouraud dex-
trose agar media (SDA) (BBL, Division of Becton Dickinson,
Cockeysville, MD,USA), at 25° C / 24 hours. Clinical strains
isolated for haemocultures were sub cultivated on SDA
under the same conditions and preserved on Skimmed
milk media at - 20° C in freezer.

Clinical materials

Eight to ten ml blood samples from 21 patients with clinics
of sepsis and underlying diseases, were obtained and
haemoculture bottles were inoculated (BacT/Alert®,
Becton-Dickinson, USA). The bottles were cultivated at 35-
37° C for 5 days, or when positive. Microorganisms from
positive haemocultures was sub cultivated on SDA and
pathogens species were identified by using automated bio-
chemical systems VITEK® 2 (Bio Merieux, France) and API
20 C (Bio Merieux, Hazelwood, MO,USA).

Additionally, 5 ml blood samples were obtained from the
patients (2 ml-samples from children) which transported by
using EDTA-coated Vacutainer® tubes (Becton-Dickinson,
MD,USA). Serum was separated by centrifugation at 10
min./2000 rpm and stored at - 20° C.

DNA extraction

DNA extraction from cultured yeast cells was performed by
using GenomicPrep® Cells and tissue DNA Isolation Kit
(Amersham Biosciences, Little Chalfont Buckinghamshire,
UK) in accordance to the instructions of the manufacturer.
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DNA extraction from serum samples was performed by
using PureExtreme® Genomic DNA Purification Kit
(Fermentas Life Sciences, Lithuania) according to the
manufacturer’s instructions.

Extracted DNA samples in both cases were diluted in 30 ul 10
mM TE-buffer (Tris - EDTA, pH 8.0) and were stored at - 20° C.

Primers and polymerase chain reaction (PCR)

Fungal universal primer pair ITS1 (5-TCCGTAGGTGAA-
CCTGCGG-3) and ITS2 (5-GCTGCGTTCTTCATCGATGC-
3) (12) were used. The selected primer pair is capable of
amplifying part of both 18S r DNA and 28S r DNA genes,
including the internal transcribed spacer region 1 (ITS1).
The primers were produced by LKB® GmbH, Austria.
Polymerase chain reaction was performed in 0.5 mL thin-
walled tubes (Greiner Co., Germany) in total volume of 40
uL and master mix consisting of 1 X PCR buffer, 1 U Taq
DNA polymerase, 2 pmol each of ITS1 and ITS2 primers,
and 0,2 mM each of dNTPs.

All the reagents used were produced by Invitrogen Corpo-
ration, Carlsbad CA, USA.

The reaction was carried out in PCR thermocycler
(GeneAmp® PCR system 9700, Applied Biosystems®, Fos-
ter City, CA, USA) under the following conditions: denatur-
ation at 94° C for 40 s, hybridization at 66° C for 40 s, primer
extension at 72° C for 1 min, as well as initial denaturation
at 95° C for 3 min and final extension at 72° C for 5 min. Best
results was achieved when the reaction was performed for
40 cycles using both referent culture and serum DNA.
PCR products were separated by using agarose gel-electro-
phoresis (13), visualized under UV-light and photographed,
and for amplicon identification 50 bp DNA-ladder was used
(Fermentas Lifesciences, Lithuania).

In order to avoid contamination, recommendations of Kwok
and Higuchi were observed (14). Master-mix was prepared
in room, physically separated from the room where the PCR
and DNA exiraction was performed. Appropriate negative
control samples containing DNA extracted from serum
samples obtained from healthy individuals were used.

RESULTS

PCR of serum samples and comparison with results from
cultural examination

The results from comparative PCR analysis of serum
samples and clinical isolates are presented on Fig. 1-4.
Clinical data of the patients are presented in Table 1.

By using ITS1-ITS2 primer pair DNA fragments with spe-
cies-specific molecular weights 147 bp (C. lusitaniae), 182
bp (C. krusei), 218 bp (C. albicans), 228 bp (C. parapsilosis),
246 bp (C. guilliermondii), 485 bp (C. glabrata) were gener-
ated after PCR amplification.

Any of the serum samples obtained from healthy individu-
als were positive after PCR analysis.

From 21 patients with signs suspicious for invasive mycosis,
17 were with positive haemocultures. Species identification
was determined by using automated biochemical systems
VITEK 2 and API 20 C, as well as by PCR. Results obtained by
the two groups of methods were identical in 100 % of the
isolates tested. Comparative PCR test of serum and cultural
DNA samples showed identical results in 16 of 17 (94%) pa-
tients with positive haemocultures. At the same time analy-
sis of serum and cultural samples showed different DNA
fragments in only one of the cases, where in serum sample
Candida albicans-specific DNA fragment was detected, and
in the culture sample was detected C. glabrata - specific
DNA. At the same time, in 4 of the patients, where haemo-
culture bottles remained negative PCR analysis of serum

samples detected Candida specific DNA. In two of these
patients Candida guilliermondii - specific DNA was detected,
and in the other two - DNA specific for C. parapsilosis.

In summary, 17 from 21 haemoculture bottles from patients
suspicious for invasive mycosis, became positive after culti-
vation and sub cultivation of the pathogen was possible. When
tested with PCR, in 16 of the cases DNA fragments from serum
sample was identical to those from the clinical yeast isolates.
In 4 of the cases where the inoculated haemocultures re-
mained negative and performing of biochemical tests was
impossible, PCR successfully detected Candida - specific DNA
when respective serum samples were tested.

