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SUMMARY:

We report data on serotype distribution and antibiotic suscepti-
bility of 36 invasive S. pneumoniae isolates and 50 isolates from
acute otitis media (AOM). The invasive isolates were collected in
14 hospitals located in 10 Bulgarian cities between June 2009 and
December 2010. Sixteen isolates were obtained from infections in
children <5 years and 20 — from children >5 years and adults. The
AOM isolates were collected between October 2009 and November
2010 from children aged £ 8 years. The universal infant immunization
in Bulgaria with PCV10 was initiated in April 2010, so we consid-
ered the time period to the end of 2010 still representative for the
pre-vaccine serotype distribution in Bulgaria.

The most frequently encountered serotype among invasive isolates
was 19F (13,9%), followed by 1 (11,1%), 4 (8,3%), 6B, 23F, 9V and 3
(5,6% each). Serotypes 6A, 19A, 18C and 7F were represented by
one isolate each. Among the 16 IPD isolates from children <5 years
the most frequent serotypes were 19F (n=4) and 1 and 4 (n=3 each),
followed by 6B, 23F, 9V and 18C (n=1 each). The most commonly
encountered serotype among AOM isolates was 19F (24%), followed
by 6B (14%), 14 (8%), 9V and 3 (6% each) and 23F and 18C (4% each).
According to CLSI breakpoints, among meningitis isolates peni-
cillin-resistance rate was 36,8%. All of the non-meningitis isolates
were penicillin susceptible with the exception of one isolate which
was intermediate. Among invasive isolates erythromycin, clin-
damycin and TMP/SMX resistance rates were 17%, 17% and 33%,
respectively. The majority of AOM isolates (52%) were penicillin
non-susceptible, of which 12% were penicillin-resistant and 40%
penicillin-intermediate. AOM isolates resistant to erythromycin,
clindamycin and TMP/SMX were 44%, 32% and 56%, respectively.
Among both invasive and AOM strains, resistance to levofloxacin
and rifampin was not found. Most of the penicillin non-susceptible
and polyresistant S. pneumoniae isolates belonged to serotypes
19F, 6B and 14.

Keywords: S. pneumoniae, invasive, acute otitis media (AOM),
Bulgaria, serotype, susceptibility, pneumococcal conjugate vac-
cine (PCV)
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INTRODUCTION

Streptococcus pneumoniae is a leading causative pathogen
in acute otitis media (AOM), pneumonia, meningitis and sep-
sis Those most at risk from infection are infants, children <5
years of age and the elderly aged >65 years (1).

Invasive pneumococcal disease (IPD) such as bacteraemia
and meningitis develops when infection spreads to normally
sterile sites of the body, such as the blood or cerebrospinal
fluid. Pneumonia can also become invasive when bacterae-
mia or empyema develops. Overall, an estimated 800,000
children under the age of 5 years die from pneumococcal dis-
ease each year, mostly in developing countries. Predisposing
risk factors for IPD and pneumonia include close-contact
facilities, poor nutrition, concomitant morbidities (chronic
lung disease, immunodeficiency, haematological disease,
diabetes) and a history of smoking (1).

In Bulgaria, according to the ECDC Annual epidemiological
report on communicable diseases in Europe based on TESSy
data for 2006 and 2007 there are 1 and 39 IPD cases reported
respectively, for both mainly meningitides (2). According to
the yearly epidemiologic analysis of NCIPD ( 3, 4 ) in 2005,
2006, 2007 and 2008 are reported 52, 48, 39 and 35 cases
of pneumococcal meningitis, respectively. Important point in
this reports is the high number of bacterial meningitis with
unknown etiology - nearly half of the approximately 250
cases per year for years 2005 — 2007 are with unknown
bacterial etiology.

Other local source for epidemiological data is the Bulgarian
Surveillance Tracking Antimicrobial Resistance (BulSTAR)
- laboratory based surveillance system for annual reporting
of the isolation and antimicrobial susceptibility of clinically
significant microorganisms in 160 public microbiology labora-
tories (5). According to BUISTAR annual reports, the number
of reported invasive pneumococcal isolates (including blood
and CSF isolates) for 2005 is 138, 2006-159, 2007-151 and
2008-121 (6). Until now for Bulgaria only aggregated data
are reported and underreporting is quite possible. There
is a local need for implementation of case based reporting
system for invasive diseases including both epidemiological
and laboratory components.

Acute otitis media (AOM) is one of the most common
childhood diseases and a frequent reason for antibiotic
administration in children, thus acting as an important factor
influencing the emergence of antimicrobial resistance. AOM
is a common childhood infection, affecting around 75% of
children under 3 years of age, and about 40% of these chil-
dren go on to develop recurrent episodes (7).

Reports concerning the serotype distribution of Streptococ-
cus pneumoniae causing infections in Bulgaria are still limited
in number (8). In 2010, universal immunization with 10-valent
pneumococcal/H. influenzae protein D conjugate vaccine
(Synflorix™, GlaxoSmithKline Biologicals, Rixensart, Bel-
gium; PHID-CV) was introduced in the national immunization
programme. In this regard, monitoring pneumococcal sero-
type distribution became an important public health issue.
The aim of the present study was to identify the most preva-
lent S. pneumoniae serotypes causing invasive diseases
and AOM before the introduction of universal pneumococcal
conjugate vaccination and to analyze antimicrobial suscep-
tibility data on these isolates.

BACTERIAL ISOLATES, MATERIALS AND METHODS

In the present study 36 invasive isolates and 50 AOM iso-
lates were included. The invasive isolates were collected
in 14 hospitals located in 10 Bulgarian cities between June
2009 and December 2010. Of these strains 15 were isolated
from blood , 19 from CSF, one from pleural fluid and one
from peritoneal fluid. Sixteen isolates were obtained from
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infections in children <5 years and 20 — from children >5
years and adults.

The AOM isolates were collected during a previous study of
bacterial etiology of AOM conducted between October 2009
and November 2010 (9) .Twelve otolaryngologists from 4
hospitals and ambulatory clinics in Sofia participated in the
study. Middle ear specimens after spontaneous membrane
rupture or tympanocentesis were collected from children
aged £ 8 years diagnosed with AOM.

The mass infantimmunization with pneumococcal conjugate
vaccine was initiated in April 2010, so we considered the
time period to the end of 2010 still representative for the
pre-vaccine serotype distribution in Bulgaria.

The collected isolates were transported to the laboratories
of the National Center of Infectious and Parasitic Diseases,
identified conventionally and their susceptibility to antibacteri-
al agents was determined by disk diffusion according to CLSI
2010. Penicillin MICs of S. pneumoniae were determined us-
ing M.1.C.Evaluator gradient strips (Oxoid, Basingstoke, UK)
and interpreted according to CLSI breakpoints for oral and
parenteral penicillin according to the type of infection. Pneu-
mococcal serotyping was performed using Pneumococcus
7-10-13 valent latex agglutination kit and quellung reaction
with antisera from Statens Serum Institute, Copenhagen.

RESULTS

Serotype distribution

The most frequently encountered serotype among invasive
isolates was 19F (13,9%), followed by 1 (11,1%), 4 (8,3%),
6B, 23F, 9V and 3 (5,6% each). Serotypes 6A, 19A, 18C and
7F were represented by one isolate each. The remaining 12
isolates (33,3%) belonged to serotypes not included in the
currently available 7-, 10- and 13-valent conjugate vaccines
(Table 1). Among the 16 IPD isolates from children <5 years
the most frequent serotypes were 19F (n=4) and 1 and 4
(n=3 each), followed by 6B, 23F, 9V and 18C (n=1 each).

The most frequently encountered serotype among AOM
isolates was 19F (24%), followed by 6B (14%), 14 (8%),
9V and 3 (6% each), 23F and 18C (4% each) and 1 and 7F
(2% each). The remaining 15 isolates (30%) belonged to
non-conjugate vaccine related serotypes (Table 2).

Antibiotic susceptibility

According to CLSI breakpoints, among meningitis isolates
penicillin-resistance (MIC20.12 ug/ml) rate was 36,8%. All
of the non-meningitis isolates were penicillin susceptible
(MIC<2 pg/ml) with the exception of one isolate which was
intermediate (MIC=4 ug/ml). Among invasive isolates eryth-
romycin, clindamycin and trimethoprim/sulfamethoxazole
resistance rates were 17%; 17% and 33%, respectively.
Isolates resistant to levofloxacin and rifampin were not found.
The majority of S. pneumoniae AOM isolates (n=26; 52%)
were penicillin non-susceptible, of which six (12%) were
penicillin-resistant (MIC=2 pg/ml) and 20 (40%) - penicillin-
intermediate (MIC 0.12-1 ug/ml). Isolates resistant to
erythromycin, clindamycin and trimethoprim/sulfamethoxa-
zole (TMP/SMX) were 44%, 32% and 56%, respectively.
Pneumococcal isolates resistant to levofloxacin and rifampin
were not found. Among the 26 penicillin non-susceptible
isolates, 38% belonged to serotype 19F, 19% to serotype
6B and 15% to serotype 14. Among the six PRSP strains
5 belonged to serotype 19F and one to serotype 14. Most
of the penicillin non-susceptible isolates were resistant to
macrolides and TMP/SMX

Discussion

In a recently published systematic evaluation of serotypes
causing invasive

pneumococcal disease among children <5 years before

introduction of PCV globally and regionally, six to 11 sero-
types accounted for about 70% of IPD. Globally, the most
frequently encountered invasive serotypes were 14, 6B, 1,
23F, 5, 19F and 6A — these serotypes accounted for more
than half of IPD in every region. (10)

Data on serotype distribution before implementation of PCV
in Central Europe showed some variations between coun-
tries, but the most prevalent IPD serotypes belonged to the
main global serotypes. In Poland, serotypes 14, 6B, 23F
and 18C were the most prevalent serotypes causing IPD in
2008. A study of invasive pneumococcal isolates preceding
PCV-7 introduction in Turkey showed that serotypes 19F,
6B and 14 were the most common. The main serotypes
isolated from IPD in Croatia in 2001, 2005 and 2006 were
14, 6B, 18C and 23F. In the Czech Republic S. pneumoniae
serotypes 9V and 14 are the most frequently associated with
invasive disease and, along with 6B, 19F, 3 and 23F, were
the serotypes most frequently isolated from patients with
invasive pneumococcal disease in 2000, 2006 and 2009 (1).
Studies regarding serotype distribution of S. pneumoniae
clinical isolates in Bulgaria are still limited in number. Setch-
anova et al. (8) characterized 146 pediatric pneumococcal
isolates collected between 1998 and 2009 of which 67 were
invasive strains. The most prevalent serotypes among inva-
sive strains were: 19F, 14, 23F, 5, 9V, 6B, 7F and 1.
Among the invasive pneumococcal serotypes found in our
study, 19F was also the most frequently isolated serotype in
both age groups, followed by 1, 4, 6B, 23F, 9V and 3. When
comparing the serotype distribution in the two age groups,
serotypes 19F and 1 were more frequently found in the <5
years group and serotypes 4 and 18C were found only in this
group. On the other hand, serotypes 3, 6A, 19A and 7F were
found only in the >5 group. Non-conjugate vaccine serotypes
were more frequently found among isolates in the >5 group
(10/20) than in <5 group (2/16) (Table 1).

Among the pneumococcal AOM serotypes in this study,
19F was the most prevalent serotype, followed by 6B, 14,
9V, 3, 23F and 18C (Table 2). The serotype distribution of
S. pneumoniae was similar to those reported from other
European countries and worldwide. Globally, the most com-
monly reported pneumococcal serotypes causing AOM are
3, 6A, 6B, 9V, 14, 19A, 19F, and 23F (11). Serotype 19F is
reported to be the most prevalent among AOM isolates in
Germany, Costa Rica, Colombia and Japan (12, 13, 14, 15).
Interestingly, in our study the common IPD-associated se-
rotype 14 was found only among AOM isolates and not de-
tected among invasive strains. On the other hand, serotypes
4, 6A and 19A were found only among invasive strains and
were not found among AOM isolates. However, the number
of isolates was too low to draw any definite conclusion.
Serotype 3 is an important serotype which was found in
both invasive and AOM isolates in this study. It is present in
PCV13, but not in PCV10. This serotype was included in a
prototype 11-valent PCV, in which all serotypes were con-
jugated to protein D of non-typeable H. influenzae, but was
subsequently removed from the final formulation, resuiting in
the 10-valent final product.(16). The removal of serotype 3
was related to the observation that immune responses after

" the booster dose to serotype 3 differed from those to other

serotypes, and to its failure to demonstrate efficacy against
acute otitis media (AOM) (16, 17). Serotype 3 was the only
serotype out of the 11 for which post-booster antipneumo-
coccal antibody concentrations were lower than post-primary
antibody concentrations after three doses of 11Pn-PD in
infancy. Serotype 3 is included in PCV13, but studies to
date also show low or no booster responses against this
serotype (17).

Penicillin non-susceptibility rate among AOM isolates found
in this study (52%) was higher than the average level reported
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in Bulgaria. According to the data from Bulgarian surveillance
system tracking antimicrobial resistance (BulSTAR), collect-
ing reports from 160 laboratories, penicillin non-susceptible
isolates accounted for 21,6 % of all reported pneumococcal
isolates in 2008 (6).

In the present study, penicillin non-susceptibility rate among
invasive isolates was lower than in AOM isolates: 36,8% in
meningitits and 6% in non-meningitis strains. This finding
could be explained with the higher prevalence of penicillin-
susceptible serotypes (such as 1 and 4) amongst invasive
isolates.

As shown previously, penicillin non-susceptibility among
pneumococcal isolates in Europe was associated mainly with
serogroups 19 and 6 and serotypes 23F and 14 (11). In the
present study penicillin non-susceptible and polyresistant S.
pneumoniae isolates also belonged mainly to serotypes 19F,
19A, 6B, 9V and 14. Moreover, most of the penicillin-resistant
isolates belonged to serotype 19F (Table 1).

In the present study serotype 19F was the most prevalent
serotype among both invasive and AOM isolates. Our find-
ings suggest that clonal relationship between 19F isolates
could be present among Bulgarian pneumococcal isolates.
However, further molecular characterization of the pneumo-
coccal strains causing invasive and respiratory infections is
required.

This study was supported by the Bulgarian Association
of Microbiologists (BAM).
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Table 1. Serotype distribution and number of resistant S. pneumoniae isolates from invasive infections.

Total <6years >5years Penicillin ERY CLI TMP/SMX  RIF LEVO
Serotype

n (%) n n MIC (pg/ml) n n n n n
19F 5(13,9%) 4 i 0.03-4 2 2 4 - -
1 4 (11,1%) 3 i <0.015-0.03 - - - - -
4 3(8,3%) 3 - 0.03-1 1 il 1 - -
6B 2 (5,6%) 1 1 1-2 1 1 1 - -
23F 2 (5,6%) 1 1 0.03-1 - - 1 - -
9V 2 (5,6%) 1 1 0.25-1 - - 2 - -
3 2 (5,6%) - 2 <0.015 - - - - -
6A 1(2,8%) - 1 1 1 1 1 - -
19A 1(2,8%) - 1 4 1 1 - -
7F 1(2,8%) - 1 0.03 - - - - -
18C 1(2,8%) 1 - 0.03 - - - -
fran:ganjligets 12 (33,3%) 10 0.015-2 - 5 1 = R
vaccine serotypes

Table 2. Serotype distribution and number of resistant S. pneumoniae isolates from middle ear fluids of Bulgarian children.

Seediihe Total PISP PRSP
n (%) n n
19F 12 (24%) 5 5
6B 7 (14%) 5 -
14 4 (8%) 3 1
9V 3 (6%) 3 -
3 3 (6%) - -
23F 2 (4%) 1 .
18C 2 (4%) - -
1 1(2%) - -
7F 1(2%) = =
\I:l::(:-iizms‘:e?z:;pes 1BE0) . i

ERY cL TMP/SMX RIF LEVO
n n n n n
11 8 11 . .
5 5 3 - -
3 1 4 5 .
R - 3 5 .
1 1 1 . .
- B ) - =
2 1 4 . .
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SUMMARY

We report microbiological data on 119 middle ear specimens
collected from children aged < 8 years diagnosed with AOM be-
tween October 2009 and November 2010. Among culture positive
samples (105/119; 88%) the most frequently isolated pathogen
was S.pneumoniae (47,6%), followed by H.influenzae (27,6%),
M.catarrhalis (8,6%) and S.pyogenes (6,7%). All H. influenzae iso-
lates, except one, were non-typable (97%). The most commonly
encountered serotype among pneumococcal isolates was 19F
(24%), followed by 6B (14%), 14 (8%), 9V and 3 (6% each) and 23F
and 18C (4% each). The prevalence of penicillin non-susceptible S.
pneumoniae was relatively high (52%) and associated mainly with
serotypes 19F, 6B and 14.

Keywords: acute otitis media, etiology, S. pneumoniae, serotype,
Non-typable H. influenzae, Bulgaria

INTRODUCTION:

Acute otitis media (AOM) is one of the most common
childhood diseases and a frequent reason for antibiotic
administration in children, thus acting as an important factor
influencing the emergence of antimicrobial resistance.

