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Distribution of Super-Antigens and Toxins in Bulgarian Invasive and  
Non-Invasive Clinical Isolates Streptococcus pyogenes

Adile Muhtarova, Raina Gergova, Lena Setchanova, Ivan Mitov
Department of Medical Microbiology, Medical University, Sofia, Bulgaria

Abstract
Streptococcus pyogenes, or Group A streptococcus (GAS), is the major pathogen of bacterial tonsi-

lo-pharyngitis tonsillopharyngitis and of skin and soft-tissue infections, which can also cause severe invasive 
disease or dangerous post-streptococcal autoimmune complications. The differences in the pathogenesis are 
due to the existing variety in the GAS genome, which often occurs as a result of the cumulative effect of a 
greater number of various virulence genes. The aim of this study was to determine the frequency and dis-
tribution of genes encoding super-antigens and toxins in Bulgarian GAS isolates according to their source 
and kind of infection. Clinical isolates (n=238) from throat samples, wounds, punctures from peri-tonsilar 
peritonsillar abscesses, middle ears and sinuses, blood cultures and cerebrospinal fluid, identified as GAS, 
were screened for the presence of 21 virulence genes, using multiplex polymerase chain reaction (PCR). 
All of the tested strains were shown to carry the typical of GAS genes: slo, speB, sypCEP, sdaB; more than 
80%, mac and smeZ; followed by speF, speG, speJ and genes for DNA-ses sdc, sdaD, Spd3 (between 50% 
and 75%). An attempt was made to seek an association between the PCR-detected GAS virulence genes, the 
kind of infection and the source of isolates. A large genetic diversity was found in the studied strains. The 
genes speA, speF, speL and speM or their combinations were detected more often in invasive isolates (p < 
0,05) than in non-invasive ones.
Key words: Streptococcus pyogenes, virulence, PCR

Резюме
Streptococcus pyogenes или стрептококи от група А (GAS) са основният причинител на бакте-

риалния тонзило-фарингит, инфекции на кожата и меките тъкани, които също могат да причинят 
тежко инвазивно заболяване или опасни пост-стрептококови автоимунни усложнения. Разликите 
в патогенезата се дължат на съществуващи различия в генома на GAS, който често се проявява в 
резултат на кумулативния ефект на по-голям брой различни гени на вирулентност. Целта на това из-
следване е да се определи честотата и разпределението на гени, кодиращи супер-антигени и токсини 
в българските изолати GAS, в зависимост от техния произход и вид инфекция. Клиничните изолати 
(n = 238) от проби от гърло, рани, пунктати от перитонзиларни абсцеси, от средно ухо и синуси, хе-
мокултури и цереброспинална течност, идентифицирани като GAS, бяха скринирани за наличието 
на 21 гени на вирулентност, използвайки мултиплекс полимеразо-верижна реакция (PCR). Всички 
от изпитваните щамове са показали, че носят типичните за GAS гени slo, speB, sypCEP, sdaB; повече 
от 80%, mac и smeZ; последвани от speF, speG, speJ и гени за ДНК-зи sdc, sdaD, Spd3 (между 50% и 
75%). Беше направен опит да се търси връзка между откритите чрез PCR GAS гени на вирулентност, 
вида на инфекцията и източника на изолатите. В изследваните щамове е установено голямо гене-
тично разнообразие. Гените speA, speF, speL и speM или техните комбинации се откриват по-често в 
инвазивни изолати (p <0,05), отколкото при неинвазивни.