DISCUSSION

In present study PCR-based assay for diagnostics of invasive
candidosis was developed and proposed. The assay is based
on universal fungal primers and allows identification of six of
the most important pathogenic Candida species. The diag-
nostic potential of the method was proved by examination of
clinical isolates, serum samples and referent Candida strains
as a positive controls. We were used a primer pair that flanks
the genes, coding ribosomal DNA in fungi (r DNA genes).
Independently of that there are many diagnostic studies,
based on other molecular markers (15, 16), r DNA - based
assay is much more appropriate. Because of fact that fungal
r DNA genes are presented in many copies (40-100) per hap-
loid genome (16), PCR - assays based on multicopy target
sequences are more sensitive than those based on single-
copy targets (15, 16). Additionally, in fungi an variable ITS1
and ITS2 (internally transcribed spacer) regions are located
between the highly conserved r DNA genes, which allows
amplicons with different length and determines good speci-
ficity of the method. Some of the diagnostic assays described
include post-amplifications stages such as restriction-enzyme
treatment (17, 18), using of radioactively- or fluorescently-la-
beled species-specific probes (5, 19, 20, 21), and sequencing
(22). Most of the assays listed require additional time for hy-
bridization and use radioactive isotopes for DNA labeling.
Unlike many other methods, our assay require only 6-8 hours
and does not include post-amplification stages or using of
radioactive substances, and allows rapid identification of six
clinically important Candida sp.

Blood samples from 21 patients suspicious for invasive
mycosis were obtained and haemocultural bottles were
inoculated (Table 1). In 17 of the cases blood cultures
were positive and sub cultivation and identification of
fungal isolates was performed by cultural methods and
proposed PCR method. All 17 clinical isolates were suc-
cessfully identified by both PCR and cultural methods,
and the results were identical in 100%. When compared
to serum PCR, DNA fragments in 16 from 17 serum
samples (94%) were identical to those from clinical iso-
lates (Fig.1-3). In only one of the cases (isolate 328) PCR
of the serum sample resulted in DNA fragment, specific
for C. albicans, while PCR of the clinical isolate showed
Candida glabrata - specific DNA fragment. Such differ-
ences occur frequent and it is thought that they arise
from so called transitory fungaemia - the strain which
initially causes fungaemia is consequently removed by
another strain or species which has become resistant
during the applied antimycotic therapy (if any), or just
the second strain or species is more adaptable than the
initially occurring one (23,24). Because of that, the lack
of consistence in this case was not accounted as a mis-
take or disadvantage of the proposed method.
Electrophoresis in agarose gel with concentration 3 % was
performed in order to achieve optimal separation of PCR
products with similar molecular weights.

29




PCR as a method...

Table 1.
Ne of Laboratory Ne Patient Age Underlying disease Microorganism, isolated
the sample from haemoculture
1 637 d P 47 Pneumonia C. albicans
2 122 P.X. 43 Pancreatitis C. albicans
3 328 N.T. 45 Postgastrectomia C. glabrata
4 539 B.B. 51 Cerebral insult C. albicans
5 168 T.. 23 Sepsis C. parapsilosis
6 308 n.n. 36 Thoracic contusion C. parapsilosis
7 297 nu. 40 Traumatic shock C. parapsilosis
8 4486 n.a. 39 Sepsis following liver transplantation C. krusei
9 406 [.B. - Fetal infection C. albicans
10 190 AH. 35 lleuses C. albicans
1 129 n.3. 49 Ceccal carcinoma C. albicans
12 85 nr. 35 Valve prosthesis endocarditis C. albicans
13 213 P.J. 29 Sepsis C. albicans
14 407 O.H. - Fetal infection C. albicans
15 830 rn 47 Sepsis C. parapsilosis
16 790 AT. 55 Pancreatitis C. parapsilosis
17 5783 A.B. 39 Traumatic shock C. parapsilosis
18 10785 B.H. 44 Sepsis ¢
19 10124 C.C. 28 Thoracic contusion -
20 10022 L. 30 Sepsis -
21 5784 3] B 42 lleuses -
Ampilification of DNA from healthy serum samples remained Mia 1 528085 0506uiaT 38129 10,1132, 13 14,415

negative in consistence with scientific data from other au-
thors (20, 21). Four from haemoculture bottles (19 %) remained
negative after the stage of incubation and it was not possible
to isolate pathogenic agent, while PCR test of the respective
serums samples showed Candida parapsilosis - specific DNA
fragment (in 2 of the cases) and in the other 2 - C.
guilliermondii-specific DNA. Regardless of negative
haemocultures and respectively impossibility for perform-
ing the cultural test by using the described PCR assay, we
were able to detect Candida - specific DNA, and to identify
the pathogenic species. This finding is supported by several
other publications where PCR-based methods demonstrate
significantly higher sensitivity in comparison with cultural
methods for diagnostics of invasive candidosis (21, 25).

M 123456 7 8 9 10111213 14 15 16 17 1819

-»

M 20 21 22 23 24 25 26 27 28 29 30 31 32 33

Fig. 1. M - 50 bp ladder; 1 - negative control sample; 2 - C. albicans;
3 - C. krusei; 4 - C. parapsilosis; 5 - C. glabrata; 6 - C.
guilliermondii; 7 - C. lusitaniae; 8 - 637K (clinical isolate); 9 - 637S
(serum sample); 10 - 122K; 11 - 122S; 12 - 328K; 13 - 328S; 14 -
539K; 15 - 539S; 16 - 168K; 17 - 168S; 18 - 308K; 19 - 308S; 20 -
C. albicans; 21 - C. krusei; 22 - C. parapsilosis; 23 - C. glabrata; 24 - C.
guilliermondii; 25 - C. lusitaniae; 26 - 4486K; 27 - 4486S; 28 - 297K;
29 - 297S; 30 - 406K; 31 - 406S; 32 - 190K; 33 - 190S

Fig. 2. M - 50 bp ladder; 1 - negative control sample; 2 - C.
albicans; 3 - C. krusei; 4 - C. parapsilosis; 5 - C. glabrata; 6 - C.
guilliermondii, 7 - C. lusitaniae; 8 - 129K; 9 - 129S; 10 - 85K; 11 -
85S; 12 - 213K; 13 - 213S; 14 - 407K; 15 - 407S

Non-specific symptomatics and the aggressive nature of
invasive candidosis as well as commonly occurring drug-
resistant isolates (26), define high level of lethal outcome
in case of mixed infection or misidentification of the patho-
gen. Special caution must be taken to many scientific
works where false-positive results and cross-contamina-
tion are reported (27). In some of these studies where im-

M 12 3 456 7 8 910 1112 13141516 17

Fig. 3. M - 50 bp ladder; 1 - negative control sample; 2 - C. albicans;
3 - C. krusei; 4 - C. parapsilosis; 5 - C. glabrata; 6 - C. guilliermondii; 7 -
C. lusitaniae; 8 - 830K; 9 - 830S; 10 - 790K; 11 - 790S; 12 - 5783K;
13 - 5783S; 14 - 10785S; 15 - 10124S; 16 - 10022S; 17 - 5784S
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munological diagnostic tests have been applied, lack of
correlation between antigen titres and the results from
cultural tests have been observed (27).