Studies on bacterial etiology of AOM have not been conduct-
ed in Bulgaria until now. Furthermore, reports concerning the
serotype distribution of Streptococcus pneumoniae causing
infections in Bulgaria are still limited in number [1,2]. In 2010,
universal immunization with 10-valent pneumococcal/H.
influenzae protein D conjugate vaccine (Synflorix™, Glaxo-
SmithKline Biologicals, Rixensart, Belgium; PHiD-CV) was
introduced in the national immunization programme. In this
regard, monitoring vaccine serotype coverage has become
an important public health issue.

The aim of the present study was to identify the most preva-
lent bacterial pathogens in AOM in Bulgarian children, to
obtain antimicrobial susceptibility data on major pathogens
and to analyze the serotype distribution of S. pneumoniae
and Haemophilus influenzae isolates causing AOM before
the introduction of universal pneumococcal conjugate vac-
cination.
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METHODS:

Twelve otolaryngologists from 4 hospitals and ambulatory
clinics in Sofia participated in the study. Middle ear speci-
mens after spontaneous membrane rupture or tympanocen-
tesis were collected from children aged £ 8 years diagnosed
with AOM between October 2009 and November 2010.
AOM was defined as a visually abnormal tympanic mem-
brane in pneumatic otoscopy suggesting effusion in the mid-
dle ear cavity, concomitantly with at least one of the following
signs of acute infection: fever, ear ache, irritability, diarrhea,
vomiting, acute otorrhea not caused by external otitis, or
other symptoms of respiratory infection [3].

Only non-vaccinated with pneumococcal conjugate vaccine
children with previously untreated AOM were included in
the study.

The mass infant immunization with pneumococcal conjugate
vaccine was initiated in April 2010, so we considered the time
period between April and November 2010 still representative
for the pre-vaccine etiology of AOM in Bulgaria.

The collected ear samples were transported in Amies
transport medium in the laboratories of the National Center
of Infectious and Parasitic Diseases, cultured on 5% sheep
blood agar and chocolate agar and incubated at 35°C in
5% CO2 atmosphere. The bacterial isolates were identified
conventionally and their susceptibility to antibacterial agents
was determined by disk diffusion according to CLSI 2010.
Penicillin MICs of S. pneumoniae were determined using
M.1.C.Evaluator gradient strips (Oxoid, Basingstoke, UK) and
interpreted according to CLSI oral penicillin V breakpoints.
Pneumococcal serotyping was performed using Pneumococ-
cus 7-10-13 valent latex agglutination kit and quellung reac-
tion with antisera from Statens Serum Institute, Copenhagen.
Capsular serotyping of H. influenzae was performed by slide
agglutination using agglutinating antisera a-f (Remel, Dart-
ford, England). Beta-lactamase production in H. influenzae
was tested with nitrocefin disks (Cefinase, BD, Sparks, USA).

RESULTS:

During the study period 119 specimens were collected and
investigated. In 14 specimens no aerobic bacteria were iso-
lated. Among 105 culture positive samples most frequently
isolated pathogen was S. pneumoniae (n=50; 47,6%), fol-
lowed by H. influenzae (n=29; 27,6%), M. catarrhalis (n=9;
8,6%) and S. pyogenes (n=7; 6,7%). In the remaining 10
(9,5%) middle ear fluid samples the following microorganisms
were isolated: P. aeruginosa—4 isolates, S epidermidis — 2
isolates and S. aureus, S. haemolyticus, P. vulgaris, and A.
Iwoffii —1 isolate each (Fig.1).

Of the 29 H. influenzae isolates, 28 were non-typable — NTHi
(97%). In one isolate capsular serotype a was detected.
Among H. influenzae isolates 4/29 (14%) were found positive
for beta-lactamase production.

The most frequently encountered serotype among pneumo-
coccal isolates was 19F (24%), followed by 6B (14%), 14
(8%), 9V and 3 (6% each), 23F and 18C (4% each) and 1 and
7F (2% each). The remaining 15 isolates (30%) belonged to
serotypes not included in the currently available 7-, 10- and
13-valent conjugate vaccines (Table 1).

The majority of S. pneumoniae isolates (n=26; 52%) were
penicillin non-susceptible, of which six (12%) were penicillin-
resistant (MIC=2 pg/ml) and 20 (40%) - penicillin-intermediate
(MIC 0.12-1 pg/ml). Isolates resistant to erythromycin,
clindamycin and trimethoprim/sulfamethoxazole (TMP/
SMX) were 44%, 32% and 56%, respectively. Pneumococ-
cal isolates resistant to levofloxacin and rifampin were not
found. (Fig 2).
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Among the 26 penicillin non-susceptible isolates, 38% be-
longed to serotype 19F, 19% to serotype 6B and 15% to
serotype 14. Among the six PRSP strains 5 belonged to
serotype 19F and one to serotype 14. Most of the penicillin
non-susceptible isolates were resistant to macrolides and
TMP/SMX (Table 1).

DISCUSSION:

The prevalence of middle ear pathogens reported in the
present study is consistent with those found in several
European countries prior to pneumococcal conjugate vac-
cine introduction into routine immunization programs. In the
majority of pre-vaccine studies S. pneumoniae is the most
frequent pathogen isolated from middle ear fluid, identified in
30-60% of AOM cases worldwide, followed by H. influenzae
which represented 20-52% of the pathogens recovered in
previously untreated AOM. [4, 5]. M. catarrhalis is usually
the third most frequent bacterium isolated (3—20%) and S.
pyogenes accounts for 1-5% of cases [4]. The prevalence
of the different pathogens may vary between countries, de-
pending on vaccination status of the included children and
whether untreated, persistent or recurrent cases of AOM
were included.

NTHiwas found in 97% of H. influenzae AOM episodes in this
study. Virtually all strains of H. influenzae currently causing
AOM are nonencapsulated [6]. As previously reported, NTHi
is more commonly associated with recurrent and persistent
AOM as well as with AOM treatment failures [4, 6].

Among the pneumococcal serotypes found in this study, 19F
was the most frequently isolated serotype, followed by 6A,
14, 9V, 3, 23F and 18C (Table 1). The serotype distribution
of S. pneumoniae was similar to those reported from other
European countries and worldwide. Globally, the most com-
monly reported pneumococcal serotypes causing AOM are
3, 6A, 6B, 9V, 14, 19A, 19F, and 23F [5]. Serotype 19F is
reported to be the most prevalent among AOM isolates in
Germany, Costa Rica, Colombia and Japan [7,8,9,10].
Studies regarding serotype distribution of S. pneumoniae
clinical isolates in Bulgaria are still limited in number. Setch-
anova et al. [1] characterized 146 pediatric pneumococcal
isolates collected between 1998 and 2009 of which 67 were
invasive strains and 79 - respiratory strains. Among respira-
tory isolates the most prevalent serotypes were 19F, 19A,
14, 23F, 9V, 6A, 6B, 15B and 3. In the same study, the most
prevalent serotypes among invasive strains were: 19F, 14,
23F, 5,9V, 6B, 7F and 1. In addition, our preliminary data on
serotyping of 16 pediatric invasive isolates collected in 2010
showed predominance of serotypes 19F, 4 and 1 among the
investigated strains [unpublished data].

Penicillin non-susceptibility rate found in this study (52%) was
higher than the average level reported in Bulgaria. According
to the data from Bulgarian surveillance system tracking anti-
microbial resistance (BulSTAR), collecting reports from 160
laboratories, penicillin non-susceptible isolates accounted for
21,6 % of all reported pneumococcal isolates in 2008 [11].

As shown previously, penicillin non-susceptibility among
AOM isolates in Europe was associated mainly with se-
rogroups 19 and 6 and serotypes 23F and 14 [5]. In-the
present study penicillin non-susceptible and poliresistant
S. pneumoniae isolates also belonged mainly to serotypes
19F, 6B and 14. Moreover, most of the penicillin-resistant
isolates belonged to serotype 19F (Table 1).

In a study of Arguedas et al. [12] serotype 19F was the

predominant serotype causing AOM in Costa Rica, found in
15-75% of cases due to predominance of a penicillin non-
susceptible 19F clone from 1999 to 2001. As a result of
the dissemination of this clone penicillin non-susceptibility
increased from 19.6% in 1992 to approximately 50% in 2001
[12]. Our findings suggest that similar clonal relationship
could be present among Bulgarian pneumococcal isolates.
However, further molecular characterization of the pneumo-
coccal AOM strains is required.
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Fig.1. Proportions of the bacterial pathogens isolated from
middle ear fluid in this study.

N

Nunrher of resist.

20 1

PRSP PISP ERY cLi TMP /SMX LEVO RIF

Fig 2. Antimicrobial resistance of S. pneumoniae isolates in
this study.

PISP-penicillin-intermediate S. pneumoniae,
PRSP-penicillin-resistant S. pneumoniae,

- ERY-erythromycin,

CLI-clindamycin,
TMP/SMX-trimethoprim/sulfamethoxazole,
LEVO-levofloxacin,

RIF-rifampin
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Table 1. Serotype distribution and number of resistant S. pneumoniae isolates from middle ear fluids of Bulgarian children

Serotype Total PISP PRSP ERY CLI TMP/SMX RIF LEVO
n (%) n n n n n n n
19F 12 (24%) 5 5 11 8 11 - -
6B 7 (14%) 5 = 5 5 3 - -
14 4 (8%) 3 1 3 1 4 - -
9V 3 (6%) 3 - - - 3 - -
3 3 (6%) = - = . - = 5
23F 2 (4%) 1 = 1 1 1 - -
18C 2 (4%) - < - - 2 - -
1 1(2%) = = - = = = -
TF 1(2%) = = = = = = =
rs\leorr;-t;gr;jsugate vaccine 15 (30%) 3 : 5 1 4 B .
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ANTIMICROBIAL ACTIVITY
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MULTIDRUG-RESISTANT STRAINS
COLLECTED IN BULGARIA.
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SUMMARY

Background: Tigecycline is a new injectable glycylcycline anti-
bacterial product with potent activity and broad spectrum against
Gram-positive and Gram-negative bacteria currently used for
the treatment of complicated skin and skin structure-infections
and intra-abdominal infections. We evaluated the in vitro activity
of this compound against clinical strains of Gram-positive and
Gram-negative species collected from Bulgarian medical centers
in the National Reference Laboratory for “Control and Monitoring
of Antimicrobial Resistance” at the NCIPD.

Methods: A total of 187 non-duplicate clinical strains from different
medical centers were tested for susceptibility by reference broth
microdilution methods according to Clinical and Laboratory Stand-
ards Institute guidelines and interpretative criteria.

Results: All S. aureus strains were inhibited at a tigecycline MIC
of £0.5 pg/ml. Among the tested Enterococcus strains the highest
tigecycline MIC value was 0.25 ug/ml. Similarly ESBL producing E.
coli and K. pneumoniae exhibited uniformly susceptibility to this
compound with MIC values reaching 2 pg/ml only for some strains
K. pneumoniae. Among the multiple drug resistant A. baumannii
strains collected, our assessment indicated MIC 90 value of 2 pg/ml.
Conclusion: Tigecycline showed highly potent in vitro activity
against all clinical strains tested and appears to be an excellent
therapeutic option for serious infections caused by difficult-to-treat
microorganisms. The present study did not detect any tigecycline-
resistant strains with the exception of a single A. baumannii isolate
with MIC value of 8 pg/ml.

Key words: Tigecycline, MIC, serious infections, MRSA, ESBL

BACKGROUND /INTRODUCTION

Irrational and inappropriate use of antibiotics has resulted in
the emergence of resistant bacteria world-wide. In Bulgaria,
the lack of infection control practice and the absence of anti-
biotic policies in some hospitals has further augmented this
problem. There have been reports from all over the country
on the rising trend of nosocomial pathogens producing ex-
tended spectrum beta lactamases (ESBL) and emergence
of methicillin resistant Staphylococcus aureus. Infections
due to these organisms have resulted in increased mortality,
morbidity and cost of treatment [1]. This increasing resist-
ance among clinical isolates emphasizes the need for new
antimicrobial agents with novel mechanisms of action. Cur-
rently, there are several agents in development aimed at the
treatment of Gram-positive infections. However, new agents
with Gram-negative activity are considerably lacking. To com-
pound the issue, therapeutic alternatives are also severely
limited for patients with multidrug-resistant Gram-negative
infections who exhibit true allergic reactions to penicillins.
Recently, a new antimicrobial class, the glycylcyclines,
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has been found to treat resistant Gram-positive and Gram-
negative infections. These agents are structurally similar
to tetracyclines, which gained prescribers’ favor because
of their broad spectrum of antimicrobial activity, favorable
pharmacokinetic profiles, and minimal adverse events. How-
ever, their application has been severely limited due to the
development of antimicrobial resistance through mechanisms
such as efflux pumps and ribosomal protection. Currently,
tetracyclines are used for the treatment of Gram-negative
infections caused by pathogens with evaluated susceptibility,
not for empirical therapy. Tigecycline, former GAR-936, is
the first representative of glycylcyclines. This compound is a
semisynthetic 9-t-butylglycylamido derivative of the minocy-
cline molecule [2]. Although tigecycline acts on the bacterial
ribosome by binding sites similar to those of tetracycline,
the radical added to position 9 of the tigecycline molecule
has provided additional steric hindrance features that result
in a greater spectrum of activity [3]. Thus, tigecycline has
documented activity against tetracycline-resistant (tet-R)
Gram-positive and Gram-negative pathogens, refractory to
both efflux and ribosomal protection mechanisms [4]. Our
main objective was to evaluate the in vitro activity of tige-
cycline in clinical bacterial isolates recently collected at the
National Reference Laboratory for “Control and Monitoring
of Antimicrobial Resistance” at the NCIPD.

MATERIALS AND METHODS

Bacterial strains

A total of 187 clinical bacterial isolates collected from Bul-
garian medical centers in the period of 2008-2010 were
evaluated. The distribution of species was as following as:
Staphylococcus aureus (36 strains), Enterococcus spp. (27
strains), Escherichia coli (51 strains), Klebsiella pneumoniae
(45 strains) and Acinetobacter baumannii (28 strains). Only
a single isolate per patient was evaluated. The isolates were
identified to the species level by the participating medical
center, and sent to the coordinating laboratory for identifica-
tion confirmation and reference susceptibility testing. The
entire collection of strains was stored at —70°C, with two
subcultures being made before the organisms were tested.
Medical centers

Clinical isolates of facultatively aerobic bacteria were col-
lected in 11 Bulgarian microbiology laboratories distributed
throughout the medical centers of 6 cities: Sofia, Plovdiv,
Varna, Burgas, Russe, Targovishte.

Antimicrobial susceptibility testing

Antimicrobial susceptibility testing was performed using
broth microdilution methods, as described by the Clinical
Laboratory Standard Institute (CLSI, formerly NCCLS)
[5]. Antimicrobial agents were obtained from their respec-
tive manufacturers and testing was perfomed using broth
microdilution panels. MIC panels were incubated at 35°C in
ambient air for 24 h before examination. Minimal inhibitory
concentrations (MICs expressed in micrograms per milliliter)
results for all isolates were categorized as susceptible or
resistant according to the breakpoints published by CLSI.
Quality control measures were utilized by testing S. pneu-
moniae ATCC 49619, S. aureus ATCC 29213, Enterococcus

- faecalis ATCC 29212, Escherichia coli ATCC 25922, and

Pseudomonas aeruginosa ATCC 27853.

RESULTS

Minimum Inhibitory Concentration (MICs) were determined
using broth microdilution panels and interpreted according to
CLSI guidelines. There is still a lack of universally accepted
interpretative MIC breakpoints for Acinetobacter baumannii.
The FDA and the European Committee on Antimicrobial
Susceptibility Testing (EUCAST) have issued interpreta-
tive breakpoints of susceptibility for tigecycline, though for
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categories of pathogens other than Acinetobacter spp. The
breakpoints referring to Enterobacteriaceae established by
CLSI have been used as provisional breakpoints for Aci-
netobacter spp.Species tested in rank order of frequency
were as follows: S. aureus (14 % MRSA); Enterococcus
spp. (100 % high level aminoglycoside resistant), E. coli (53
% ESBL-producers), Klebsiella pneumoniae (89 % ESBL-
producers) and Acinetobacter baumannii (82% meropenem
resistant). Our results outlined in Table 1 show uniform
susceptibility of all the isolates tested to tigecycline except
for a single A. baumannii strain having MIC value of 8 ug/
ml. To the exclusion of this strain, the highest MIC value that
was reached was 2 pg/ml for some of the A. baumannii and
ESBL producing K. pneumoniae isolates. Table 1 indicates
the currently established CLSI breakpoints, MIC50/MIC90
(MIC values at which 50 and 90% of the isolates tested are
inhibited), percentage of susceptible and resistant strains,
and maximum/minimum MICs.