ACTA MICROBIOLOGICA BULGARICA Volume 33 / 4 (2017)

Introduction 
Streptococcus pyogenes (Group A strepto-

coccus - GAS) causes a broad range of diseases in 
humans including invasive and non-invasive infec-
tions like pharyngitis, impetigo, erysipelas, celluli-

tis, scarlet fever, necrotising fasciitis (NF), strepto-
coccal toxic shock syndrome (STSS) In addition, 
self-limited streptococcal infections, which can start 
as local, benign ones, may often become the reason 
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for development of dangerous post-streptococcal 
suppurative (abscess, sepsis) or nonsuppurative au-
toimmune complications, such as acute rheumatic 
fever, rheumatic heart disease, reactive arthritis, 
Kawasaki disease, psoriasis and acute glomerulo-
nephritis (Descheemaeker et al., 2000; Carapetis et 
al., 2005; Proft and Fraser, 2016). Some of these 
are with high mortality rates (15%): more than half 
a million deaths each year are due to streptococcal 
diseases worldwide, with no effective vaccine pre-
vention against GAS infections currently (Carape-
tis et al., 2005; McMillan et al., 2012). Increases 
in invasive S. pyogenes disease have been reported 
from various European countries during the 1990s 
and into the 2000s (Lamagni et al., 2005; Lamagni 
et al., 2008). A large number of virulence factors 
are involved in the complex pathogenicity of this 
organism (Borek et al., 2011; Cunningham, 2000; 
Golińska et al., 2016; Yang et al., 2013). These 
factors include M protein, streptococcal inhibitor 
of complement - sic, streptococcal pyrogenic exo-
toxins, which have properties  of super-antigens 
(SAgs) - speA, speC, speH, speI, speK, speL, speM, 
ssa, haemolysins and several DNases: spd3, sdc, 
sdaB, sdaD (Hauser et al., 1991; Murakami et al., 
2002; Hasegawa et al., 2010; Borek et al., 2012). 
Some of the GAS virulence factors are chromosom-
ally encoded, however, a large fraction of virulence 
factors such as a majority of DNAses and SAgs are 
encoded by mobile genetic elements (Vlaminckx et 
al., 2003; McMillan et al., 2012). The differences 
in the pathogenesis are due to the existing variety in 
the GAS genome, which often occurs as a result of 
the cumulative effect of a greater number of various 
virulence genes (Proft and Fraser, 2016; Golińska 
et al., 2016). 

The aim of this study was to determine the 
frequency and distribution of genes encoding su-
per-antigens and exotoxins in Bulgarian GAS iso-
lates according to their source and kind of infection.

Material and methods 
Strains

A collection of clinical non-duplicate GAS 
strains (n=238) isolated in the period October 2013 
– April 2017 were used. The first group consisted 
of non-invasive isolates from mucosal samples: 
pharyngeal (185) and vaginal (12) swabs, and from 
erysipelatous skin lesions (6). The second group con-
sisted of invasive ones: punctures from peritonsil-
lar abscesses (5), middle ears (10) and sinuses (8), 
wounds (10) blood culture (1), and one cerebrospi-
nal fluid (1). The isolates were identified as pre-

viously described by Gergova et al. (2015). GAS 
strains were stored in skim milk at 70°C, and before 
experiments were subcultured three times on Co-
lumbia agar (BBL, Germany) supplemented with 
5% sheep blood.
Extraction of DNA

DNA extraction was performed using a 
DNAsorb-AM nucleic acid extraction kit (AmpliS-
ens), according to the manufacturer’s guidelines. 
For the purpose of DNA extraction, GAS strains 
were cultured on Columbia blood agar (BBL, Ger-
many) for 24 h at 35°C in an atmosphere with 5% 
CO2. Then, the bacterial lysates were obtained from 
this growth of pure microbial culture.
Polymerase chain reaction (PCR) assay. 

PCR was performed in a 25 μl reaction mix, 
using primers for the genes of DNA-ses: spd3, 
sdc, sdaB, sdaD; exotoxins and SAgs: speA, speC, 
speH, speF, speI, speJ, speK, speL, speM, ssa; pro-
tease inhibitors: spe B, spyCEP, mac, sic and gene 
for hemolysin - streptolysin O (slo) shown in Table 
1. DNA was amplified using modifications of the 
protocols of Borek et al. (2011, 2012) and Gergova 
et al. (2015). The amplified genes were separated 
in a 2% agarose gel for 70-90 min at 120 V, stained 
with ethidium bromide (0.5 μg /mL) and detected 
by UV transillumination (wavelength 312 nm). 