In conclusion, PCR - based method for diagnostics of six
from the most commonly causing candidaemia species
(Candida albicans, Candida krusei, C. parapsilosis, C. glabrata,
C. guilliermondii and C. lusitaniae) was developed. The pro-
posed method showed high sensitivity and specificity when
performed with Candida clinical isolates and serum
samples from patients with suspected invasive candidosis.
The method could be successfully used for early diagnos-
tics of candidosis when timely starting of appropriate anti-
mycotic therapy is of crucial importance.
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ANTI-INFLUENZA VIRUS EFFECTS
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AND IN COMBINATION
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ABSTRACT

Influenza is a major public health problem because of its wide
spread, high morbidity rate and considerable social and economic
implications. Despite the achievements of antiviral chemotherapy,
the need of new potent antiviral agents continues to exist alongside
with the necessity of novel methods and approaches. The com-
bined application of natural and synthetic viral inhibitors may be
used successfully to potentate the antiviral efficacy of the plant
preparations and may enable dose reduction of their toxic compo-
nents. The aim of the study is to investigate the combined in vitro
and in vivo anti-influenza virus effects of a plant polyphenol-rich
extract, obtained from Geranium sanguineum L. (PC) and the pro-
tease inhibitor e-aminocaproic acid (ACA). The in vitro antiviral
activity was determined by the difference in the infectious titres of
control and treated viruses and the combined effect was defined
on the base of infectious viral yields. The combined protective
activity in vivo was determined on the base of the reduction of
mortality rates. The combined use of PC with ACA resulted in
additive to synergistic inhibition of the A/Aichi/2/68 (H3N2) (A/
Aichi) virus replication in MDCK cells; however some of the com-
binations were antagonistic. The joint application of PC with ACA
in the murine experimental influenza A/Aichi-a virus infection pro-
duced a synergistic protective effect with no enhancement of host
toxicity. Survival rate and mean survival time were markedly in-
creased; the index of protection reached 91.2%. The presented
results support the combined application of natural and synthetic
viral inhibitors with different modes of action.

Key words: influenza virus, combined antiviral effect,
protease inhibitors

INTRODUCTION

Influenza is a major public health problem because of its
wide spread, high morbidity rate and considerable so-
cial and economic implications. Despite the achieve-
ments of antiviral chemotherapy, the need of new potent
antiviral agents continues to exist alongside with the
necessity of novel methods and approaches. The data
from the combined application of natural and synthetic
viral inhibitors suggest that this could be a promising
approach in the control of viral infections (2, 3, 6, 8, 9, 24).
Our group has a substantial experience in this field of
research (4, 5,11, 15, 16, 17, 19, 23).

The aim of the present study is to investigate the combined
in vitroand in vivo anti-influenza virus effects of a plant polyphe-
nol-rich extract, obtained from Geranium sanguineum L. (PC)
and the protease inhibitor e-aminocaproic acid (ACA).
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MATERIALS AND METHODS

Substances. PC was prepared as described previously (20)
and kindly provided by Dr. S. lvancheva, Institute of Botany,
Bulg. Acad. Sci. e-aminocaproic acid (ACA) and ribavirin
(Rib) were purchased from Sigma, Diesenhofen, Germany.
Cells and Viruses. MDCK cells, media and influenza viruses
A/chicken/Germany/34, strain Rostock (H7N1) (A/Rostock),
A/Aichi/2/68 (H3N2) (A/Aichi) and A/Aichi/2/68 (H3N2),
adapted to mice lungs (A/Aichi-a) were as in (1).

Mice. Male and female (16-18 g) ICR mice were obtained
from the Experimental Animal Station of the Bulgarian Acad-
emy of Sciences, Slivnitza, Sofia. They were quarantined
for 24 h prior to use and maintained on standard laboratory
chow and tap water ad libitum for the duration of the studies.
Cellular toxicity was monitored as described in Serkedjieva
and Hay, 1998. The 50% toxic concentrations, the dose re-
quired to cause visible changes in 50% of intact cultures
(TC,,) were determined.

Antiviral assays. The antiviral effect was studied in multicycle
experiments of viral growth. The virus-induced cytopatho-
genic effect (CPE) and the production of infectious virus
were used as measures of viral growth. CPE-reduction as-
say was as in (14). The concentration reducing CPE by 50%
(EC,,) with respect to virus control was estimated from
graphic plots. The selectivity index (Sl) was determined from
the ratio TC, /EC, . Infectious virus vield (IVY) reduction as-
say was as in (14). Virus titers were determined by endpoint
titration (10) and expressed in 50% tissue culture infectious
doses (TCID,/ml). The concentrations that reduced virus
infectivity by 90% (1 log,, TCID, /ml) were determined (EC,)).
PC (0.15 - 10.0 ug/ml) and ACA (0.75 - 50.0 mg/ml) were
applied simultaneously with viral inoculation. The type of
the combined antiviral effect was found according to the
method of (21), based on virus yields. The fractional yield of
the compound A (Y,) was defined as the viral titer in the
presence of the compound divided by the titer obtained in
the absence of the compound. The same was done for the
second compound (Y,) and the combination (Y ;). Then'Y
was calculated from the formulae Y =Y ,xY; if Y >Y - the
effect was synergistic; if Y =Y, - the effect was indifferent;
if Y. <Y, - the effect was antagonistic.