The total of 14 A. baumannii isolates collected exhibited
multiple resistance phenotypes towards B-lactam antibiot-
ics (including 82% meropenem resistant), quinolones and
aminoglycosides. In addition to tigecycline the MICs of the

following antimicrobial agents were determined simultane-
ously: cefepime, piperacillin/tazobactam and levofloxacin.
Tigecycline was the most active drug agent in vitro with MICs
ranging from 0.5 to 8 pg/ml. Only a single isolate (3%) was
categorized as resistant to tigecycline (MIC value 8 pg/ml).
MIC50 and MIC90 values for the three other antibacterial
agents tested reached the breakpoint level of resistance - >32
pg/ml for cefepime, >128 ug/ml for piperacillin/tazobactam,
and 8 pg/ml for levofloxacin, rendering tigecycline with the
highest in vitro activity against A. baumannii.

Enterococcus strains were evaluated as 100% susceptible to
tigecycline. Maximum MIC values reached 0.25 pg/ml. MIC50
and MIC90 values were determined as 0.12 ug/ml and 0.25
pg/ml respectively. In addition to tigecycline the MICs of the
following antimicrobial agents were also determined simulta-
neously: levofloxacin, linezolid, and vancomycin. In this study
we did not detect resistant to linezolid Enterococcus strains
but only 4% (1 isolate) exhibited vancomycin resistance. In
regard to levofloxacin the proportion of susceptible strains
was measured as 55%. These results arrange tigecycline as
the most active drug agent in vitro against Enterococcus spp.
followed by vancomycin (92% susceptibility) and linezolid

Table 1. Antimicrobial activity of tigecycline in comparison with selected antimicrobial agents against 187 clinical strains collected
in Bulgaria.

: : MIC50 MIC90 % % Min Max
Organism/Drug Breakpoints (SIIR) (ug/ml)  (ug/ml)  Susceptible  Resistant (ug/ml) (pg/ml)
Acinetobacter baumannii (N = 28)

Cefepime <816 | 232 > 32 > 32 7 93 <0.5 >32
Piperacillin/Tazobactam <16/4 | 32/4-64/4 | 2128/4 > 128 > 128 7 83 0.06 >128
Levofloxacin
Tigecycline <2|4|28 8 >8 14 7l 0.25 >8
<2|4|=282 1 2 97 3 0.25 8
Enterococcus spp (N = 27)
Levofloxacin <2|4|28 2 >32 55 33 0.5 > 32
Linezolid <2|4|28 2 4 89 0 <05 4
Vancomycin <4 | 8-16 | 232 1 4 92 4 0.5 >32
Tigecycline <0.25|--120.5 0.12 0.25 100 0 0.015 0.25
Escherichia coli (N =51)
Cefepime <816 | 232 32 >32 45 53 <05 >32
Levofloxacin <2|4|28 8 >8 31 69 0.015 >8
Piperacillin/Tazobactam <16/4 | 32/4-64/4 |2128/4 4 32 82 4 1 >128
Tigecycline E.coli ESBL
Tigecycline <2|4|28 0.25 0.5 100 0 0.12 0.5
E.coli non ESBL
<2428 0.25 1 100 0 0.12 1
Klebsiella pneumoniae (N = 45)
Celmpins el Bt b >32  »32 20 80 <05 >32
Levofloxacin <2|4|28 8 >8 33 53 0.06 >8
P}peram!llnfrazobactam <16/4 | 32/4-64/4 |2128/4 64 >128 38 35 1 >128
Tigecycline
K.pn. ESBL <2|4|28
Tigecycline 0.5 2 100 0 0.25 2
K.pn. non ESBL <2|4|28 05 1 100 0 05 1
Staphylococcus aureus (N = 36)
tﬁl‘;"zﬂ;i’;ac'” <1]2|24 025 4 86 11 <0.06 >32
Yancamyein <4|--|28 2 4 97 3 1 8
Tigecycl?(ne (MRSA) <=2|4-8 | 216 1 2 100 0 0.5 2
<i i
Tigecycline (MSSA) <0.5|--| 21 0.25 0.5 100 0 0.06 0.5
<0.5|-| 21 0.12 0.25 100 0 0.06 0.25

a - Provisional breakpoints for Acinetobacter spp.
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(89% susceptibility).

Tigecycline was highly active against both methicillin-resist-
ant and —susceptible S. aureus. The observed MIC50 values
were 0.12 and 0.25 ug/mL, and MIC90 0.25 and 0.5 ug/mL
for MSSA/MRSA respectively. These records recognized
all S. aureus strains, irrespective of their methicillin resist-
ance profile, as 100% susceptible to tigecycline in vitro. As
with Enterococcus spp., simultaneous MIC evaluation was
performed for levofloxacin, linezolid, and vancomycin. MIC
distributions revealed high portion of suscebtible isolates to
vancomycin (100%), linezolid (97%), and levofloxacin (86%).
E. coli ESBL and non-ESBL producers presented consider-
able inhibition by tigecycline and none of them reached the
upper threshold for susceptibility of 2 pg/mL. MIC values
were distributed between 0.5 and 1 pg/mL; MIC50, 0.25 ug/
mL for both groups and MIC90, 1 pg/mL and 0.5 ug/mL for
non-ESBL and ESBL producers, respectively. In addition to
tigecycline, the in vitro activity of three other antibacterial
agents was assessed: cefepime, piperacillin/tazobactam and
levofloxacin. Of these, piperacillin/tazobactam showed high
activity against 82% of the E. coli isolates. 53% of all isolates
were resistant to cefepime and 69% - to levofoxacin. While
only 4% resistance was detected to piperacillin/tazobactam,
not a single resistant strain to tigecycline was observed in
this study.

Tigecycline showed high potency also against all K. pneu-
moniae strains regardless of ESBL production. Nevertheless
ESBL producers exhibited higher MIC90 (2 pg/ml) than non
ESBL isolates (MIC90 1 pg/ml), whereas MIC50 was evalu-
ated 0.5 pg/ml for both groups. Similarly to E. coli, the in vitro
activity of cefepime, piperacillin/tazobactam and levofloxacin
was assessed. 80% of the K. pneumoniae strains were de-
termined as cefepime-resistant, which correlates with the
higher portion of ESBL producers by comparison with E.coli.
MIC values for levofloxacin and piperacillin/tazobactam
exhibited 33% and 38% suscebtibility, respectively. From
these results tigecycline was considered as the drug agent
with the highest in vitro potency against all K. pneumoniae
strains (100% susceptible).

DISCUSSION

Tigecycline, a novel glycylcycline antibiotic, exhibits strong
activity against Gram-positive, Gram-negative, aerobic,
anaerobic, and atypical bacterial species, including many
resistant pathogens, i.e., vancomycin-resistant enterococci,
methicillin-resistant S. aureus and penicillin-resistant S.
pneumoniae [6, 7, 8]. Our results show uniformly the sus-
ceptibility of all S. aureus and Enterococcus spp. isolates to
tigecycline. We measured maximum MIC levels of 0.5 ug/
ml for staphylococci and 0.25 pg/ml for enterococci. In ad-
dition, tigecycline has shown excellent activity against most
Gram-negative pathogens, including Enterobacteriaceae,
Acinetobacter spp., Stenotrophomonas maltophilia [6, 7],
Haemophilus influenzae, and Neisseria spp. [9]. Against
our collection of E. coli and K. pneumoniae ESBL produc-
ing isolates, tigecycline was very potent, inhibiting 100% of
them at a concentration of 1 pg/ml for E. coli and 2 pg/ml

for K. pneumoniae. Irrespective of beta-lactamase produc-

tion tigecycline was the most effective drug agent in vitro
by comparison with cefepime, piperacillin/tazobactam and
levofloxacin. Tigecycline’s expanded broad-spectrum ac-
tivity is further evidenced by its activity against Legionella
pneumophila [10], Chlamydia [11], rapidly growing nontu-
berculosis mycobacteria [12] and anaerobes [13]. On the
other hand, tigecycline has demonstrated limited activity
against P. aeruginosa and Proteae isolates. It evades ac-
quired efflux and target-mediated resistance to classical
tetracyclines, but not chromosomal efflux in Proteae and
Pseudomonas [15]. We observed the same trends in our
study (data not shown). Tigecycline, a semisynthetic deriva-
tive of minocycline is an ideal antimicrobial agent in that it is
largely unaffected, as are other glycylcyclines, by a number
of defense mechanisms such as protein binding, B-lactamase
production (ESBL production, AmpC hyperproducers), the
van resistance genes, and others that are used by many of
the commonly encountered isolates in community-acquired
and nosocomial infections [14]. Regarding A. baumannii, this
pathogen has been shown to be susceptible to tigecycline
in large-scale microbiological studies. Tigecycline has also
shown adequate activity against Acinetobacter species
of potential clinical significance other than A. baumannii.
Still, whether tigecycline constitutes a potentially effective
treatment option against highly resistant Acinetobacter spp.
has not been evaluated in a comprehensive manner [16].
According to our results more than 90% of all A. baumannii
isolates did not reach the breakpoint level for resistance and
exhibited maximum MIC value of 2 pg/ml. A single strain
was recognized as resistant to tigecycline with MIC 8 pg/
ml. By comparison with the other antibacterial agents tested
against A. baumannii (cefepime, piperacillin/tazobactam and
levofloxacin), tigecycline showed the highest in vitro activity
towards these multiple-drug-resistant strains.

Tissue penetration of tigecycline is excellent and the com-
pound has shown equivalence to imipenem/cilastatin in
intra-abdominal infection and to vancomycin plus aztreonam
in skin and skin structure infection. Tigecycline may prove
particularly useful for treatment of surgical wound infections,
where both gut organisms and MRSA are likely pathogens.
It is also likely to find a role in the treatment of infections due
to multiresistant pathogens, including Acinetobacter spp. and
ESBL producers, as well as MRSA and enterococci. On the
other hand, the low Cmax in serum must be of some concern
if bacteraemia is present [15].

Our results agree with previous in vitro studies [6, 7] and em-
phasize that tigecycline has excellent activity and spectrum
against Gram-positive and some Gram-negative bacteria,
including multi-drug resistant strains, and bacterial patho-
gens causing community-acquired infections or isolated from
patients hospitalized in Bulgarian medical centers. All the
isolates tested in our study did not exceed the breakpoints
for susceptibility to tigecycline with the exception of a single
A. baumannii isolate. These results, associated with the
tigecycline clinical efficacy data already published, suggest
that tigecycline may have an important role in the treatment
of severely ill patients, especially in an environment with
high antimicrobial drug resistance levels such as in Bulgaria.
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SUMMARY

C. difficile infections (CDI) are associated with patients who have
contact with health care settings and with antibiotic exposures. This
anaerobic bacterium causes asymptomatic colonization to severe
diarrhea; pseudomembranous colitis, toxic megacolon, intestinal
perforation and death.

C. difficile is recognized as a gut colonizer and a cause of diarrhea
in several animal species.

The enteropathogen produces enterotoxin A and cytotoxin B. The
majority of strains with changes in coding genes tcdA and tcdB
produce a binary toxin CDT.

PCR-ribotyping method and PCR methods for detection of toxin cod-
ing genes were presented for characterization of C. difficile strains.
Ninety stool samples from patients (65/90) and animals (25/90) were
investigated for C. difficile. 20% (18/90) of all samples were positive
for C. difficile. 23% (15/65) from clinical samples and 12% (3/25) from
horses were positive for C. difficile by culture test. 21, 5% (14/65)
of clinical isolates produce toxins A and B by EIA. 86,7% (13/15)
from clinical samples were PCR positive for tcdA gene. Deletion in
tcdA gene (714bp) was detected in 40% (6/15) of the clinical strains.
93,3% (14/15) C. difficile clinical strains were positive for tcdB
gene. Three toxigenic variants C. difficile have been distinguished
among clinical strains by PCR: 46,67% (7/15) toxin A+B+; 46,67%
(6/15) A-B+ and 6,67% (2/15) A-B-. The binary-toxin genes cdtA
and cdtB was PCR detected in one of the A+B+ strains. The genes
tcdA, tcdB and cdtA/cdtB were not detected in C. difficile isolates
from horses by PCR.

The most prevalent ribotypes among C. difficile clinical strains
were: 017- 40% (6/15); 002- 13%; 014/020-13% and 012, 046, 078
were represented by 7% each. Patterns were compared to reference
ECDC C. difficile collection. Thirteen percent of

C. difficile clinical strains were corresponded to unknown PCR-
ribotypes. PCR-ribotyping patterns of the C. difficile isolates from
horses were different from patterns of the clinical strains.

The significant number of cases C. difficile diagnosed with outbreak
ribotypes may represent a significant problem in the future.

Key Words: toxin genes, PCR, PCR-ribotyping, ribotypes

INTRODUCTION

Clostridium difficile is an anaerobic, Gram-positive, motile
and spore forming bacterium. The microorganism was
isolated from stools of healthy newborn infants by Hall and
O'Tool in 1935 (11). It was not known as a pathogen so the
“toxin” of the organism was not studied until 1970 (21). Later
the investigators have associated

C. difficile with pseudomembranous colitis (PMC). Authors
have discovered that the clinical samples from patient with
PMC contain high levels of cytotoxic activity.

C. difficile causes disease in humans and animals (10).

C. difficile infections (CDI) has been associated with patients
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who have contact with health care settings and who have
taken antibiotics (3, 32). This anaerobic bacterium transmit-
ted via fecal-oral route and can contaminate hands of health
care workers and patients, and patient care environment (29,
32). The organism can be isolated from the clothing and room
fixtures of the patient. C. difficile once fall into environment
can persist for months, because of spore producing.

In the recent years, CDI are recognized as a cause of
diarrhea in outpatients and person with no health care
contacts. Community-associated infections have been de-
scribed among young people and people without antibiotic
exposures (7).

C. difficile is associated with asymptomatic colonization to
severe diarrhea; pseudomembranous colitis, toxic mega-
colon, intestinal perforation and death (3, 29). It causes
approximately 25% of the cases of antibiotic-associated
diarrhea (CDAD) (4, 21). Asymptomatic carriers are an im-
portant hidden reservoir of C. difficile and they can spread
the infection to other patients. Clinical symptoms develop in
one third of colonized patients (27).

The incidence of PMC varied widely between different hospi-
tals and even between different wards in the same hospital.
Some investigators reported rates as high as 10% in patients
treated with clindamycin (21).

C. difficile is recognized as a gut colonizer and cause of
diarrhea in several animal species (horses, dogs, ostriches,
rabbits, cats and pigs). The prevalence of this enteropatho-
gen in the faeces of dogs is 6% and in cats to 40%. Reported
faecal carriage rates in horses is 2%-29% (1). C. difficile is
pathogen in domestic and food animals but there were little
investigation regarding transmission of this organism (22).
C. difficile produces two toxins: enterotoxin A (Tcd A, 308
kDa) and cytotoxin B (Tcd B, 270 kDa). Toxin B acts syner-
gistically with toxin A after the epithelium has been injured
by TcdA (23). The coding chromosome genes tcdA and tcdB
are located within a =19,6-kb region of PalLoc (pathogenic-
ity locus) (32, 34). TcdA and TcdB are known as virulence
factors and markers for diagnosis of C. difficile disease. Not
all toxigenic strains produce both toxins A and B. There are
different variant C. difficile strains among people and animals,
some of them produce both toxins (A+B+); others produce
only TcdB (A-B+) and third produce only parts of the toxin
genes (A-B-) (16, 17). The majority of strains with changes
in genes tcdA and tcdB produce a binary toxin (8). The role
of the binary toxin CDT A/B in enteropathogenecity of

C. difficile is unclear. Toxins can be found in 15%-25% of the
stool of patients with CDAD and more than 95% of patients
with pseudomembranous colitis (29).

The diagnostic tests for C. difficile are divided into: (i) test
based on detection of

C. difficile products; (ii) culture methods; (iii) molecular
methods for gene detection (6) . The cell culture cytotoxicity
assay (CCA) is regarded as the reference standard. Many
laboratories use enzyme immunoassays (EIA) and PCR for
detection of C. difficile toxin genes (4, 6).

PCR- ribotyping method have been used to determine the
role of the environment; patient-to-patient transmission
and for investigation of outbreaks in hospitals and nursing

* homes (19, 33). This method has a number of advantages

over other typing methods: specifically; high discriminatory
power; and it is quicker and simplier for performance. PFGE
is considered as a “gold standart” for genotyping, but due to
DNA degradation in some C. difficile strains (produce endog-
enous nucleases), other typing technique is preferred (5, 12).

OBJECTIVES

Presentation of PCR-ribotyping method and PCR methods
for detection of toxin coding genes for characterization of
C. difficile strains isolated from human and animal samples.
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METHODS

Ninety stool samples were investigated for C. difficile. Sixty
five were from patients with mild to severe enterocolitis and
previous antibiotic treatment, and 25 were from healthy
horses.

Laboratory diagnosis of C. difficile was performed by culture
test on nonselective media and selective media (selective
supplements: Amphotericin B, cycloserine and cefoxitin) (15).
Detection of Toxin A and Toxin B was performed by Immuno
Card Toxins A&B-EIA (Meridian, Bioscince, USA).

For identification of C. difficile was used Latex-agglutination
Culturette TM CDTTM Test Kit (Becton Dickinson, USA) (15).
Bacterial DNA was isolated by QlAampR DNA Mini Kit (Qia-
gen). Detection of toxin genes: tcdA, tcdB, cdtA and cdiB
was performed by PCR.

The following primers were used for gene amplification:

@ tcdA gene (331bp)

Tox-A-s 5-TGTTGGAATAGGTGCTGAAG-3’

ToxA-as 5’ AGATGGAGATGAGAAAAAGTGA- 3’ (in house
primers, ECDC)

e deletion in tcdA gene (2535bp/ 714bp)

NKV 011 5-TTTTGATCCTATAGAATCTAACTTAGTAAC-3'
NK 9 5- CCACCAGCTGCAGCCATA- 3’ (16)

e tcdB (204bp)

NK104 5’- GTGTAGCAATGAAAGTCCAAGTTTACGC- 3’
NK105 5-CACTTAGCTCTTTGATTGCTGCACCT- 3’ (17)
@ cdtA (376bp)

cdtA- fw 5-TGAACCTGGAAAAGGTGATG-3

cdtA- rev 5- AGGATTATTTACTGGACCATTTG-3'(8)

e cdtB (510bp)

cdtB-fw 5- CTTATTGCAAGTAAATACTGAG- 3
ctdB-rev 5'- ACCGGATCTCTTGCTTCAGTC- 3’ (8)

PCR- ribotyping was performed with primers:

16S 5-GTGCGGCTGGATCACCTCCT- 3

23S 5-CCCTG CACCCTTAATAACTTGACC- 3’ and ac-
cording Bidet's protocol (2).

PCR products were separated by “HDA-GT12” capillary gel
electrophoresis system (Qiagen Corp.) (33).

RESULTS

20% (18/90) of all stool samples were positive for C. difficile.
23% (15/65) from clinical samples and 12% (3/25) from
horses were positive for C. difficile by culture test. 21, 5%
(14/65) of clinical isolates produce toxins A and B by EIA. The
three isolates from horses were negative for toxins by EIA.
Identification of C. difficile strains was confirmed by Gram-
staining and latex-agglutination test.

The tcdA gene was detected by PCR with primers Tox-A-s/
Tox-A-as in 86,7% (13/15 clinical isolates) whereas 13,3%
(2/15) were negative with these primers (Fig. 1).
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Fig. 1. Detection of tcdA gene in C. difficile clinical strains
1- 36; 2- 181; 3- 1795-9; 4- 1797-15; 5- 217; 6- 223; 7- 239;
8- 253; 9- negative control, ddH20; 10- ribotype 002 (ECDC)
possitive for toxA gene; 11- DNA marker, 50-1000 bp

Deletion in tcdA gene (714bp) was detected in 40% (6/15)
of the clinical strains and they were toxin A-negative. The
intact tcdA gene (2535bp) was amplified in 46,7% (7/15) of
the strains, which were considered as toxinA- positive. We
don’t detect tcdA gene and with primers NKV 011/NK 9 in
13,3% (2/15) C. difficile strains (Fig. 2).

Discrimination of A+/B+ and A-/B+ C. difficile isolates was
performed by PCR with primers NKVO011/NK9 targeting a
specific deletion in tcdA gene (714bp) (16). Presence of this
deletion leads to production of inactive toxin A.
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Fig. 2. Detection of deletion in tcdA gene in clinical strains C.
difficile
1- 1795-5; 2- 225; 3- 240; 4- 36; 5- 181; 6- 217; 7- 223; 8- 253;
9- 256; 10- 237;
11- 238; 12- negative control, dd H20; 13- ribotype 001; 14-
ribotype 017; 15- DNA marker, 100bp-3000bp

The tcdB gene was detected in 93,3% (14/15) C. difficile
clinical strains and only a single strain was negative with
primers NK104/ NK105 (Fig. 3).

Fig. 3. Detection of tcdB in clinical strains C. difficile
1- 36; 2- 250; 3- 253; 4- 256; 5- 262; 6- ribotype 002 (ECDC);7-
negative control, dd H20; 8- DNA marker, 50-1000 bp

Three toxigenic variants C. difficile have been distinguished
among clinical strains by PCR: 46,67% (7/15) toxin A+B+;
46,67% (6/15) A-B+ and 6,67% (2/15) A-B-. In our inves-
tigation predominant toxigenic variants were toxin A+B+
and A-B+.

The binary-toxin genes cdtA and cdtB was PCR detected in
one of the A+B+ strains (Fig. 4).
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Fig. 4. Detection of cdtA/cdtB in clinical strains C.difficile
1- ribotype 003 (ECDC); 2- ribotype 015; 3- ribotype 056; 4-
ribotype 027; 5- ribotype 023; 6- 36; 7- 181; 8- 1795-9; 9- IHK
marker, 100- 3000 bp

The genes tcdA, tcdB and cdtA/cdtB were not detected by
PCR in the C. difficile isolates from horses.

The PCR-ribotyping scheme has been applied for typing
isolates C. difficile from the United Kingdom since 1995 (28).
PCR-ribotyping patterns are based on size variations in the
16S-23S intergenic spacer region of the bacterial rRNA (rrn)
operon. Variation in spacer length also observed not only in
different isolates, but and between different copies of the
operons in the same genome (31).
The PCR ribotyping by Stubs et al. has been applied on 2,030
strains: 1,631 clinical isolates and 133 reference strains.
These C. difficile strains belonged to 116 different ribotypes
(28). According to Sadeghifard et al. the size of intergenic
spacer regions ranges from 238bp to 566bp (26). Indra et
al. have been received fragments with a minimum size of
233bp and a maximum of 680bp (13).
We applied PCR-ribotyping method with 16S/23S primers
to 43 strains C. difficile: 25 reference (collection of ECDC);
15 clinical strains and 3 strains with animal origin
(horses) (Fig. 5).
The capillary gel electrophoresis yielded to different number
of fragments per every single strain C. difficile. Fragments
had size from ~230bp to ~690bp and they could be compared
well with size of the fragments in Sadeghifard’s and Indra’s
approaches (13, 26).
We distinguished six ribotypes among investigated clinical
isolates C. difficile:
40 % (6/15) of isolates C. difficile are ribotype 017/ isolates
36, 181, 217, 237, 238, 250 ; 13% (2/15)- ribotype 002/
isolates 240, 262; 13% (2/15)- ribotype 014 (020)/ isolates
253, 256; 7% (1/15)- ribotype 078/ isolate 1795-9; 7% (1/15)-
ribotype 046/ isolate 1797-5; 7% (1/15) — ribotype 012/isolate
225 (table 1).
13% (2/15) of clinical isolates C. difficile are not typeble (iso-
lates 223 and 239). Isolate C. difficile 223 gave by capillary
gel electrophoresis two fragments ~ 300bp and ~386 bp;
isolate 239 - ~210bp and ~470bp.
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Fig. 5. PCR-ribotyping of C. difficile clinical strains
1- DNA marker, 50-1000bp; 2- ribotype 002 (ECDC); 3- 240;
4- 262; 5- ribotype 012; 6- 225; 7- ribotype 014; 8-ribotype
020; 9- 253; 10- 256; 11- ribotype 017; 12- 36; 13- 181; 14- 217;
15- 237; 16- 238; 17- 250; 18-ribotype 046; 19- 1797-15; 20-
ribotype 078; 21- 1795-9; 22- 223; 23- 239; 24- DNA marker,

50-1000bp

Table 1. Prevalent ribotypes in C. difficile clinical isolates
Ribotype Percent out of all determined
(n = 13 isolates) Ribotypes

(%)
017 (6) 40
002 (2) 13,3
014/020 (2) 13,3
012 (1) 6,7
046 (1) 6,7
078 (1) 6.7

The prevalent PCR-ribotype in clinical isolates C. difficile
is 017. Four isolates ribotype 017 (isolates 217, 237, 238,
250) origin from one hospital in Sofia. Three patients with
C. difficile ribotype 017 (isolates 181, 217 and 237) infection
had lethal outcomes (33).

The ribotype of 10 clinical isolates C. difficile (36, 181, 1795-
9,1797-15, 217, 225, 237, 238, 240, 250) were confirmed by
PCR-ribotyping in C. difficile Reference Laboratory /CDRL/,
Leiden University Medical Center, The Netherlands (14).
PCR-ribotyping patterns of the three isolates C. difficile from
horses were different from patterns of the clinical strains. We
differed in their ribotype profiles two basic fragments: one
~230-240bp and other ~430bp-440bp. Two of the isolates
from horses have identical profile (8-h and 22-h) (Fig. 6).
The new emerging ribotype 078 C. difficile has recently
been found to be prevalent in Belgium, The Netherlands,
Northern Ireland, Scotland and Greece (9). Ribotypes 046
and 017 have been reported to be the most prevalent types
in nosocomial and community-aquired settings (18)

" The first outbreak due to C. difficile ribotype 017 was de-

scribed in Canada in 1999 (24). PCR ribotype 017 has been
the most prevalent type in the studies of Van den Berg. They
improved that 94% (37/39) of C. difficile isolates have been
017 type (toxin A-/B+). Pituch et al. have investigated preva-
lence of PCR-ribotypes C. difficile isolated from symptomatic
patients in Warsaw. 45,5% (357/785) of isolates C. difficile
from patients with CDAD have been ribotype 017. Isolates
belonging to PCR-ribotype 017 have been found in epidemics
among patients with antibiotic—associated diarrhea in internal
and surgery units (25).
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Fig.6. PCR- ribotyping of C. difficile isolates from horses
1-7;2-8;3-22

CONCLUSIONS

For the first time in Bulgaria with PCR-ribotyping method
and PCR-methods for detection of toxin coding genes were
characterized C. difficile isolates with human and animal
origin. C. difficile isolates were compared to the most preva-
lent ones in European countries. (30). The results of the
current study would improve the diagnostic and therapeutic
preparedness of the Bulgarian hospitals when dealing with
C. difficile infections.

There were no data for acquisition of a human CDI as a result
of animal contact but animal acquisition of C. difficile from
humans has been suggested by some studies (20). The lack
of a standard nomenclature and typing system, complicate
understanding of common C. difficile strains between animals
and humans (10).
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SUMMARY:

Lyme borreliosis is the most common tick-borne infection in
Europe. All age groups are susceptible. Problems of persons
over 60 years (60 +) are the focus of WHO and relative institu-
tions. Various aspects of infectious diseases in patients over 60s
are not investigated. Our goal was to investigate the course of
Lyme borreliosis (LB) in elderly patients. 74 patients with Lyme
borreliosis aged 61 to 85 years and 89 controls aged 20 to 57
years for the period 2000 — 2007 were examined. Routine clinical
and epidemiological methods, hematological and biochemical
tests, serological methods for detection of anti-borrelial antibod-
ies in serum and CSF of patients were used. Variation, alterna-
tive, parametric, correlation and graphical analysis were used for
statistical analysis. Within this period in Varna region, 497 people
were infected with LB, of whom 344 were hospitalized. Of these,
149 were aged over 60 years (32.55 percent). 77.02% of the adults
have accompanying ilinesses. Clinical course, laboratory findings,
seropositivity and therapeutic approaches in patients with LB at
60 + are described. Conclusions: Lyme borreliosis proceeds as
normal in patients over 60 years; in patients at 60 + late LB was not
observed; the most common form of early LB in elderly patients
was EM; in 44.59% of the patients wound, crusta, necrosis or bula
were found in the central part of EM; regional lymphonodulitis was
established in 48.64% of the patients over 60 years with LB; initial
seropositivity was present in 18.90% of the patients at 60 +. Early
and adequate treatment of the old patients conducted in the early
stage of LB is beneficial and a guarantee of a good prognosis.

Keywords: Lyme borreliosis, elderly, erythema migrans

INTRODUCTION:

Lyme borreliosis (LB) is the most common tick-borne disease
in Europe. The most affected are Veliko Tarnovo and Varna
regions, but in recent years the disease is widespread. All
age groups are affected. Problems of patients over 60 years
(60 +) are the focus of WHO and its sister institutions. This
age group is associated with a number of socially signifi-
cant diseases. Problems of atherosclerosis, cardiovascular
diseases, diabetes, dementia and others are studied in
detail. Information in the literature about course of infectious
diseases in old and elderly patients is scarce. A number of
issues of infectious diseases in patients over 60-year-old
are not investigated.

OBJECTIVE:
To investigate course of Lyme borreliosis (LB) in old and
elderly patients.

MATERIAL AND METHODS:

74 patients with Lyme borreliosis aged 61 to 85 years (mean
age - 73,24 + 1,83 years old) and 89 controls aged 20 to 57
years (mean age - 37,46 + 4 62 years) for the period 2000
- 2007 were studied. Routine clinical and epidemiological
methods were used - targeted epidemiological history, physi-
cal examination and monitoring of patients, haematological
and biochemical tests - blood count, blood sugar, urea,
total bilirubin, GPT, GOT, urine and CSF; CRP, serological
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methods for detection of antibodies to Borrelia burgdorferi
in serum and CSF of the patients - enzyme immunoassay
method (ELISA); ECG and EMG studies. Al clinical labora-
tory tests were made in the laboratory of Clinical Infectious
Diseases Clinic of the University Hospital “St. Marina” EAD
- Varna. For statistical processing of primary information,
variation, alternative, parametric, correlation and graphical
analysis were made.

RESULTS:

Within period 2000-2007 in Varna region, a total of 497
people were registered and 344 of them were hospital-
ized. Of these, 149 aged over 60 years (32.55%). Patients
of 18-59 years were 41.86% and 25.58% were children.
The group of 60 + was dominated by rural inhabitants,
while in controls it was inversely (p <0,05). Official regis-
tration of RIPCPH showed that total number of infected
from the cities during the observed period was greater.
Figure 1 and Figure 2 shows distribution by sex and resi-
dence of the patients. Women in both groups were more often
infected than men. Similar data have been provided by other
Bulgarian as well as European authors (2,3,4,6,9,10,12).

3888883

age 60+ control
group

Fig 1. Distribution of patients with LB by gender
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Fig 2. Distribution of patients with LB by residence

All 74 patients at age 60 + reported a tick bite, and similar is
situation in the control group - only 5 (5.61%) had no recol-
lection of tick bites but an opportunity for tick attack - farm-
ing, working in the field and others (Table 1). According to
the current knowledge, LB without a tick bite does not exist
(12). When tick infestation is about 20%, estimated risk is
that one of 100 bites causes EM case and one of 400 - a
case of LB in stage II-lll (12).
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Table 1. Tick bites location

Tick bite

Leg Hand
Contiols number 31 8
pag % 34,83 8,98
,60+" number 20 4
n=74 % 27,02 5,40

No data for
Body Head Neck tick bite
22 15 0 5
24,71 16,85 0,00 5,61
36 11 3 0
48,64 14,86 4,05 0,00

The disease is characterized by seasonality, and the larg-
est number of hospitalized patients with LB over 60 years
were in May, April and June (Fig. 3). Similar was situation
with the controls. Actually, there were infected patients from
February to November, corresponding to the seasonal peak
in number of tick populations in the region. Seasonal peak of
ticks is from April to July, but circulation is up to October (1).
During the observed period, entering of species . ricinus in
settlements, gardens, parks, green spaces around dwellings,
was reported. About VVarna district according to our authors
(1), leading among tick populations is that of I. ricinus — up to
83% and it is the main vector of LB. l.ricinus is the dominant
species in the whole country and in Europe, which explains
why LB is the most common tick-transmitted

infection. In Varna region, estimated tick infestation is
15.05% (1).

The incubation period of LB is from 3 days to 4 weeks.
In investigated by us patients, it was 10.05.+ 2.68 days
and in controls it was 8.32 +0.90 days (from 2-30 days).
Table 2 shows that 77.02 % of adults had accompanying ill-

Number of patients of 60+

Fig. 3. Number of patients of 60+ with Lyme disease accord-
ing to season %

nesses and in the control group - only 5.61% (p <0.05). The
most numerous was group of patients over 60 + with hyper-
tension.The sum of percentages does not equal 100 because
some patients had more than one iliness.

Table 2. Presence of accompanying illnesses in patients with Lyme disease (p<0.05)

Patients 60+ Controls (18-59 y)
Accompanying illnesses n=74 n=89

Number % number %
Yes 57 77,02 5 5,61
No 17 22,97 84 94,38
Hypertension 49 66,21 2 2,24
Ischemic heart disease 15 20,27 0 0,00
Cerebral vascular disease 4 5,40 0 0,00
Heart failure 6 8,10 0 0,00
Bronchial asthma 2 2,70 0 0,00
Rheumatoid arthritis 2 2,70 0 0,00
Ulcer 2 2,70 1 1,12
Chronic gastritis 1 1,36 0 0,00
Neoplasm 5 6,75 0 0,00
XBBCH 1 1,85 1 1,12
XOBBb 3 4,05 0 0,00
Parkinson syndrome 1 1,35 0 0,00
Diabetes mellitus 4 5,40 0 0,00
Renal stone disease 1 1,35 0 0,00
Chronic lymphatic leucosis 1 1,35 0 0,00
Neurosis, neurasthenia 0 0,00 1 1,12
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Data from the literature on the clinical manifestation
suggest that it varies in different regions according to
antigenic mosaic of the etiological agent (12). Transi-
tion from one stage to another is sometimes smooth,
but sometimes there are symptoms characteristic of
various stages.The disease can appear at every stage.
Table 3 shows clinical characteristics of LB observed in our
patients. Typical manifestation of the first stage of the dis-
ease is Erythema migrans (EM) - erythematous skin lesion
- an expanding ring or arch-shaped gradually fade into the
center. It starts as red papula or macula, which for several
days to weeks, extends to a large, red plaque measuring 5 to
50 cm (3,12). EM is the only manifestation of Lyme disease,
which is sufficient for diagnosis without need of laboratory
confirmation (12). EM was observed in 95.94% of the adult
patients (71) and in 83.14% of the controls. EM in patients
at 60 + was most frequently localized in the body and espe-
cially axillary, on the groin, under breasts, on the abdomen
(48.64%), while in patients from the control group, EM was
often located in lower limbs (34.83%). Established size of EM
was 5 to 70 cm, average 11.40.+ 3.29 cm, similar to the size
of patients in the control group - 13,20 + 2,62 cm (5-50 cm).