Experimental influenza virus infection (EIVI) was induced un-
der ether anesthesia by the intranasal inoculation of A/
Aichi-a, which causes hemorrhagic pneumonia in mice.
To produce lethal infection mice were challenged with 10
LD,,. PC was applied by intranasal instillation 3 h before
the infection in the dose 5 mg/kg in the volume of 0.05 ml
PBS under light ether anesthesia. ACA was administered
orally -24, -2, 424, +48, +72 h post infection (p.i.) in the
dose 25 mg/kg in the volume of 0.2 ml PBS. Rib was inocu-
lated in parallel as positive control orally -24, -2, +24, +48,
+72h p.i. in the dose 10 mg/kg in the volume of 0.2 ml PBS.
Experimental groups were of 12 animals each. The pro-
tective effect was estimated by the reduction of the rate of
mortality, the increase of the index of protection (PI) and
prolongation of mean survival time (MST) as in (15). Pl
was determined from the equation (PR-1)/PRx100, where
PR (ratio of protection) was M___ /M and M was

control experiment

" mortality. Mice were observed for death daily for 14 days.

After the end of the experiments surviving mice were sac-
rificed by cervical dislocation. Toxicity controls (4 mice
per combination) were run in parallel. The combined ef-
fect was evaluated according to (25). The effect of the
combination (E, ,=Pl, /100 ) and the effects of the indi-
vidual substances (E,=PI,/100 and E,=PI./100) are related
in the equation E, ,=E +E-E x E,; the combined effect is
synergistic if E, , is >, indifferent if E, ,is = and antagonis-
tic if E ,is<E,+E,-Ex E,

32



Anti-influenza virus effects...

Statistical methods. Results are given as arithmetic mean
values. Student’s t-test was used to evaluate differences in
virus titres. p<0.05 was accepted for statistical significance.

RESULTS AND DISCUSSION

Influenza A remains a major burden on mankind with an-
nual epidemics of disease. WHO has recently decreed that
»another influenza pandemic is inevitable and possibly
imminent®, an alarming prospect, considering the devas-
tating previous pandemics. Influenza infection is usually
self-limiting, culminating in a local and systemic reaction.
However, there remains a significant proportion of patients
who develop severe illness and complications, such as
the elderly, the very young and the immunocompromised.
Even with the development of killed virus vaccines the need
for effective anti-influenza therapies still exists.

Current anti-influenza drugs (M2 ion channel blockers and
neuraminidase inhibitors) target viral components. Recently
cellular proteins are emerging as potential targets for new anti-
viral drugs. The principal idea is to affect the mechanisms un-
derlying virus-cell interactions and favouring viral replication in
virus-infected cells. In the case of influenza viruses, the viru-
lence of a particular influenza virus strain depends on the abil-
ity of its haemagglutinin precursor (HAQ) to be cleaved post
translation to subunits HA1 and HA2 by trypsin-like proteases of
the host (7, 26). Thus it seems reasonable that the prevention of
this cleavage would result in inhibition of subsequent rounds of
viral replication and spread in the respiratory tract.

On the other part it is well accepted that one of the possible
ways of enhancing the effect of antiviral substances is to
use them in appropriate combinations. This provides a pros-
pect to potentate the inhibitory effect of the substances, to
reduce their toxic action and to prevent the appearance of
resistant virus mutants. The data on the combined inhibi-
tory activity of natural and synthetic antiviral agents, though
scarce, suggest that this could be a promising approach in
the control of viral infections. Our data together with the
evidence provided by others (2, 3, 6, 8, 9, 24) suggest that
the combined application of natural and synthetic viral in-
hibitors may be used successfully to potentate the antiviral
efficacy of the plant preparations and may enable dose
reduction of their toxic components.

We have studied intensively the mode of the anti-influenza
virus activity of the semi-standardized polyphenol-rich ex-
tract, isolated from Geranium sanguineum L. (PC) (14). It was
shown that its in vitro virus-inhibitory effect was strain-depen-
dent, consistent with a selective antiviral action. PC affected
the synthetic stages of A/Rostock viral replication; virus-spe-
cific RNA and protein synthesis were selectively inhibited. In
addition the selectivity of inhibition was confirmed by the gen-
eration of PC-resistant mutants of A/Rostock. We have dem-
onstrated that the plant preparation markedly protected mice
from mortality in the murine EIVI (12, 13). The anti-influenza
virus effect in vivo was associated with restoration of the bal-
ance between the lung protease and the protease-inhibitory
activities of influenza virus-infected mice (20). It should be
noted that in vitro PC demonstrated a distinct inhibition of trypsin
protease activity in two complementary assays (20).

The anti-influenza virus effect of e-aminocaproic acid, an
inhibitor of plasminogen activation, has been intensively
studied by Lozitski et al., 1987 (7) in vitro and in animal mod-
els. It was shown to reduce the HA-cleavage and virus
proteolytic activation in cultured cells, in chick embryos
and in the lungs of infected mice.

All these considerations persuaded us to carry out an
investigation on the combined anti-influenza virus effects
of PC and ACA in vitro and in vivo. Here we present the
results from these experiments.

As a first approach we examined the drug-susceptibility of
A/Aichi virus to both substances and the results are pre-
sented in Figs. 1A and 1B. EC,-s were found: 5.2 ug/ml for
PC and 25.0 mg/ml for ACA. From dose-response curves the
TC,,-s of PC and ACA for MDCK cells were estimated - 75.0
ug/mland 60.5 mg/ml resp. The EC, -s for A/Aichi were evalu-
ated as described in Materials and Methods - 2.2 ug/ml and
11.2 mg/ml resp. and accordingly the selectivity indices were
34.1 and 5.4 resp. We have inspected also the drug-suscep-
tibility of A/Rostock virus to PC and ACA for comparison. The
EC,,-s for PC and ACA were 3.0 ug/ml and 20.5 mg/ml resp.
Thus the virus-inhibitory effect of both substances was strain-
specific and consistent with anti-viral selectivity.

Fig. 1. Drug-susceptibility of A/Rostock and A/Aichi viruses to PC
(A) and ACA (B) in MDCK cells®

~
o
N

2 |
# Rostock
DAichi || |

'@ Rostock.