Ourobservations indicate thatin VVarna region 41.89% of the old
patinets and 62.92% of the controls had typical (classical) EM.
Predominant form of EM in the studied patients was oval,
followed by round-shaped and type “map”. Changes in the
center of EM (Table 14) were found — sign of a bite with a
wound, necrosis, bula, crusta, or a central lividity - these
changes occurred in 44.59% of the patients at 60 + and
in 20.22% of the controls, which we attribute to the age
changes in the wall of blood vesselsl and reduced regen-
erative capacity of the elder organism. Recovery period
for complete clearing of the EM ranged from 3 to 35 days,
average 13.26 + 2.63 days. In 42% of patients at 60 + it
was approximately two weeks. In a 69 year-old woman,
skin changes occurring within the incubation period after

tick bite were the type of Erythaema nodosum. Such skin
changes were also described by Zarcheva in her study (2).
Common complaints. Single patients in the 60 + group re-
ported itching, burning or mild soreness. In others, transient
fatigue, headache, aching muscles and joints were ob-
served. In 5 patients of 60 + (6.75%) and 9 controls (10.11%)
short subfebrile temperature was found (Tabl.4). The litera-
ture rarely describes common complaints. Short subfebrile
temperature, myalgia, arthralgia, headache, fatigue may
occur. Local pain, burning and manifested itching are not
typical for EM (2,3,4,10). Most researchers agree that high
fever in patients with EM is rarely recorded and suggests for
coinfection with another pathogen (6,8,9,10,12).

There were also various limfangitis and regional limfonodu-
litis in the studied patients. In 36 (48.64%) of the 60+ group
and in 26.96% of the controls regional limfonodulitis was
established. Regional lymph nodes were enlarged to 2 cm in
diameter, in most patients — painless, in isolated cases with
moderate pain, not involving skin. By clearing the EM lesion,
changes in the lymph nodes also went to normal. Lymph
nodes decreased 30-35 days after completion of treatment.
Arthralgia in 5 of the elder patients could not be interpreted
as Lyme arthritis, as it preceded the onset of EM. Similar
arthralgia were found in 8 of the controls. Lyme arthritis is
characterized by recurrent pain and swelling of large joints,
most often knee (in 80%). In chronic Lyme arthritis, there
is permanent swelling of the joints more than 1 year. It oc-
curs more frequently in the U.S. (60% of LB), in Europe it is
usually milder and affects fewer patients (in 47% of cases)
(2,6,9,11,12). In five patients from group 60 +, gonarthrosis
and other changes in the locomotor system were found.
Lyme-carditis is a manifestation of the second stage, oc-
curring in 4-8% of patients with LB. Most commonly ap-
pears as A-V block and other rhythm disorders (12). In
all patients studied by us ECG was held. We registered
single extrasystoles in only one of the old patients in the

Table 3. Patients with erythema migrans
Erythema migrans
; With With : With central :
Typical Woind - With bula lividity With crusta  none
Number 56 13 3 1 1 0 15
Controls
= % 62,92 14,60 3,37 112 1,12 0,00 16,85
60+ number 31 " 14 3 5 7 3
n=74 % 41,89 14,86 18,91 4,05 6,75 9,45 4,05
Table 4. Other clinical manifestations in patients with LB
Lymphadeno- . : Neuritis,
bathiy Fever Arthralgia Myalgia solinBuris
Number 24 9 8 5 1
Controls
n=89 % 26,96 10,11 8,98 5,61 12,35
Number 36 5 5 (5) 0
, 60+" n=74
% 48,64 6,75 6,75 6.75 0,00
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first days of hospitalization on the occasion of the EM.
In the studied old patients, no case of neuroborreliosis was
observed. Their neurological symptoms, most often trem-
bling and tingling in the extremities have preceded the tick
attack. We detected age-connected changes (osteochondro-
sis) in particular sites of the spine. None of the patients at 60 +
could connect memory reduction with the tick bite. There was
no deterioration of the memory disorders after the tick bite. In
11 patients of the control group (12.35%) polyneuritis was
diagnosed. All of them, months after disappearance of EM,
reported tingling and trembling of the limbs. EMG-studies
have found evidence of polyneuritis with predominantly
sensory disorders.

In a 30-year-old woman, hospitalized in the clinic in 2003
for the second time, nevroboreliosis — chronic recurrent
poliradiculonevritis, was diagnosed. Months after treatment
with penicillin for EM in 2001, “trembling” of the four limbs
appeared. LB was serologically confirmed. In 2002, due to
the persistence of complaints, IgM antibodies in CSF were
detected. In 2003, serum IgM and IgG antibodies persist-
ed. EMG conducted repeatedly throughout the complaints
recorded damage of anterior roots of C 6-7-8, L5 and S1.
In two men from the control group, aged 51 and 54 years,
neurological complaints without objective findings persist-
ed. This reason — lack of objective finding and adequately
conducted treatment of LB manifestations at an earlier stage,
led us to discuss their status as post-Lyme syndrome. Most
authors agree that in these cases, the patients have un-
explained chronic subjective symptoms after treatment of
objectively manifested LB (e.g. erythema migrans) (12).
Laboratory studies at all stages of the disease are nonspecific
(6,12). Table 5 presents deviations in clinical and laboratory
findings in the studied patients at 60+ and those in the control
group with Lyme disease.

thors are found in 40-60% of patients with early LB (5.12). A
higher percentage of negative serological tests in our patients
could be explained by earlier time of drawing the first serum
sample. Control examination 1 month later showed positive
52.70% of the old patients (39 people). Similar data for in-
creasing the rate of seropositivity in the later samples have
been shown by other authors (2,3,5). After 2-3 months, IgG
antibodies were established in 55.40% (41) of the old patients.
Negative serological result does not reject the diagnosis. Over
the time, antibody levels gradually decrease, but IgG and
even IgM can persistit for years. About 9.45% of our elderly
patients and 11.23% of the controls (followed up to 1 year
after hospitalization) continue to maintain high levels of IgG
and IgM at least one year after the treatment. Similar data for
about 10 % are referred by other authors (7). Persistence of
antibodies without clinical signs is not a requirement to repeat
the treatment. Suspected for LB patients are recommended
for high-tech diagnostic methods (Immunoblot, PCR, etc.).
In recent years, CDC in the U.S. has adopted concept
of post-Lyme syndrome. There is no generally accepted
definition for it. This is related to contradictions and lack of
reliable data on its incidence, prevalence and pathogen-
esis (12). Mandatory requirement is to confirm infection
with B. burgdorferi by standardized methods in refer-
ence laboratories. Invalid methods, such as test to detect
antigen in urine or microscopic examination of blood for
borreliae are not recommended by the authors (12). So
far there is no convincing evidence in the literature for
chronic infection with B. burgdorferi among patients treated
with the recommended regimens for Lyme disease (12).
Treatment of probants observed by us is consistent with
the recommendations of EUCALB, CDC, the consensus of
BSID and clinical stage of the disease. In 90.54% of adults
and 76.40% of the controls i.v. penicillin is applied, which

Table. 5. Clinical, laboratory and serological findings in patients with LB
Deviations in laboratory findings  Serological investigations
Erythrocyte Liver
Sedimentation function
rate tests Positive
Patients number 21 4 14
60+
% 28,37 5,40 18,90
number 0 0 53
Controls
% 0,00 0,00 59,55

Isample

Il sample Il samle

Negative  Not investigated (positive) (positive)

25 35 39 7
33,78 47,29 52,70 9,45
26 10 53 10
29,21 11,23 69,55 11,23

Laboratory tests showed no abnormalities except mod-
erately accelerated erythrocyte sedimentation rate in
21 old patients (28.37%). In 4 patients over 60 years
(5.40%) slight increase in transaminases and in two
patients mild direct bilirubinemia, suggesting involve-
ment of the liver in the infectious process, were record-
ed. Similar reports give Bulgarian and other authors (2,3).
In our study, from 52.70 % studied elder patients (Table 5)
IgM antibodies were detected in 18.9%, 33.78% were nega-
tive. In the control group, positive were 59.55%, and 29.21%
were negative. Specific antibodies according to various au-

is consistent with the greater frequency of EM. In cases of
other than skin involvement cephalosporins Il generation
were applied. Taking into account the terrain and side-effects,
treatment with doxycycline p.o. was performed in 6.75% of
the patients at 60+ and in 7.86% of the controls. In three of
the controls, because of accompanying iliness, combinations
of other antibiotics were used (Fig. 4). Timely and adequate
treatment is a guarantee of good prognosis of LB. This view
is confirmed by the fact that none of our elder patients were
hospitalized with arthritic or polineuritic complaints after
completing the treatment (ffollowed 1,3,6, and 12 months).
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Fig.4. Etiological treatment of patients with LB in %

Conclusions:

1. Lyme borreliosis proceeds as normal in patients over 60
years.

2. We do not observed late Lyme borreliosis in patients at
60 +.

3. The most common form of early LB in elder patients is
EM. In 44.59% of these patients, in the central part of the
EM lesion, wound, crusta, necrosis or bula could be detected.
4. In 48.64% of the patients over 60 years LB regional lim-
fonodulitis was established. ’

5. Early seropositivity is present in 18.90% of the patients
with LB at 60 +, i.e. their humoral immune response is
delayed. This inflicts use of immunoblot method in doubtful
cases.

6. Timely and adequate treatment of the old patients con-
ducted in early stage of LB is beneficial and a guarantee of
good prognosis.
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SUMMARY:

In total 512 samples were examined for Chlamydia trachomatis. All
samples were analyzed by nucleic acid amplification (PCR) test.
The specimen of choice for the men was first-catch urine and cer-
vical swab sample for the women, as recommended. We identified
prevalence of C. trachomatis of 3.71% in the examined samples. The
prevalence of Chlamydia infection for the town of Sofia could not
be deduced from these figures. We identified higher prevalence of
C. trachomatis among men, thus men possibly provide a reservoir
for continued transmission to women. Screening more men with
nucleic acid amplification test assays may provide the possibility of
reducing the overall burden of Chlamydia in both men and women.

Key words: Chlamydia, PCR

INTRODUCTION

Chlamydiae are Gram-negative, obligately intracellular eu-
bacteria, showing a two-stage developmental life cycle. C.
trachomatis infection of the lower genital tract is one of the
most prevalent sexually transmitted diseases (STDs) world-
wide (3). Chlamydia is by far the most frequently reported
sexually transmitted infection (STI) in Europe. In contrast
to other STls, the number of genital Chlamydia trachomatis
infections reported annually has remained high and has
continued to rise. In 2009, 23 of the 30 EU/EEA countries
reported more than 343 000 cases of genital chlamydia
(1,2,3). Although C. trachomatis infection in Bulgaria is a
notifiable disease, Bulgaria does not report data and is not
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included in the report.

Antibiotic treatment is obligatory. If not treated in an early
stage or if treated incorrectly, the infection can lead to severe
complications, such as pelvic inflammatory disease (PID),
ectopic pregnancy, tubal infertility, uretritis, chronic prosta-
titis, infertility in men and/or erectile disfunction. However,
50-80% of infected men and women are asymptomatic. This
high number of unrecognized infected individuals provide the
reservoir for spreading the infection to other men and women
via sexual transmission (1,2).

The goal of the present study was to analyze the trends of
Chlamydia trachomatis identified in our laboratory for a four
year period, 2006-2009 among symptomatic patients in the
capital city of Sofia, Bulgaria. The population of Sofia is
estimated to be 1.247.000 (2008).

MATERIALS AND METHODS

Patients and methods

A total of 512 patient samples from 294 men and 218 women
were examined between years 2006 - 2009 by the labora-
tory of molecular microbiology at NCIPD. Our laboratory
developed an in-house PCR method. Primers were selected
to detect the Outer Membrane Protein gene omp1 gene.
Selected primers were CTRA1-ctgcttacggccgacatatgcaggatg
and CTRAZ2-aagcttgctcgagaccatttaactcca. Amplifications
were performed at primer annealing temperature at 65 0C.,
1.5M MgCI2, 5% of DMSO in the PCR reaction mix and 35
cycles of DNA amplification. DNA extracted form 30-50 ml of
first void urine or cervical swabs were analyzed for men and
women respectively. Samples were collected from sexually
active 20-50 years old men and women.

RESULTS i

During the four year period 512 samples were tested. Posi-
tive by PCR were 19 patients of which 12 men and 7 women.
Negative by PCR were 494 patients of which 282 men and
211 women. Table 1 presents summary of the results.

The prevalence of C. trachomatis among the symptomatic
patients was 4,08% in men and 3,21% in women. The
general prevalence of C. tracohomatis infection among the
population in the capital city of Sofia of symptomatic patients
is estimated to be 3,71 %.

The male-to-female ratio for the four years period is 12:7
meaning that almost 43% more cases were reported in men
than in women. The overall rate in men is in the opposite
situation as compared to Western countries (1,2), suggesting
that the reservoir of the infection are the men.

DISCUSSION

The STDs are major global problem. The chlamydial infec-
tions are among the most frequently found and important
STDs. According to the World Health Organization (WHO),
approximately 89 million people are newly infected with C. tra-

Table 1. PCR analysis of 512 samples analyzed for C. trachomatis.
PCR 2006 2007
N: patients N: patients
pos. 2
men b2 100
neg. 50
pos. 3
women 48 85
neg. 45
Total 100 Total 185

2008 2009
N: patients N: patients

3 3 4
65 77

97 62 73

2 1 1
47 38

83 46 37
Total 112 Total 115
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chomatis infections annually worldwide (3). Chlamydiae may
cause asymptomatic infection which creates the potential for
underrecognized transmission with significant implications
for both individual and population health. Several laboratory
methods are used for the diagnosis of C. trachomatis. These
include cytological tests for the detection of intracytoplasmic
inclusion bodies, cell culture, Enzyme-linked immunosorb-
ent assay (ELISA), Direct immuno- fluorescence (DIF) and
DNA amplification via PCR. Survey performed by ECDC in
2009 reports, that for Chlamydia diagnosis the nucleic acid
amplification technique is the reference method in use in the
European region (2). No seasonal trends could be observed
for the reported C. trachomatis infections through 2006-2009.
The data presented here do not cover the situation in the
country and must be interpreted with caution because the
proportion of the Chlamydia cases that are actually diag-
nosed and reported is likely to differ from the regions across
the country.

The estimated prevalence of the Chlamydia infection among
the urban population in Sofia could not be deduced from our
results. Official data for the prevalence of the Chlamydia
infection in Bulgaria have not been published yet.

Our results demonstrate slight prevalence of the Chlamydia
infection among men, thus to be suspected as reservoir of
the infection. Diagnoses from certain countries, including
Bulgaria cannot be included in trend analyses, as they do
not have comprehensive surveillance for STI.
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SUMMARY:

Mycobacterium tuberculosis is a clonal organism, once a single
nucleotide polymorphism (SNP) is introduced into the genome it will
be passed on to the next generation. Drug resistance in M. tubercu-
losis strains is to a great extent caused by the presence of SNPs in
genes conferring resistance to tuberculostatics. SNPs can be used
as discriminative markers for drug resistance as well as to generate
robust phylogenetic trees. SNP based species identification is also
possible. A new molecular method was recently developed for the
analysis of drug resistance and strain typing of M. tuberculosis
strains, based on the detection of informative genetic markers such
as deletions or single nucleotide polymorphisms (SNPs).

The method evaluated in this study, multiplex ligation-dependent
probe amplification (MLPA) [Schouten, 2002] contains three essen-
tial steps, a hybridization step followed by a ligation step and an
amplification step. The final read-out is performed on the MAGPIX
device using the Luminex xTAG bead assay. The multiplexing
capacity of the assay allows the simultaneous analysis of up to
47 different molecular markers within one sample and therefore
provides complex information from a single assay. 13 markers
provided information about resistance to first- and second line
drugs based on the detection of specific mutations in the bacterial
genome. We have analysed DNA isolated from bacterial culture by
MLPA and compared the resulits to the current molecular method
for the detection of drug resistance in TB strains, the MTBDRplus
and MTBDRsl assays (HAIN Lifesciences).

Key words: Mycobacterium tuberculosis, drug resistance

INTRODUCTION

Tuberculosis (TB), caused by Mycobacterium tuberculosis
(MTB), is one of the most devastating bacterial diseases.
Current identification of drug resistance in MTB and proper
strain identification is time consuming as it requires combi-
nations of several techniques such as microscopy, bacterial
culture and molecular methods. This delays the change
from empirical to accurate personalized treatment and limits
prevention of transmission.