° 125 25 5 10 | 0 62 125 2 50
ACA mg/mi

dig TCID sofmi
o

d g TCID so/mi
o & o= ;on o ow

[ 4
o o
|

o

VC - virus control, PC - polyphenolic complex, ACA - e-aminocaproic
acid, °the results are the mean of 3-6 experiments

Further we applied PC and ACA in doses, which by themselves
do not suppress significantly the replication of influenza virus
A/Aichi in cell cultures. The results from these experiments are
shown in Table 1. In the most of cases the combined use of PC
with ACA resulted in synergistic enhancement of the inhibition
of A/Aichi virus in MDCK cells. There were found also some
antagonistic combinations (PC 2.5 ug/ml+ACA 0.7 mg/ml; PC
0.31 ug/ml+ACA 12.5 mg/ml; PC 0.31 ug/mi+ACA 1.5 mg/m;
PC 0.31 ug/mi+ACA 0.7 mg/ml; PC 0.15 ug/ml+ACA 12.5 mg/
ml). The combinations did not exhibit any virucidal effect and
the cellular toxicity was not enhanced.

Table 1. Effects of individual and combined samples of PC and
ACA on the replication of A/Aichi influenza virus in MDCK cells
(checkerboard schedule)?

PC 0 EC, (5 ng/ml)EC,/2 EC,/4 EC,/8 EC,/16 EC,/32

ACA

0 72log, 59 63 67 68 67 70
TCID, /ml

EC,, 6.1

(25 mg/ml)

EC,/2 6.3 4.5 5.1 4.0 5.0 6.0

EC,/4 6.5 5.5 4.5 49 5.4 6.2

EC,/8 7.0 5.8 49 5.2 5.6 6.5

EC,/16 7.0 5.9 4.9 5.6 6.6 6.3

EC,/32 7.0 6.7 54 5.7 6.7 7.0

VC, PC, ACA, d - as in Fig. 1, the type of the combined antiviral
effect was determined according to Schinazi et al. 1982, as described
in Materials and methods, bold - synergistic combinations

It is obvious that the in vitro assays could not be completely
reliable to predict the effectiveness of combination therapy.
The results from animal experiments could help to provide
consistent evidence about the appropriate usage of com-
bined treatment. Therefore the combined treatment with
PC and ACA was tested in the EIVI. The intranasal inocula-
tion of A/Aichi-a virus to mice produces a damaging infec-
tion of the lungs, causing viral pneumonitis. The combined
protection from mortality of mice by the simultaneous treat-
ment with PC and ACA is presented in Fig. 2.
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Fig. 2. Effects of PC, ACA and their combination on the survival rate in
the murine EIVI®
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VC - virus control (A/Aichi-a), PC - polyphenolic complex, 5 mg/kg,

i.n., -3 h, ACA - e-aminocaproic acid, 50 mg/kg, p.o., -24, -2, +24,

+48, +72 h, Rib - ribavirin, 10 mg/kg, p.o., -24, -2, +24, +48, +72
h, °the results are from one representative experiment

Administration of PC in combination with ACA in the course
of the murine A/Aichi-a EIVI produced additive to synergis-
tic rise of protection - a synergistic decrease in mortality
rate (IP=91.3%) and a distinct prolongation of mean sur-
vival time (+5.2 days). The mice receiving combined treat-
ment showed minimal pathological lesions in the lungs
whereas control untreated animals had total hemorrhagic
pneumonia. Thus the combined use of PC and ACA had a
synergistic therapeutic effect in the animals, inoculated
with a high dose of influenza A/Aichi-a virus.

Earlier we have studied the combined virus-inhibitory ef-
fects of a proteinaceous protease inhibitor, produced by
Streptomyces sp. 225b (BF) and PC on the replication of
influenza virus A/Rostock in MDCK cells. Although the si-
multaneous application of BF and PC resulted predomi-
nantly in antagonistic virus-inhibitory effects, there were
found also some synergistic combinations (19).

CONCLUSION

The present paper clearly indicates that combination
therapy provides an advantage over single-agent therapy
and suggests that the combined treatment may provide an

effective basis for prophylactics and therapy of influenza
virus infection. In addition the presented paper supports
the consideration that blocking specific host-cell functions
that are required for viral replication might be an useful
approach in antiviral therapy.
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ANALYZING AND EVALUATION
OF VARIOUS ANTIGENS FROM
TRICHINELLA SPIRALIS LARVAE
USING WESTERN BLOT

1. Rainova, M. Ivanova, R. Kurdova

NCIPD

SUMMARY

The accurate diagnosis of trichinellosis depends largely on the
antigens used in serological tests. Nowadays there are two kinds
of antigens, isolated from T. spiralis larvae which are used in
diagnostic methods. One kind is crude extract from T.spiralis
larvae and the other - excretory/secretory products from T.spiralis
larvae, cultivated in virto.

The aim of the present study was to analyze these two kinds of
antigens, obtained from T. spiralis larvae by SDS-PAGE and West-
ern blot. Electrophoresis was performed in 4% stacking and 12%
separating gel under reducing conditions. Western blot was per-
formed in Towbin’s buffer on nitrocellulose paper.

The results obtained showed a very complex antigen profile. Crude
extract (CE) yielded in Western blot 7-11 bands with molecular
weight (MW) between 28-198 kDa, while excretory/secretory an-
tigen (E/S) revealed bands with MW between 35-208 kDa.

The presence of antigen fractions with molecular weight 45-55
kDa corresponds with the opinion of most authors who consider
that these fractions are specific for Trichinella spiralis.

These results implicate that the antigens examined in our study
are suitable for evaluation of antibody response in trichinellosis.
This paper was supported by National fond ,,Scientific Research®
from the Ministry of Education and Science.