A new molecular method was recently developed for the
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analysis of drug resistance and strain typing of MTB strains
[Bergval, 2008], based on the detection of informative genetic
markers such as deletions or single nucleotide polymor-
phisms (SNPs). MTB is a clonal organism, once a SNP is
introduced into the genome it will be passed on to the next
generation. Drug resistance in TB strains is to a great extent
caused by the presence of SNPs in genes conferring resist-
ance to specific antibiotics. Therefore SNPs can be used
as discriminative markers for drug resistance as well as to
generate robust phylogenetic trees. SNP based species
identification is also possible.

The method evaluated in this study, multiplex ligation-
dependent probe amplification (MLPA) [Schouten, 2002]
(Fig. 1) contains three essential steps, a hybridization step
followed by a ligation step and an amplification step. The
final read-out is performed on the MAGPIX device using
the Luminex xTAG bead assay. The multiplexing capacity
of the assay allows the simultaneous analysis of up to 47
different molecular markers within one sample and therefore
provides complex information from a single assay after only
a short period of time and with easy hands-on performance.
In this study we have established the MLPA in the labora-
tory. We have analysed DNA isolated from bacterial culture
by MLPA and compared the results to the current molecular
method for the detection of drug resistance in TB strains,
the MTBDRplus and MTBDRsl assays (HAIN Lifesciences),
routinely performed in the TB reference laboratory in Sofia
[Bachiyska 2010].

OBJECTIVE

The purpose of this study was to assess the feasibility of the
recently developed MLPA assay in a setting which is endemic
for multidrug-resistant TB (MDR-TB) and where the informa-
tion gained by the assay is thought to be of added value.
Therefore we analysed a selection of MDR-strains with the
recently developed MLPA assay at the National Institute of
Infectious and Parasitic Diseases in Sofia.

The demonstration study performed at the National Institute
of Infectious and Parasitic Diseases in Sofia is part of a joint
project between The Netherlands, France, Georgia and
Bulgaria. The leading partner is the Royal Tropical Institute
in Amsterdam, The Netherlands.

METHODS

MLPA was performed on nine selected culture isolates from
patients with MDR-TB collected between 2009 and 2011 in
Bulgaria. The clinical isolates have been defined as MDR-TB
based on phenotypic drug resistance testing (DST) using the
nitrate-reductase assay [Panaiotov and Kantardjiev, 2002]
and Bactec 460TB or Bactec MIGIT 960 system for first
line and second line drugs. DNA was extracted from MGIT
cultures using buffers containing cetyltrimethylammonium
bromide (CTAB). For comparison between the MLPA and
MTBDRsI/MTBDRplus, the isolates were analysed by the two
reverse hybridisation assays MTBDRplus detecting resist-
ance to first line drugs and MTBDRsl detecting resistance to
second line drugs [Hillemann, 2007; Kiet, 2010]. The principle
of the MLPA assay was previously described [Bergval, 2008]
and is briefly outlined in Figure 1. The MLPA assay consists
of a hybridisation, ligation and amplification step followed by
analysis of the amplicons using a bead-based assay on the
MAGPIX device (Luminex Corporation). In addition to the
nine samples, a negative control, a contamination control
and an assay control are analysed as extra samples. No
DNA template or probe mix is added to the negative control
thereby sensing for contamination with PCR products. The
contamination control contains DNA from a species unrelated
to mycobacteria e.g. Staphylococcus aureus (S. aureus).
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(a) Hybridisation of MLPA probes to target DNA
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Fig. 1. Overview of the Multiplex Ligation-dependent Probe
> Amplification (MLPA) assay.

(a) Sequence-specific probes hybridise to the target DNA
over night. Each probe consists of a target-specific se-
quence, XTAG, forward and reverse primer sequences. The
rpoB522 probes perfectly match the sequence of the strain
RB14 but not strain 2005-0065, indicating that the SNP is only
present in strain RB14. (b) Only probes that are 100% com-
plementary to their target sequence hybridise and are ligated
by a highly specific ligase. (c) Ligated probes are amplified in
a PCR reaction. The reverse primer binds first and amplifies
the probes before the labelled forward primer can bind to its
complementary sequence generating a probe labelled with a
reporter dye. (d) Amplified probes hybridise to their spe-
cific bead. Each bead species has a unique xTAG sequence
that is complementary to the probe xTAG and is present
in multiple copies on the bead surface. (e) Analysis of the
bead-probe complexes takes place on the MAGPIX device. A
red light emitting diode (LED) and a CCD camera identify first
the individual bead species before green LEDs excite the re-
porter molecules on the probes. The signal is translated into
Median Fluorescence Intensity (MFI). The MFl is proportional
to the amount of probes bound to the bead.

a MLPA can detect resistance to INH, RIF, STR, EMB, FLQ,
AMK, KM, CAP

b MTBDRplus and MTBDRsl detect resistance to INH, RIF,
EMB, FLQ, AMK, KM, CAP ‘
¢ Drug Susceptibility Test (DST) was performed for INH, RIF,
STR, EMB, FLQ, AMK, KAN and CAP

INH, isoniazid; FLQ, fluoroquinolones; EMB, ethambutol;
RIF, rifampicin; AMK, amikacin; KM, kanamycin; CAP,
capreomycin.

Contamination with MTB DNA will be detected with this
control. The assay control contains DNA from a MTB strain
that has been previously analysed by MLPA and quality
controls the assay.

For this study, the results of 13 informative markers for drug
resistance were analysed. These markers represent the
most prevalent mutations revealed from literature conferring
resistance to rifampicin, isoniazid, ethambutol, streptomycin,
amikacin, kanamycin, capreomycin and fluoroquinolones. An
additional marker detects an MTB-specific sequence within
the 16S rRNA locus. Only strains that are positive for this
marker are further analysed. Markers for drug resistance
included in the assay are listed in Table 1.

Table 1. Drug resistance markers included in the MLPA assay
embB-306 (MLPA probes detect]
Ethambutol wild type MLPA sequence)
Isoniazid katG-S315T (high level INH) ,
inhA-C(-)15T (low level INH)
FLD rpoB-V176F, rpoB-S522L,
Rifampicin rpoB-H526D,
rpoB-H526Y, rpoB-S531L
e —— rpsl-43 (MLPA marker detects
pieriy wt sequence)
rrs-1401 (AMK/KAN/CAP)
Aminoglycosides (ShéILPA probes detect wild type
Macrocyclic peptides guance) .
SLD rrs-1402 (nucleotide change C
to G) (CAP)
Fluoroquinolones gyrA-A90V, gyrA-D94G
RESULTS

The MLPA technique contains a hybridisation, ligation and
amplification step. The successful generation of amplicons
can be checked by agarose gel electrophoresis prior to
analysis. Products of about 150 bp were amplified in all
nine analysed strains (Fig. 2, lane 4,6-13). No products are
present in the negative control and products of smaller size
are present in the contamination control, which is possibly
indicative of unspecific amplification products (Fig. 2, lane
1-3). Following the amplification step, the amplicons are ana-
lysed using the bead-based assay. All nine strains analysed
were positive for the 16S rRNA marker indicating a genetic
background of MTB (data not shown).

W e e
L2 oadiadiin6 SR R0 1010 120 )

Fig. 2. PCR products obtained after the PCR step of the
MLPA assay.

Probes that could bind to their target sequence were ampli-
fied and are visible as a PCR product of about 150 nt. Lane 1,
negative control. Lane 2, control with S .aureus DNA. Lane 3,
assay control with DNA from a well characterised MTB strain.

Lanes 4,6-13, samples. Lane 5, empty. 100bp ladder.
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The MLPA was positive for markers indicating resistance to
rifampicin and isoniazid for all nine strains analysed (Table
2). This finding is consistent with the results from the MTB-
DRplus assay and the DST.

DST for second line drugs and MLPA was performed for all
nine strains but only three strains (32-10, 91-10, 96-10) were
investigated for second line drugs using MTBDRsI.

The five strains that were streptomycin resistant on the basis
of DST (52-20, 72-10, 90-10, 91-10, 101-10) were deter-
mined as streptomycin sensitive by MLPA. A single marker is
included in the MLPA assay for the detection of streptomycin
resistance. It is possible that the mutation conferring resist-
ance to streptomycin in the five strains is different to the one
that can be detected with the marker included in the MLPA
assay. Resistance to streptomycin cannot be detected by the
MTBDRsl since no specific markers are included.
Phenotypic resistance to ethambutol was detected in five
strains (32-10, 9-10, 91-10, 96-10, 101-10). Mutations in the
conferring resistance to ethambutol were detected in all three
strains analysed by MTBDRsl and in five strains analysed by
MLPA (32-10, 52-10, 72-10, 91-10, 101-10). The results of
two strains (32-10, 96-10) were consistent between MLPA,
MTBDRsl| and DST. Mutations conferring resistance to
ethambutol were also detected by MLPA in two strains that
were phenotypically ethambutol susceptible (52-10, 72-10).
Performance of DST for ethambutol is difficult and might in
some cases lead to false negative results. Further, mutations
indicating resistance to ethambutol could not be detected
by MLPA in one phenotypically ethambutol resistant strain
that was also positive for the marker indicating ethambutol
resistance by MTBDRsI. It is likely that the mutation confer-
ring resistance to ethambutol in the clinical isolates differs
from the one which can be detected by the marker included
in the MLPA assay.

Four strains (32-10, 52-10, 91-10, 96-10) showed resist-
ance to fluoroquinolones on the basis of DST. Resistance
to fluoroquinolones was detected by the MTBDRsI assay
in all three analysed strains (32-10, 91-10, 96-10) whereas
the MLPA detected resistance to fluoroquinolones in three
strains (32-10, 52-10, 96-10), two of them consistent with the
strains analysed with the MTBDRsl assay. Although the two
most prevalent markers for the detection of fluoroquinolone
resistance are included in the MLPA assay it is possible that
other mutations conferring resistance to fluoroquinolones
are present which could not be detected by MLPA but with

the MTBDRsl assay.
Resistance to amikacin/kanamycin/capreomycin was identi-
fied in one strain, 91-10, by all three methods.

CONCLUSION

We set out to asses the performance of a new molecular
method, MLPA, by comparing the results obtained by MLPA
in the national TB reference lab in Sofia, Bulgaria to previ-
ously performed DST and MTBDRsl/plus. MLPA allows the
detection of molecular markers that confer resistance to
antimycobacterial drugs rifampicin, isoniazid, ethambutol,
streptomycin, amikacin, kanamycin, capreomycin and fluo-
roquinolones. Results were obtained after a turn around time
of 1 % days using DNA isolated from liquid cultures.

In the present study, 13 markers provided information about
resistance to first- and second line drugs based on the de-
tection of specific mutations in the bacterial genome. The
MLPA assay identified mutations conferring resistance to
rifampicin and isoniazid for all isolates and thereby confirmed
the MDR-TB status of the clinical isolates.

For the second line drugs discrepancies were identified be-
tween MLPA and the MTBDRsl assay. The current MLPA as-
say is lacking some probes that are present in the MTBDRsl
assay. Therefore mutations present in the bacterial genomes
could only be detected by MTBDRsI. In case of the non-
detected mutation in the embB306 locus, it was previously
reported that not all possible codon changes can be detected
by the MLPA embB probe [Bergval, 2008]. The strains that
were sensitive for specific antibiotics but by interpretation of
the MLPA results were resistant, it is most likely that DST led
to false negatives due to the difficult performance of DST for
drugs such as ethambutol [Da Silva, 2011].

Compared to the MTBDRsl/plus that requites two individual
tests to obtain the same results, MLPA revealed the drug
resistance in a single assay.

In addition to a shorter turn-around time that currently avail-
able methods can offer to obtain the same information, MLPA
enables simultaneous detection of 13 markers per sample
in a single assay which can be extended to 50 markers per
sample. Therefore, with a single assay more information,
useful for appropriate treatment or control measures, can
be obtained than is currently feasible. Another benefit of
MLPA over for instance reverse hybridisation assays such as
the MTBDRplus and MTBDRsl is that the choice of genetic
markers to be included is completely flexible and can be

Table 2. Comparison of identified drug resistance of phenotypically MDR TB revealed by different molecular methods.

Molecular test

Sample MLPA? MTBDRplus®
30-10 INH, RIF INH, RIF
32-10 INH, RIF, EMB, FLQ INH, RIF
52-10 INH, RIF, EMB, FLQ INH, RIF
72-10 INH, RIF, EMB ND
90-10 INH, RIF ND
91-10 INH, RIF, EMB, AMK/KM INH, RIF
96-10 INH, RIF, FLQ INH, RIF
97-10 INH, RIF ND
101-10 INH, RIF, EMB ND

Phenotypic test
MTBDRs/® DST
ND INH, RIF
EMB, FLQ INH, RIF, EMB, FLQ
ND INH, RIF, STR, FLQ
ND INH, RIF, STR
ND INH, RIF, STR, EMB

EMB, FLQ, AMK/ INH,RIF, STR, EMB,

KAN, CAP FLQ,AMK,KAN,CAP
EMB, FLQ INH, RIF, EMB, FLQ
ND INH, RIF

ND INH, RIF, STR, EMB
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made dependent on the information required. Inclusion of
additional drug resistance markers is of interest for diagnos-
tic purposes whereas addition of genotypic markers would
provide information on the species level. Country-specific
marker panels could contain markers for the most prevalent
genotypes circulating in e.g. Bulgaria, Eastern Europe or
Asia presuming that indicative markers are available from
the literature or can be identified by genome sequencing of
representative strains. Another variation of the MLPA could
be the addition of markers that identify the most clinically
relevant non-tuberculous mycobacteria (NTM) [Ngan, 2011].
In summary, the MLPA is the only molecular test currently
available that reveals complex information from a clinical iso-
late in only a single assay within 1 %2 days turn around time.
The MAGPIX device used for the bead-based read out of
the MLPA is a robust and open platform that can be used for
DNA assays as well as multiplexed immunological assays.
These can be purchased as a kit or may also be partially
developed by the researchers themselves.

We feel that the combination of MLPA with Luminex tech-
nology is promising and can be of great added value in the
fight against (MDR-)TB. Initial results obtained in the refer-
ence laboratory in Sofia are promising and lessons learned
from this feasibility study are a good starting point to further
optimise the method.
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SUMMARY:

The diagnostics of human dental pathogens is essential for the cor-
rect treatment of gingivitis, periodontitis and other diseases of the
oral cavity. The most often causative agents are anaerobic bacteria
such as Fusobacterium nucleatum, Porphyromonas gingivalis and
others. Their cultivation is time and work consuming and expensive
as well. In the last 20 years a variety of molecular methods for fast
diagnosis and typing appear that allow exact determination on
species, strain and biovar level. On the other hand development
of the quantitative PCR gives a possibility to estimate the ratio of
bacterial cells from the normal flora and pathogenic strains — very
important for the correct diagnosis.

Key words: Anaerobes, Molecular-Genetic Methods

The infections of the oral cavity are dangerous not only for
the tooth health. Much more serious are their complica-
tions for the cardio-vascular system and other organs in the
body. Many species of anaerobes are colonizing the human
oral cavity. They are part of the normal flora but in some
conditions they can cause inflammation processes such as
gingivitis, periodontitis, etc. Others are participating in the
development of cardiac diseases such as myocardial infarc-
tions (1). Most probably periodontitis and dental procedures
are participating in transient bacteraemia (2,3). Mastication
can release endotoxins into blood stream in patients with
periodontitis (4). Infected root canals can be a source of
blood contamination during the therapy (5).

Some authors claim that infection may also play a role in
the genesis and development of atherosclerotic processes
and their complications, based on detection of serological
markers related to some agents such as Chlamydia pneu-
moniae, Helicobacter pylori and Cytomegalovirus. (12,13).
Others, however, suggest that the association between
coronary artery disease and periodontal disease (PD) is a
more incidental phenomenon, since it may be related only
with other cardiovascular risk factors (14,15).

Taylor BA et al. conducted a study in patients with advanced
periodontitis requiring full-mouth tooth extraction. Elimina-
tion of advanced periodontitis by full-mouth tooth extraction
reduces inflammatory and thrombotic markers of cardiovas-
cular risk, supporting the hypothesis that treatment of PD
may lower the cardiovascular risk (16).

Periodontitis is the most common persistent bacterial infec-
tion in the oral cavity of adults. It causes chronic inflamma-
tion in tooth supporting tissues, but it also leads to systemic
inflammatory response (17,18) specific immune reactions
to periodontitis associated bacterial species (19,20) and
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unfavorable changes in plasma lipoprotein profile (21) and
cholesterol metabolism (22).

One of the most serious problems is the diagnostics of anaer-
obes - causative agents of anaerobe infections.

Cultivation of the anaerobes is time and work consuming and
its discrimination is not very exact on strain and biovar level.
Therefore molecular-biological techniques were developed
and applied in last two decades in the diagnostics of bacteria
including anaerobes. It is complicated to estimate the ratio
between different species and strains in a clinical sample,
which is necessary for correct treatment.

Subgingival microbial samples were taken and evaluated by
means of real-time polymerase chain reaction (RT-PCR) for
the total amount of bacteria and the following periodontopa-
thogens: Aggregatibacter actinomycetemcomitans, Porphy-
romonas gingivalis, Prevotella intermedia, Parvimonasmicra
(formerly Micromonas micros), Dialister pneumosintes, and
Campylobacter rectus (23).

Quantitative PCR (qPCR) has recently been used to quantify
microorganisms in such complex communities listed above
on one hand and dental plaque biofilms on the other (24).
And there is variability in the gPCR protocols being used in
different cases. The two variables evaluated were the use of
DNA content versus actual cell counts to estimate bacterial
numbers in mixed plaque samples (24) and the effective-
ness of three different universal primers versus species
specific primers in amplifying specific target pathogens in
these samples (25). The results lead to the development of
a standardized protocol that was shown to be highly repro-
ducible as demonstrated by low coefficients of variation. The
results also confirmed that this standardized gPCR protocol
can be used as a sensitive method for quantifying specific
bacterial species in human plaque samples.

The bacterial content of clinical material can be easily esti-
mated using correctly selected primers for determination and
discrimination on different level depending on the special
needs of the diagnostics.

A specific 16S rDNA PCR and subsequent hybridization
reaction is designed to discriminate between strains of
Prevotella intermedia and Prevotella nigrescens. This tech-
nique was then used to detect the presence of these two
bacterial species in acute oral infection (26). A total of 36 pus
samples aspirated from 26 peri-apical abscesses, three root
canals, three periodontal abscesses, two cases of refractory
periodontitis, one cyst and one haematoma were examined
(26). A portion of the pus sample can be directly amplified
by PCR and the rest of the specimen can be cultured usind
classical microbiological methods. The PCR-based technique
gave an identical pattern of detection of P. intermedia or P.
nigrescens to that obtained by culturing. The presence of P.
intermedia and P. nigrescens in pus can be detected rapidly
and specifically by direct PCR amplification of 16S rDNA. In
the present days sequencing and-software analysis of the
genes coding 16S rRNA amplified with universal prokaryotic
primers is general taxonomic pattern in accordance with
Bergey's manual (27). It is applied in dental microbiology
of anaerobes.

Severe early childhood caries (ECC), while strongly associ-
ated with Streptococcus mutans can be selectively detected
(culture, PCR) that is also associated with a widely diverse
microbiota using molecular cloning techniques (28). Isolates
were purified and partial sequences for the 16S rRNA gene
were obtained from 5608 isolates. Sequence-based analy-
sis of the 16S rRNA isolate libraries from blood and acid
agars of severe ECC and caries-free children had >90%
population coverage, with greater diversity occurring in the
blood isolate library. Isolate sequences were compared with
taxon sequences in the Human Oral Microbiome Database
(HOMD), and 198 HOMD taxa were identified, including 45
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previously uncultivated taxa, 29 extended HOMD taxa, and
45 potential novel groups.

The major species associated with severe ECC included
Streptococcus mutans, Scardovia wiggsiae, Veillonella
parvula, Streptococcus cristatus, and Actinomyces geren-
sceriae. S. wiggsiae was significantly associated with severe
ECC children in the presence and absence of S. mutans
detection. We conclude that anaerobic culture detected as
wide a diversity of species in ECC as that observed using
cloning approaches. Culture coupled with 16S rRNA identifi-
cation identified over 74 isolates for human oral taxa without
previously cultivated representatives.

The abundance of anaerobic pathogens in combination
with the complications of infections caused by them makes
molecular-genetic methods very valuable and irreplaceable
for timely diagnostics and treatment of patients with dental
problems. These methods are also much more sensible and
can estimate the pathogens of much lower level.
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SUMMARY:

For along time the anaerobic bacteria and other periodontal patho-
gens were considered as causative agents of the infections of the
teeth and oral cavity. In the past years series of studies of differ-
ent investigators showed relation between the oral microflora and
dental and cardiovascular diseases. Therefore in the present days
diagnostics of the oral bacteria (mostly anaerobes) is important both
for dentists and cardiologists to make a correct decision for the
prophylaxis and treatment of dental and cardiovascular diseases.
In this review we discuss some important aspects about the health
problems for humans related with the oral anaerobes.

Key words: Periodontal Infections, Cardiovascular Disease,
Anaerobes

Cardiovascular diseases are widely spread. The World
Health Organization has reported about 16.6 million death
cases per year in the world. 7.1 million of them are caused
by coronary arterial disease [1]. Periodontal diseases are
even more often — in more than half of the children and in
almost all the adult population in the world [2] and chronic
paradontitis affects 10-15% of the adults [3, 4].

The progress of science and the modern conception about
the etiology and pathogenesis of the periodontal diseases
directed many investigators to seek systematic influences of
the periodontal diseases on cardiovascular and other sys-
tems. Investigators in the field of periodontal medicine in the
last 20 years are working on the following tasks: influence of
the periodontal infection on different processes related with
cardiovascular diseases, whether periodontal diseases are
risk factor for cardiovascular diseases, which is the role of
the inflammation and the immunity, is direct participation
of periodontal pathogens possible in the pathogenesis of
cardiovascular diseases, are they mutual genetic factors
determining this two kind of diseases?

Discovering the correlation between periodontal and cardio-
vascular diseases will help the clinicians not only to affect a
disease but for a full prophylaxis and treatment of the patient.
Pathogenic mechanisms in the appearance and devel-
opment of periodontal diseases. Risk factors for peri-
odontal diseases. [5]

Periodontitis is considered as an infectious disease in the
literature. Significant changes in the understanding of the
agents of periodontal diseases took place in the last three
decades. About 500 different bacterial species are related
with the tooth plaque [6]. The most often identified periodontal
pathogens are three microaerophillic species (Aggregati-
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bacter actinomycetemcomitans, Campylobacter rectus and
Eikenella corrodens) and seven anaerobes (Porphyromonas
gingivalis, T. forsythensis, Treponema denticola, Prevotella
intermedia, Fusobacterium nucleatum, Eubacterium, spiro-
chetes) [6,7].

One of the most significant achievements in the understand-
ing of the etiology of periodontal diseases is the consideration
of the tooth plaque as a biofilm (microcolonies and single cells
incorporated in high moisturized mainly anionic exopolimeric
matrix) [8]. Bacteria achieve different from their planctonic
forms properties thanks to the biofilm and their virulence
increases [9].

Investigation on different factors of virulence shows that the
bacteria can damage tissue or release anti-inflammatory
cytokines and other cell mediators of the macroorganism and
cause indirect maceration. The bacteria are etiologic factor
but not sufficient for periodontal disease — the factors of the
reactivity of the organism are important too.

Periodontites are family of diseases with similar general
pathogenic mechanisms in the investigated connective tissue
and bone destruction [10]. Modern conception is that subgin-
gival biofilm enters apically in gingival sulcus disrupting the
connection between the crown of the connective epithelium
and the tooth. The connective epithelium is converting in
pocket epithelium — periodontal pocket appears and the
only barrier between the bacterial biofilm and the connective
tissue becomes the thin partial ulcerating pocket epithelium
which is transparent for the bacterial products /as lipopoly-
saccharides — LPS/ and the bacteria reach connective tissue
and blood vessels. Some lipopolysaccharides and other
factors of virulence of the Gram-negative microorganisms
from the subgingival biofilm activate the cells of the con-
nective and sulcular epithelium to proliferate and to secret
proinflammatory mediators including IL-8, IL-1a which attract
and activate neutrophils. Blood vessels of microcirculation
are sore and high conductive. Endothelial cells are activated
too and neutrophils and then monocytes and lymphocytes
migrate through the vascular wall into extra-vascular space
where they form the inflammatory-cell infiltrate. Infiltrated
monocytes are activating from lipopolysaccharides and
interferon-y (IFN-y) for secretion of IL-1, TFN-a, PGE2 and
matrixmetaloproteinases (MMP — big group of enzymes,
which destruct the collagen and all the components of the
connective tissue extracellular matrix).

The property of some microorganisms to invade the tissues
of the periodontium gives them high virulence. Such ability
have Porpyromonas gingivalis (Sandros, J., Papadanou,
P.N., Nannmark, U. & Dahlen, G. Porphyromonas gingi-
valis invades human pocket epithelium in vitro. Journal of
Periodontal Research, 1994, 29, 62-69)and Actinobacillus
actinomycetemcomitans. (Meyer, D. H., Sreenivasan, P.K.
& Fives-Taylor, EM. Evidence for invasion of a human oral
cell line by Actinobacillus actinomycetemcomitans. Infection
and Immunity, 1991, 59, 2719-2726.)

The pathogenesis of periodontitis takes place with partici-
pation of cellular and humoral immune response. Infiltrated
T- and B-lymphocytes are activated by different bacterial
antigens and cytokines and begin to secret interleukins (IL-
2,-3,-4,-5, -6, -10) and IFN-y. T-cell clones are expanding
and B-cells differentiate to antibody-producing plasmatic
cells. IFN-y induces and increases the production of pros-
taglandin E2 (PGE2) and matrixmetaloproteinases (MMP).
These molecules mediate destruction of extracellular matrix
of the gingiva and periodontal ligament and resorbtion of the
alveolar bone.

Expanding periodontal lesion incorporates fibroblasts, en-
dothelial and epithelial cells. That causes increasing of the
destruction of the collagen, extra-cellular matrix of the con-
nective tissue and alveolar loss of bone as well.
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General mechanisms in the pathology of periodontitis are af-
fected by both genetic and environmental risk factors that are
different on different stages of the disease [10]. The clinical
picture is a result of the complex interaction between microbic
factor, the common mechanisms of the inflammatory and im-
mune reaction and the risk factors such as genetic factors,
diabetes, drugs or diseases causing immune suppression,
male sex, age, race/ethnos, bad oral hygiene, stress, tobacco
smoking, which may be present or absent in different life
stages. These are risk factors for other systematic diseases
including cardiovascular [10].

The periodontal lesion is a long-term source of bacterial
antigens, Gram-negative bacteria, cytokines and other proin-
flammatory mediators [11,12].

The periodontal diseases are often accompanied by transient
bacteraemia — invasion of many microorganisms and their
products [including lipopolysaccharides (LPS)] in blood cir-
culation where they can activate leucocytes, thrombocytes
or endothelial cells. Even good oral hygiene - brushing of the
teeth every day and their treatment with thread of healthy
patients results to bacteraemia. Medical procedures like
“scaling and root planning” in patients with plaque-induced
periodontal diseases cause bacteraemia inducing humoral
immune response [13].

Page’s conception about pathogenic mechanisms of
periodontal diseases is explaining their relation with some
common diseases and conditions: cardiovascular diseases,
diabetes, abnormal births of babies with low weight, oste-
oporosis [14]. There is a hypothesis about the etiological
role of periodontitis for the development of these systematic
diseases and conditions [14].

Pathologic processes significant for cardiovascular
diseases [15].

Atherosclerosis is a local increasing the thickness of the arte-
rial intima and media on the places of disturbance of the blood
flow where its separation from the main stream is possible.
In those conditions are possible infiltration and retention of
plasmatic proteins (especially low density lipoproteins -LDL),
plasmatic cholesterol and fibrinogen.

Monocytes’ adhesion in human atheromatous lesion is the
critical first stage of the atherosclerosis mediated by adhevise
molecules (intercellular adhesive molecule — 1 (ICAM — 1),
endothelial leukocyte adhesion molecule — 1, (ELAM-1),
vascular cell adhesion molecule — 1, (VCAM-1) which are
regulated by the endothelium expressed under lipopolysac-
chadide and proinflammatory cytokines and prostaglandines
activity [16].

Oxidation of the lipids of arterial wall and conversation of
fibrinogen to fibrin and fibrin destruction products (FDP) are
important factor for further atherogenesis: proliferation of
smooth-muscle cells of arterial wall and accumulation of lipids
in these cells and in blood monocytes, which are converting
to the so-called “foam cells”. Monocytes in the lesion are
transformed to macrophages, causing further destruction
with the help of enzymes [17]. The described processes show
the fundamental role of the inflammation in the mediation of
all stages of arteriosclerosis and suggest that the infection
including the periodontal one, may be a risk factor in the
pathogenesis of artheriosclerosis such as tobacco smoking,
hypertension, hyperlipidemia and oxidative stress.
Periodontal data related to the atheroscerosis suggest that
that can be observed simultaneously as periodontal-athero-
sclerotical syndrome (PAS) [18]. Generalized periodontitis
correlate more often with PAS than with localized light peri-
odontitis which is compatible with the greater microbial load,
increasing the cardiovascular risk [18].

Arterial thrombosis follows the rupture of the atheromatous
plague and thrombocytes and blood coagulation are activat-
ed by coagulation factor VII. The thromb of the thrombocytes

and fibrin may bung partially or fully the artery which can
cause ischemic symptoms with different clinical expression.
Thrombenobolism is blocking of the artery and is a conven-
tional reason for a stoke or ischemia of a limb.
Connection between periodontal infection and patho-
genesis of cardiovascular diseases.

The mechanisms of interaction between such complicated
and multifactor diseases as periodontal and cardiovascular
are still unclear, but there are several main hypotheses: direct
incorporation of bacteria from periodontal infection in the
processes of atherogenesis and thrombosis [19], participa-
tion of inflammatory mediators of the macroorganism which is
aresult of the periodontal disease in the processes of athero-
genesis and thrombosis [16,20], the presence of common
independent risk factors for the periorodontal diseases and
atherosclerosis, such as age, male sex, tobacco smoking,
alcohol drinking, plasmatic fibrinogen, leukocytes number,
diabetes [16,20],co-interaction of the factors listed bellow.
Scientific proofs of the systematic activity of the peri-
odontal infection.

The periodontal and cardiovascular diseases and their in-
teraction have some specificity. Plaque-induced periodontal
diseases have chronic progression and this makes them
long-term source of both bacteria and their products in the
blood circulation and long-term acting mediators for protec-
tion of the macroorganism.

The importance of the microorganisms that cause infections,
including periodontal is a direct infection of the vascular
endothelium. Investigations show that in 97 patients with
non-lethal miocardic infarction is much more probable to
find periodontal P. gingivalis and B. forsythus in periodontal
lesions in comparison to 233 control patients without heart
diseases [21]. Investigations of human lesions got from en-
darterectomy with help of 16S rDNA find in high percentage of
the cases periodontopatogens like B. forsythus, P. gingivalis,
A. actinomycetemcomitans, and P. intermedia together with
human cytomegalovirus and C. pneumonia [22, 23]. These
different oral bacteria are found in some arteries in patients
with Buerger's disease as well [23].

In other investigations the presence in atheromatous plaques
of DNA of periodontal bacteria observed in subgingival tooth
plague of the same patients is not confirmed [24]. The partici-
pation of periodontopathogens in the formation of the tooth
plaque is unproved. Further investigations must be followed
to prove or cancel this theory.

Porphyromonas gingivalis invasion is not in gingival epi-
thelial cells only, estimated in vitro, but in cell cultures from
endothelium of coronary and carotid arteries established by
electron-microscopy investigation and gives reason to think
about its direct participation in the process of atherogenesis
[25,26,27] while the production of endothelium-converting
enzyme, a vasoconstrictor activating the endothelium, plays
role in the mechanisms of hypertension [28]. The participation
of Porphyromonas gingivalis and its LSP in the pathogenesis
of atherosclerosis is confirmed by its ability to bind LDL with
macrophages and to form “foam cells” on a culture study [29].
Some periodontal pathogens like P. gingivalis demonstrate
an ability to interact with endothelial surface and to induce
proliferation of smooth-muscle cells. They can cause dam-
age of the vasomotor functions of the endothelial cells and
atherosclerosis [30,31,32].

Lipopolysaccharides (LPS) in the blood stream — products of
Gram — negative microorganisms bind lipopolysaccharide-
binding protein (LBP) which is a plasmatic transport protein
[33]. If bound to CD14 receptors of endothelial, epithelial or
smooth-muscle cells they form LSP-LPB-CD14 complexes
that can bind to blood vessel on the turbulent places and
create atheromatous plaque. If LPS-LPB binds to membrane
CD14 receptors of monocytes, macrophages, neutrophyles
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cell activation is caused [34]. Activated cells release cy-
tokines (IL-1, IL-6, TNF-a). [35]. The leading role of inflam-
matory factor IL-1 in atherosclerosis induced by bacteria and
high lipid diet is confirmed by experimental investigation.
After ablation of IL-1R1 of mice ApoE+/- (apolipoprotein
E heterozygote model) and loading of Porphyromonas
gingivalis and lipids progression of atheromatous plaque is
reduced [35].

Activated cells (monocytes, macrophages, lymphocytes) can
influence expression of adhesive molecules of endothelial
cells [36]. They can inhibit lipoproteinlipase and to cause
lipemia [37]. Mitogenesis and fibrinogen production can
be stimulated [52]. Then leukocytes infiltrate to subintima
and smooth-muscle cells proliferate in the lesion [16]. The
increase of fibrinogen and leukocytes are related with the
cardiovascular disease and periodontitis [16].