Key words: Western blot, Trichinella spiralis, diagnosis, antigen

INTRODUCTION

Trichinella spiralis is a parasitic nematode which infects a
wide variety of mammals, including humans, by invading
epithelial cells that line the small intestine. Although the im-
mune response against the parasite is very strong, Trichinella
larvae make their way to the muscle cells and encapsulates
there. For understanding the basis of protective immunity
against T. spiralis, it is necessary to identify the antigens that
evoke these responses. T. spiralis antigens, which are mostly
glycoproteins, are key modulators or targets of the host im-
mune system (1). In recent years Western blot became a
method for confirmatory diagnosis of trichinellosis. In earlier
studies about application of Western blot for diagnosis of
trichinellosis crude preparations of Trichinella muscle lar-
vae were used as antigen. Bands with molecular weight
(MW) of 43-44, 64 and 127 kDa (5) were considered as highly
specific to T.spiralis. Recently excretory/secretory (ES) prod-
ucts of T.spiralis muscle larvae (TSL), cultivated in vitro, were
utilized as antigen. Using monoclonal antibody (7C2C5)
which recognizes epitope specific for TSL, Sofronic-
Milosavljevic et al. (2004) accepted as specific band triad of
45, 49 and 53 kDa, which is presented in ES antigen (7).
The aim of the present study was to analyze in Western blot
two antigens, obtained from Trichinella spiralis larvae -
crude extract and excretory/secretory products.
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MATERIALS AND METHODS

MATERIALS

Trichinella spiralis larvae (TSL) were recovered from ex-
perimentally infected guinea pigs after a standard pepsin
digestion method. Following washing of the larvae in water
soluble whole extract were submitted to a cycle of thawing
and freezing and sonicated. The crude extract (CE) was
centrifuged at 10000 x g and the supernatant was used as
antigen and stored at -70° C (2 batches).
Excretory/secretory products (ESP) were collected from
TSL cultivated in vitro in culture media (DMEM), following
the method of Gamble (1985) (2). The culture fluid was har-
vested, filtered and stored at -70° C until used (4 batches).
Protein content of all antigen batches was quantified spec-
trophotometrically.

Sera samples

A pool of serum samples from 10 patients with epidemio-
logically, clinically and serologically confirmed
trichinellosis was prepared as positive control and used
for analysis by Western blot of obtained antigens.

METHODS

SDS-PAGE. Electrophoresis was performed in 4% stack-
ing and 12% separating gel under reducing conditions ac-
cording to the method of Laemmli (1970) (4). Coomassie
blue R250 and silver staining methods were used for visu-
alization of the fractions.

Western blot (WB) was performed in Towbin's buffer on
nitrocellulose paper (8). The dilution of serum was 1:50 in
TBS/0.5 % skimmed milk and the dilution of the conjugate
was 1:200. DAB (Sigma) was used as a substrate.
Prestained protein standards (low range and broad range,
Bio-Rad) were used as molecular weight markers.

RESULTS AND DISCUSSION

The results obtained showed a very complex antigen profile.
Different number and molecular weight (MW) bands were
demonstrated. Both batches of crude extract (CE, and CE,)
showed similar profile although number of bands obtained
was different (table 1, fig. 1, lanes 2, 3). In the first batch CE,

kBa 1 2 3 L] 5 6 7 kDa

Fig.1. Western blotting analysis of T. spiralis preparations: 1. Low
range marker; 2. CE,; 3. CE; 4. ESP_; 5. ESP,; 6. ESP; 7. ESP,; 8.
Broad range marker
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Tabl. 1. Range of bands in Western blotting analysis of Trichinella antigens
Ne Used antigens Number of bands

1. CE, (56 mg/ml) 7

2. CE, (2 mg/ml) 11

3. ESP, (9.8 mg/ml) 10

4. ESP, (2.8 mg/ml) 14

5. ESP, (2.7 mg/ml) 5

6. ESP, (3.4 mg/ml) 6

Range of bands, kDa

198, 104, 62, 55, 46, 36, 34

198, 112, 102, 83, 60, 55, 51, 45, 35, 31, 28

104, 102, 75, 64, 55, 51, 45, 38, 34, 14

196, 162, 104, 98, 90, 78, 75, 60, 50, 45 40, 38, 36, 34
64, 55, 51, 45, 37

208, 107, 64, 53, 45, 35

with used serum sample were recognized 7 antigen fractions
with MW 198, 104, 62, 55, 46, 36 and 34 kDa. In the second
batch CE, the obtained bands were 11 with MW of 198, 112,
102, 83, 62, 53, 51, 45, 36, 31 and 28 kDa. These results were not
unexpected, because in previous studying we established by
SDS-PAGE 10 fractions in crude extract from T.spiralis larvae
with similar MW (Rainova et al., 1999) (6). Yera et al. (2003)
obtained in Western blot with crude extract and sera from 60
patients with trichinellosis 11 bands, which confirmed that
crude preparations from T.spiralis larvae yielded large num-
ber of antigenic fractions and most of them were recognized
with sera samples from patients with trichinellosis (9). Authors
chose as a specific profile bands with MW 43, 44 and 64 kDa.
Batches of excretory /secretory products (ESP) showed some
differences in obtained bands after testing in Western blot.
ESP, and ESP, exhibited large number of bands - 10 in ESP,
and 14 in ESP, with MW between 14 and 196 kDa and their
analysis was similar to the bands obtained in CE (Tab.1, fig.1,
lines 4, 5). In Western blot ESP, and ESP, yielded 5 and 6
antigenic bands with MW 64, 55, 51, 45 and 37 for ESP,and 208,
107, 64, 53, 45 and 35 for ESP, (table 1, Fig. 1, lanes 6, 7).
According to Gamble (1985) specific in E/S preparations from
Trichinella larvae was band triad with MW 45, 49 and 53 kDa
(2). Recently Sofronic-Milosavljevic et al. (2004) using West-
ern blot implicated that the existence of 45, 49 and 53 kDa

bands could be a criterion for evaluation of anti - T.spiralis
antibodies in sera of infected hosts (7). According to the litera-
ture most authors consider that the major antigenic fraction,
obtained in the preparation from T.spiralis larvae has a MW of
45 kDa (3). Antigens with MW of 49 and 53 kDa, isolated from
Gamble by affinity chromatography produced in mice signifi-
cant levels of immunity against T.spiralis larvae (2).

All of our preparations from trichinella larvae (crude extract
end excretory/secretory products) revealed bands with MW
between 45 and 55 kDa, which correspond with the opinion
of most authors that these fractions are specific for Trichinella
spiralis. CE yielded bands with MW 55-53, 51, 46-45 kDa and
E/SP - bands with MW 55-53, 51-50, 46-45 kDa. These results
implicate that both kinds of antigens (crude extract and ex-
cretory/secretory products) are suitable for application in
Western blot for diagnosis of trichinellosis.

REFERENCES

. Alcantara, P. et al. Int. J. Parasitol.,1993, 23, 657-660.

. Gamble, H.R. Exp. Parasitology, 1985, 59, 398-404.

. Homan, W.L., et al. Parasitol. Res., 1992, 78, 112-119.

Laemmli, U.K. Nature, 1970, 227, 680-685.

Nunez, G. G., et al., J. Parasitol., 2000, 86, 1121-1124.

. Rainova |., et al. Problems of Infectious and Parasitic Diseases,
1999, 2; 23-25.

7. Sofronic-Milosavljevic et al. Turk. J. Immunol, 2004, 9-2 Suppl.,152.
8. Towbin, H., et al. Proc. Natl. Acad. Sci. USA, 1976, 76, 4350-4354.
9. Yera, H., et al. Clin. Diagn. Lab.Immunol, 2003, 10, 793-796.

oA WN =

36



Probl. Inf. Parasit. Dis.

SHIGELLOSIS: PECULIARITIES

AND MANAGEMENT
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SUMMARY

Infectious diseases kill about 11 million children each year and
99 per cent of these deaths occur in the developing countries.
Notably, of the 1 1 million deaths, 4 million die within the first year
of their life1. Acute diarrhoeal diseases rank second amongst all
deaths due to infectious diseases accounting for 3.1 million deaths
in under 5 children; 80 per cent of these deaths occur in children
below 2 yr of age. In recent years etiology of salmonelloses was
profoundly described. (2) It was introduced in context of WHO-
Global Salm Surveillance system. (3) Shigellosis is an important
cause of diarrhoeal deaths. It has been reported that no less than
140 million cases of shigellosis occur worldwide with 600,000
deaths annually; 60 per cent of such deaths are seen in children
under 5 (4). In this review, attempts have been made to highlight
the molecular epidemiology, epidemic and pandemic potential,
current case management strategies including drug resistance
problem and preventive aspects of shigellosis.

Key words: dysentery, shigellae, shigellosis

Definition

Shigellosis, commonly known as acute bacillary dysen-
tery, is manifested by the passage of loose stools mixed
with blood and mucous and accompanied by fever, ab-
dominal cramps and tenesmus (a symptom characterized
by incomplete sense of evacuation with rectal pain).

Clinical features

In some cases, there may not be any symptoms (asymp-
tomatic), while in others it may produce mild to moderate
dysentery or even fulminating dysentery with fever, severe
abdominal cramps and rectal pain. Children may. have
high fever with convulsions, rectal prolapse and later de-
velop malnutrition. Shigella sonnei produces mild dysen-
tery. S. flexneri and S. dysenteriae type 1 typically produce
severe dysentery, particularly the latter.

Complications

Shigellosis may be associated with a large number of mild
to severe life-threatening complications(5), particularly due
to S.dysenteriae type 1. Children may have high fever, rec-
tal prolapse and convulsions. Arthritis and arthralgia are
complained by some patients. Intestinal perforation,
haemorrhage, toxic megacolon and protein loosing enter-
opathy may complicate a shigellosis case. Leukemoid re-
action (WBC count > 50,000/ cmm) and haemolytic uraemic
syndrome (a triad of microangiopathic haemolytic anaemia,
thrombocytopaenia and renal failure) are see’n in
S.dysenteriae type 1 infection and may be fatal(6).

Epidemiology
Shigellosis is a highly contagious disease caused by Shi-
gella spp. and humans are the principal reservoir of infection.
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The organism is acid resistant and can easily pass the gastric
acid barrier. The infective dose is as low as 10-100 organisms
only. The disease is transmitted faeco-orally, the commonest
modes being person-to-person contact and contaminated
food and water. Infected food handlers can spread the dis-
ease. Sometimes consumption of raw vegetables harvested
in fields where sewage is used as fertilizer can cause con-
tamination. Flies can breed in infected faeces and contami-
nate food. Washing clothes and bathing in ponds, which is a
common practice in rural India, can also enhance transmis-
sion of the disease if the water is contaminated with excreta of
an infected person. It is a disease of overcrowding, insanitary
conditions and poor personal hygiene, and affects mostly
children of developing countries. However, travelers visiting
endemic areas may be affected by this disease if they do not
take proper precautionary hygienic measures.

Incubation period of the disease is 1-4 days which is usually
followed by sudden onset of acute symptoms. In mild cases
the disease may be self limiting but severe disease requires
appropriate medication. The disease is communicable as
long as an infected person excretes the organisms in the
stool and this can extend up to 4 wk from the onset of iliness.
However, timely antibiotic therapy can reduce the period of
communicability. Secondary attack rates can be as high as
40. per cent especially among household contacts.

Microbiology

Shigellosis is caused by Shigella spp. which can be subdi-
vided into four serogroups - S. sonnei, S. boydii, S. flexneri
and S. dysenteriae. Each of them has a number of sero-
types, e.g., S. dysenteriae type 1-12, S. sonnei phase | and Il
S. boydii type 1- 18, S. flexneri type 1-6. However, three pre-
dominant strains are responsible for majority of shigellosis
cases viz., S. sonnei, S. flexneri 2a and S. dysenleriae type 1.
Of these, S. sonnei is encountered mostly in industrialized
countries, S. flexneri 2a in developing countries and S.
dysenteriae type 1 is the only epidemic as well as pandemic
strain. S. dysenteriae type 1, which produces severe dis-
ease, may cause life-threatening complications, is usually
multi drug resistant and can cause large epidemics and
even pandemics with high morbidity and mortality.
Shigellae are facultative non motile, Gram negative bacilli.
They are pathogenic primarily due to their ability to invade
intestinal epithelial cells. The virulence factor is a smooth
lipopolysaccharide cell wall antigen which is responsible
for the invasive features and a toxin (shiga toxin) which is
both cytotoxic and neurotoxic and causes watery diarrhoea.
Shigella organisms invade and multiply within the colonie
epithelial cells causing cell death and mucosal ulcers but
rarely invade the blood stream. Histological findings include
cellular infiltration with mixed round cells, neutrophilic in ma-
jority and disorganization of crypts with branching and dilata-
tion. The inflammatory process extends to muscularis muco-
sae and submucosae with resultant oedema. In S.dysenteriae
type 1 infection, changes in the colonie mucosa are more
severe than those by the other serogroups (7, 8).