There is a theory based on epidemiological investigations
that haemostatic indicators are included in potential biologi-
cal mechanisms and with the help of them the risk factors
— tobacco smoking, hyperlipidemia and infections including
oral infections can cause vessel changes. We have not seen
published direct proves about the influence of periodontal
infection on these indicators.

Immune stage of organism’s reaction can be observed in
patients with stroke or history of cardio-vascular disease who
are seropositive for IgA against Porphyromonas gingivalis
in comparison with control group or health non-seropositive
[38]. The combined antibody response to P. gingivalis and A.
actinomycetemcomitans is related to coronary disease [39].
High levels of antibodies against periodontopathogens in the
serum indicate that significance of periodontal diseases in
the progression of cardiovascular diseases.

In patients with periodontal diseases is found out a produc-
tion of antibodies against bacterial heat-shock proteins of
Bacteroides forsythus and Porphyromonas gingivalis [40,41].
Heat shock proteins (HPSs) are produced in response to dif-
ferent external influences. Because HSPs of the heart and
the vessels have similar antigen properties like the bacterial
HSPs (of Bacteroides forsythus and of Porphyromonas gingi-
valis) antibodies cross-react with HSPs of the heart and the
vessels [41,42]. There is a hypothesis that atherosclerosis
is an autoimmune disease caused by immune reaction (cell
and humoral) against HSP-60 expressed by endothelial
cells damaged by classic risk factors of atherogenesis like
hypertensitivity, high level of chlolesterol, effects of tobacco
smoking, etc. [43,44]. There are also contradictory data:
IlgG against human HSP60, IgA and IgG against bacterial
Hsp65 are on the same level like in investigated patients
with periodontitis and healthy persons and the levels of IgA
anti-Hsp60 antibodies are statistically lower in patients with
periodontitis. Those data show deficiency in the possibility
for a humoral immune response to Hsp60/65 in patients with
chronic periodontitis and this probably supports the develop-
ment of a chronic inflammation.

The data considered above offer an ethiologic explanation of
the epidemiologically estimated relation between periodontal
and cardiovascular diseases. The investigation of inflamma-
tory and immunological biomarkers connected with clinical
results would give new proofs about the relation between the
systematic disease and the chronic oral infection.

The influence of the active thrombocytes for the development
of atheromatous lesion is also discussed in the literature.
Thrombocytes are part of the haemostatic process which is
critical for the formation of the atheromatous plaque. These
cells can regulate the release of haemokines from the mono-
cytes in the inflammatory lesion [45,46]. The thrombocytes
are an object of effect of different microorganisms including
those from the bacterial biofilm [19]. It is suggested that cir-
culating microorganisms Streptococcus sanguis inducing the

aggregation of thrombocytes from rabbit and man in vitro can
cause coronary thrombosis and symptoms of a myocardial
infarction (Ml). These data correlate with the thrombogenic
mechanism explaining the additional risk of periodontitis for
a myocardial infarction [47].

Genetic polymorphism as a risk factor in the pathogen-
esis of periodontal and cardiovascular diseases.
Genetic factors influence the inflammatory and immune
response of the organism in general. It is clear today that
genetic factors are very important for the predisposition to
periodontitis and the determination of the progression and
the severity of this disease.

There are no proofs of common genetic factors causing
periodontal and cardiovascular diseases. The polymorphism
of IL-1 and TNF-a gene families could have a significant
importance for both diseases if consider the inflammatory
compound in their pathogenesis. Specific IL-1 — gene poly-
morphism is risk factor related with an increased risk for
periodontitis and cardiovascular diseases, independent from
other risk factors [48].

Periodontal infection as a risk factor for cardiovascular
diseases.

Cardiovascular diseases are often a reason for death — about
29% of the total world mortality [6]. Cardiovascular diseases
include hypertension, coronary disease (myocardial infarction
and angina pectoris), peripheral arterial disease, stroke and
atherosclerosis as a reason for all cardiovascular diseases.
Epidemiological investigations discover many risk factors
related with the frequency of cardiovascular diseases. Some
of them cannot be influenced (sex, age) but others are object
of influence — hypertension, dyslipidemia, tobacco smoking,
diabetes, physical inactivity or obesity [49]. These factors are
important for the determination of risk persons, but they are
not responsible for expression of all cardiovascular diseases.
Epidemiological investigations give a basis to tell that chronic
infections are an independent risk factor for cardiovascular
diseases [50,34,51]. Periodontal diseases are a controllable
risk factor for cardiovascular diseases [52, 20, 53] and there
are not enough proofs for a relation between them [20]. In
9760 persons investigated by De Stefano et al. (1993) [37]
is found approximatly three times higher risk for a coronary
disease of the heart of persons with periodontal disease
compared with the controls. Epidemiological investigations
show that severe periodontal diseases are related with 25-
90% higher risk for cardiovascular diseases after a decrease
of the influence of the other risk factors [52].

Experimental and clinical researches present data about
the role of infection and inflammation in the development of
atherosclerosis [56,57]. Malita et al. find a statistically signifi-
cant relation between the periodontal disease’s progression
and the stage of atherosclerosis during x-ray investigation
and diagnostic coronary angiography in males with coronary
heart diseases [58]. y

Beck et al. (1996) [52] investigate 1147 healthy persons, 207
of whom develop heart diseases in the next 18 years. X-ray
investigations of alveolar bone loss are used to estimate the
stage of periodontitis. The results show significant relation
between bone loss and cardiovascular disease, lethal heart
incident or stroke. Later Beck et al. (2001) [59] provide first
proofs that periodontitis is related with subclinical athero-
sclerosis. Data analysis of 6017 persons showed that heavy
periodontitis are related with increased thickness of carotid
artery’s wall in the region of intima media.

Investigations suggest that clinical properties and laboratory
indicators of chronic infection accompanied by periodontal
diseases may be related to cardiovascular diseases. But
there are other opinions. Investigation of Mattila et al., 2000
[60] describes dental pathology in patients with different
cardiovascular diseases. It includes adults and seniors and
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no significant differences in the presence of periodontal
diseases between patients with and without cardiovascular
diseases was observed. These results are in contrast to
former investigations of the same authors who suggest that
a probable reason is the high age of the observed persons.
The diagnostics and exact typing of anaerobic pathogens
is very important for the determination of the connection
between dental and cardiovascular diseases, and their
diagnostics and treatment.
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SUMMARY:

The Minimal Bactericidal Concentration and the zone of inhibition of
two types of hybrid materials containing silver nanoparticles have
been determined. These results could increase the possibilities of
their usage for diagnostic, prevention and treatment of Enterohe-
morragic Escherichia coli infections.

Key words: E.coli O104, hybrid materials, silver nanoparticles

INTRODUCTION:

The first small outbreak of acute gastroenteritis caused by
E.coli O104:H21 in Helena, Montana 1994 [1] and the out-
break of Shiga toxin-producing E.coli 0104 (STEC O104:H4)
infections in Germany and France in 2011 [2] stimulated
huge investigations on the methods for identification of rarely
isolated serotypes E.coli [3-5]. Sero-typing is confirmed in the
practice, easy done and quick method for orientation about
the agent that causes the infection. The EU supports the
quick identification of new incidence of HUS and STEC infec-
tions that could be a part of the existed outbreak in Germany
or of the cluster in France since they could also be potential
alarm of new cluster of the infection. This kind of information
should be immediately shared with the organizations, which
are accountable for the public health to be in the possibility to
take epidemic and microbiological discoveries and to alarm
the persons responsible for the safety in the Food Agencies.
In addition it should be increased the capacity of the national
reference laboratories in view on the fact that the confirming
of the serotype is from critical importance. According to EU
case definition for diarrhea and haemolytic uremic syndrome
(HUS) caused by epidemic strain shiga toxin 2 producing
E.coli (STEC) O104:H4 the isolation of a STEC strain of
confirmed epidemic case is the isolation of a STEC strain of
serogroup O 104 and fulfilling epidemiological criteria for a
probable case. Therefore, the routine producing of the ag-
glutinating antiserum E.coli 0104 could be a great help in
such situation. It is well known the wide application of silver
ions in different areas such as food industry, medicine and
other [6]. However, the silver nanoparticles and especially
these, which are stabilized [6-13] showed better properties in
comparison to the silver ions [7-9] and it is possible to apply
them for the diagnostics of outbreaks by an Enterohemor-
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rhagic Esherichia coli. The main aim of this study is to test
the biochemical and antimicrobial properties of the control
strain E.coli O 104 Kopenhagen and to determine the Mini-
mal Bactericidal Concentration (MBC) of silver nanoparticles
(AgNps) stabilized via polyvinyl alcohol (PVA/AgNps).

MATERIALS AND METHODS:

A control strain E.coli O 104 Kopenhagen (lyophilized on
20.09.1974) as a part from the lab bacterial-strain-collection
(“Bul Bio -NCIPD"), Polyvinyl alcohol (PVA) (Sigma—Aldrich;
87-88% hydrolyzed, Mw = 13,000-23,000 mol-1); HNO3
(Riedel de Haln, standard solution 2 mol/L); silver nitrate
(Acros Organics); tetraethyl orthosilicate (TEOS) (Fluka)
were used as received without further purification. Nutri-
tion media in disposable petri dishes and Staff set (“Bul
Bio-NCIPD”) are used for the biochemical identification.
Antimicrobial disks, produced by “Bul Bio-NCIPD” and “BBL”,
disks impregnated with PVA/AgNps/TEOS hybrid material
with initial concentration of silver nitrate 3.7 mg/ml were
used [14]. TEM images clearly demonstrate the formation of
spherical silver nanoparticles, homogenously distributed in
PVA/TEOS matrix obtained by annealing the films 100° C for
60 min. The average particle size increased slightly from 5.0
+0.7 nmto 6 + 1.8 nm when the concentration of the AQNO3
in the initial mixture is increased [14]. Hybrid material PVA/
AgNps, synthesized by thermal reduction of AQNO3 at 100
°C in the presence of polyvinylalcohol (PVA) as a stabilizing
agent with established by ICP-OES concentration of silver:
156.902 mg/L. Conventional microbiological methods for test-
ing the biochemical properties, which are performed with the
aid of software program PIB were used [15]. The testing of
the antimicrobial sensitivity was performed according to the
Disk Diffusion Method [14, 16-17]. The MBC of the control
E.coli O104 strain with the hybrid material was performed
using twofold macro-dilutions [18].

RESULTS AND DISCUSSION:

1. Culture and biochemical characteristic of the strain
E.coli O 104 Kopenhagen.

In the present study, the biochemical and antimicrobial
properties of the control strain E.coli O 104 Kopenhagen
lyophilized in 20.09.1974 was studied. Initially to refresh the
culture Soya Casein Digest Broth was used and after this
inoculation the strain was cultivated using three different
types of solid nutrient media as Mac Conkey Agar (Figure
1a), Sheep Blood Agar (Figure 1b) and Common agar. Using
Mac Conkey Agar on the surface were observed typically
lactose-positive species and intermediate-large colonies.
Using Sheep Blood Agar a growth without haemolysis on
the surface was observed. The culture on the Common Agar
was used for the biochemical identification.

o

Figure 1: Culture on: a) Mac Conkey agar, b) Sheep Blood
Agar
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To confirm the species, staff set for identification of isolates
belonging to the family Enterobacteriaceae (,Bul Bio —
NCIPD") was used. After 24-hours incubation at 37°C the
biochemical reactions were determined and then the results
were processed with the software program PIB “Probalistic
Identification of Bacteria” [15] (Table 1).

According to the software program PIB the identification
threshold should have score of ID = 0.95 which mean that
the identification of the bacterial strain is performed correctly.
In our case the score was 0.99742 and this result confirms
that the isolate is E.coli.

2. Testing the antimicrobial sensitivity of the control
strain E.coli 0104 with conventionally used for preven-
tion and treatment antimicrobials and with two hybrid
materials containing silver nanoparticles.

The control strain E.coli 0104 was tested for sensitivity using
Disk Diffusion Method (DDM) of CLSI with the antimicrobial
disks: ampicillin (A), ampicillin-sulbactam (A/S), amoxicillin-
clavulanic acid (AmC), aztreonam (Azt), imipenem (1), gen-

tamicin (G), ciprofloxacin (Cp), cefuroxime (Cx), cefamandole
(Cm), cefotaxime (Ct), ceftazidime (Cz), ceftriaxone (Cft),
cefepime (Ce) and disks impregnated with PVA/AgNps/
TEOS hybrid material with initial concentration of silver
nitrate 3.7 mg/ml. The zones of the antimicrobial disks were
accounted according to the norms indicated in CLSI M100-
S17 (Table 2, Figure 2). It was established that the control
strain E.coli 0104 is susceptible to all tested antimicrobials.
The detected zone of inhibition using impregnated with PVA/
AgNps/TEOS disk was in the limits of susceptibility, which
was established by earlier testing with clinical, resistant
to antimicrobials strains, isolated from human [19]. (Insert
Table2, Figure2)

To determine the Minimal Bactericidal Concentration (MBC)
of PVA/AgNps with silver concentration of 157 mg/L against
the strain E.coli 0104 (Table 3, Figure 3), a macro-dilutions
method was used [18]. The bacterial suspension was stand-
ardized to 0.5 MF with densitometer, which is equivalent to
1-2x108 CFU E.coli [16].

Table 1. Biochemical identification of the control strain as Escherichia coli

tests results
Motility 37°C +
Yellow pigment =
Red pigment =
Mac Conkey +
Catalase +
Arginine dihydrolase L
Lysine decarboxylase ¥

Ornithine decarboxylase =
Urease =
H2S &
Simmons citrate -
VP 25°C =

tests results
Indole +
Inositol -
Lactose +
Maltose +
Mannitol +
Raffinose -
Rhamnose +
Salicin +
Sorbitol +
Sucrose -
Trehalose +
Xylose +

Table 2. Inhibition zone in mm at testing the sensitivity of the control strain E. coli 0104 toward disks impregnated with antimicrobial
materials and disks impregnated with PVA/AgNps/TEOS using DDM.
PVA/
E coli 0104 A AIS AmC Ay i Cp Cx Cm Ct Cz Cft Ce  AgNps
mm mm mm mm mm mm mm mm mm mm mm /TEOS
mm
Zone diameter (mm) 19 22 22 30 25 22 31 24 30 36 31 30 34
1
Interpretation (CLSI) S S S S S S S S S S S S
Table 3. Determination of MBC of the hybrid material PVA/AgNps with E.coli 0104
PVA/AgNps Ne1 Ne2 Ne3 Ne4 Ne5 Ne6 Ne7 Ne8 Ne9 Ne10
(mg/L) 39 19.6 9.8 4.9 25 1.2 0.6 0.3 0.15 0.08
E.coli 0104 Confluent
(Cfu) 0 0 0 0 0 0 fl 2100 growth
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Figure 2: DDM for testing the sensitivity of the control strain
E. coli 0104 with different
antimicrobial disks; in the middle of the petry dishes are
placed disks impregnated with
PVA/AgNps/TEOS hybrid material.

The MBC of the hybrid material PVA/AgNps against the
strain E.coli 0104 was 0.3+0,1 mg/L. This value of MBC
corresponds to our previous results [20], where the used
strain was E.coli ATCC 25922 and hybrid material was in
the form of silver loaded micelles on the basis of poly(vinyl
alcohol)-b-polyacrilonitrile (PVOH-b-PAN). In those case the
determined MBC was 0.36 pg/ml.

Figure 3: MBC of PVA/AgNps tested with E.coli 0104
List of the used abbreviations:
A- ampicillin
A/S - ampicillin-sulbactam
AmC - amoxicillin-clavulanic acid
Azt - aztreonam
AgNps - silver nanoparticles
AgNO3 - silver nitrate
CLSI - Clinical and Laboratory Standards Institute
Ce - cefepime
Cft - ceftriaxone
Cm - cefamandole
Cp - ciprofloxacin
Ct - cefotaxime
Cx - cefuroxime
DDM - Disk Diffusion Method
EU - European Union
E.coli - Escherichia coli
G - gentamicin
HNO3 - Nitric Acid
HUS- Hemolytic-uremic syndrome
I - imipenem
ID - identification value
ICP-OES - Inductively Coupled Plasma Spectroscopy
MBC - Minimal Bactericidal Concentration
PVA - polyvinyl alcohol
PVOH-b-PAN - poly(vinyl alcohol)-b-polyacrilonitrile
PIB - Probabilistic Identification of Bacteria
STEC - Shiga toxin-producing E.coli
TEOS - tetraethyl orthosilicate
TEM - Transmission electron microscopy

The obtained value of MBC was much lower than the cited
in the literature value as cytotoxic when using silver nano-
particles. The silver nanoparticles showed a cytotoxic effect
only at concentration higher than 30 mg/L [10].

CONCLUSION:

The performed microbiological tests confirmed the species of the tested
control strain E.coli 0104 with ID 0.99742. It was sensible to all tested
antimicrobials as well as to the disk impregnated with PVA/AgNps/
TEOS. The MBC of 0.3%0,1 mg/L was determined as this concentration is
under the limit for cytotoxic concentration of silver nanoparticles. These
results are optimistic for an application of such kind of hybrid materials
for producing of in vitro diagnostic medical devices, prevention and
treatment in case of Enterohemorrhagic E.coli infections.
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