Drug resistance

When sulphonamides were first introduced in the early 1940s,
all the Shigella strains were sensitive to this drug, which
became the drug of first choice. In late 1940s, tetracycline
followed by chloramphenicol, were recommended for the
treatment of shigellosis because sulphonamides became
ineffective. Soon, resistance to these two drugs was ob-
served. Ampicillin and co-trimoxazole came to the rescue
(9, 10). They were found to be clinically highly effective. How-
ever, during the epidemic in eastern India in 1980s, the iso-
lated S. dysenteriae type 1 strains were found to be resistant
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to most of the antibiotics (11) except nalidixic acid which
was found to be clinically highly effective (12) But later, S.
dysenteriae type 1 strains isolated from an outbreak in Tripura
were even resistant to nalidixic acid (13). In the late 1980s,
fluoroquinolones (norfloxacin, ciprofloxacin and ofloxacin)
were introduced and were found to be very effective in the
treatment of shigellosis cases (14-18) including those caused
by multi drug resistant S. dysenteriae type 1 strain.
Mechanisms of antibiotic resistance will be analyzed in
another review.

Diagnosis

Diagnosis of shigellosis is made clinically by the typical fea-
tures of bacillary dysentery with blood and mucus in stool
although some cases may present with mild to moderate
watery diarrhea initially. Dehydration is usually not a con-
spicuous feature. Microscopic examination of faecal smear
stained with iodine shows presence of plenty of faecal
leucocytes (> 10/high power field). Confirmation is made by
stool culture, serological and biochemical tests (19).
Collection, transportation and culture of stool specimen
Specific diagnosis of shigella in stool specimens depends
on the appropriate collection and transportation to the labo-
ratory. Fresh stool samples collected from patients before
initiation of therapy are preferred for microbiological tests
because the chances of recovering the organisms are
higher. For microbiologie cultures, fresh stool is preferred
to rectal swabs in which the pathogens are less in number.
Samples that cannot be cultured immediately should be
kept in buffered glycerol-saline transport medium. Cary-
Blair medium is the second option. Direct inoculation of
culture plates at the bedside is the most efficient means of
isolating shigella from the dysentery patients.

Stool specimens for isolation of shigella should be plated
on both moderately selective medium such as MacConkey
or deoxycholate citrate agar (DCA), and a highly selective
medium such as xylose- lysin deoxycholate (XLD), Hektoen
enteric (HE) or Salmonella- Shigella (SS) agar. Since the
Shigella isolates growing in these plates do not change
the calour of the pH indicator due to its inability to ferment
lactose, it is easy to pick up the typical colonies.

Further identification can be made by using triple sugar iron (TSI)
agar or Kiligler iron agar (KIA), on which Shigellae are non- mo-
tile, produce an alkaline slant and acid butt due to inability to
ferment lactose aerobically in the slope and the anaerobic fer-
mentation of glucose in the butt, and fail to produce hydrogen
sulphide or other gas. After tentative identification, strains can be
speciated by serological methods, using grouping antisera. Rapid
methods for the diagnosis of S. dysenteriae type 1 by means of
fluorescent antibody staining have been established50. Till date,
no reliable rapid method is commercially available and none
are in use routinely anywhere.

Management

Diagnosis of shigellosis can be made clinically by the typi-
cal features of the disease. Sometimes laboratory confirma-
tion is necessary especially for antimicrobial resistance
pattern as it varies from place to place and from time to time.

In case management of shigellosis antibiotics play a central *

role. Use of appropriate antibiotic hastens recovery, shortens
the duration of excretion of pathogen in stool and possibly pre-
vents complications. However, these should be chosen care-
fully considering the sensitivity pattern of the circulating strains.
Presently in India, the antibiotics of choice are norfloxacin (400
mg) or ciprofloxacin (500 mg) or ofloxacin (200 mg) twice daily
for 3-5 days(20). These drugs are not yet recommended for
children and pregnant women although their use has shown
that they are probably safe in children (21).

Although dehydration is not a common feature of shigellosis
infection, but if it occurs or the stools are watery, patients
should be given the oral rehydration salt (ORS) recommended
by WHO / UNICEF. In severe dehydration, intravenous fluids
preferably Ringer’s lactate solution is recommended. How-
ever, clinical experience indicates that ORS is beneficial in
all cases of shigellosis if given as routine fluid intake.
Anorexia poses a major problem for feeding especially in
children. They should be encouraged to take small, fre-
qguent and easily digestible meals. This is easily achieved
after an effective antibiotic is started when appetite im-
proves and the patient is able to take food.

Prevention and control

Since the main route of transmission of shigellosis is
through water, food and also person-to-person contact, the
prevention and control strategies essentially include pro-
vision of safe water supply and adequate sanitation facili-
ties, maintenance of good personal hygiene and food safety.
Hand washing with plenty of water and soap is the most
important single effective preventive strategy against
shigellosisé1. Itis emphasized that hands should be washed
before eating, before feeding children, after defeacation
and after disposal of children’s excr\eta. These measures
are further reinforced in epidemic situations, when because
of the very low infective dose of the organism and its poten-
tial for rapid spread, stringent control measures need to be
instituted through simple but effective health education
messages to the common masses.

CONCLUSION

Shigellosis is an important public health problem with high
morbidity and also mortality mainly among children in de-
veloping country situations where overcrowding and poor
personal hygiene are rampant. Of all the Shigellae spp, S.
dysenleriae type 1 is notorious for producing not only large
scale epidemics but also pandemics which are character-
ized by multiple drug resistance and several serious com-
plications including haemolytic uraemic syndrome (HUS).
The mainstay of treatment is appropriate antibiotics but
development of drug resistance poses a serious therapeu-
tic challenge. Preventive long-term measures like improved
sanitation and personal hygiene may be a difficult task to
achieve in the near future specially among the impover-
ished urban and rural communities. Thus, an alternative
preventive strategy in the form of suitable vaccines against
S.dysenteriae type 1 and S.flexneri 2a is urgently required
to save mankind from the scourge of this dreaded disease.
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