Statistical Analysis
The data were analyzed using the Chi-square 

test, Fisher’s exact test for categorical variables. All 
analytical procedures were performed using SPSS 
for Windows, Version 16.0. (SPSS Inc., Chicago, 
USA). Differences were considered statistically 
significant at P < 0.05.

Results
Our results are shown in Table 2. All of the 

tested strains were shown to carry the typical of 
GAS genes slo, speB, sypCEP, sdaB. More than 
80% of the strains had genes mac and smeZ; fol-
lowed by speF, speG, speJ and genes for DNA-ses: 
sdc, sdaD, spd3 (between 50% and 75%). The pre-
dominant combinations in both groups were: slo, 
speB, sypCEP, sdaB, mac, smeZ, speG, speJ with 
or without sdc, sdaD, spd3. The genes speA, speF, 
speL and speM or their combinations were detected 
more often in invasive isolates (p < 0,05) than in 
non-invasive ones. Representative amplicons formed 
via multiplex PCR using six mixes by protocols 1 to 6 
are presented in Fig. 1.
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Virulence
genes Primer sequence ( 5`→3`) Annealing

Amplicon 
size (bp) 

Protocol 1 and mix 1 60°C 30 sec

sdc AAGCTTAGAAACTCTCTCGCCA
AGTTCCAGTAATAGCGTTTTTCCGT

600

sdaB TATAGCGCATGCCGCCTTTT
TGATGGCGCAAGCAAGTACC

440

sdaD TTTACGCTGAATCGGGCACT
GGCTCTGGTTTGCTTTCCCA

295

spd3 GCCGCTTCTTCAAACTCTTCG
ATCGTCGTACTTGGCAAGGTT

784

Protocol 2 and mix 2 59°C 40 sec

speL CCTGAGCCGTGAAATTCCCA
ACACCAGAATTGTCGTTTGGT 

657

speK CCTTGTGTGTGTATCGCTTGC
TTGCTGTCCCCCATCAAACT

568

speC GCCAATTTCGATTCTGCCGC
TGCAGGGTAAATTTTTCAACGACA

405

smeZ TTTCTCGTCCTGTGTTTGGA 
TTCCAATCAAATGGGACGGAGAACA

246

speM ATCGCTCATCAAACTTTTCCT
TTGTGTGTGTATCGCTTGC

496

Protocol 3 and mix 3 58,8°C 35 sec

speH TGAGATATAATTGTCGCTACTCACAT 
CCTGAGCGGTTACTTTCGGT

480

speG TGGAAGTCAATTAGCTTATGCAG 
GCGAACAACCTCAGAGGGCAAA

384

speJ TCCTTGTACTAGATGAGGTTGCAT 
GGTGGGGTTACACCATCAGT

286

Protocol 4 and mix 4
57°C 40 sec

ssa AAGAATACTCGTTGTAGCATGTGT 
AATATTGCTCCAGGTGCGGG

678

speI TTCATAGACGGCGTTCAACAA 
TGAAATCTAGAGGAGCGGCCA

176

mac TCTTGCCCTGTTGAAAGTGT 
CGAGGTGGTATTTTTGACGCC

389

Protocol 5 and mix 5 53°C 40 sec

speB AGACGGAAGAAGCCGTCAGA 
TCAAAGCAGGTGCACGAAGC

952

spyCEP GATCCGGCCCATCAAAGCAT 
AGCTGCCACTGATGTTGGTG

786

slo GCCAATGTTTCAACAGCTATT
CGGAGCTGCACTAAAGGC

400

Protocol 6 and mix 6 55 °C 45 sec

speA AGGTAGACTTCAATTTGGCTTGTGT 
GGGTGACCCTGTTACTCACG

576

speF TACTTGGAT CAAGACG 
GTAATTAATGGTGTAGCC

782

sic TTACGTTGCTGATGGTGTATATGGT 
TTGATAGAGGGTTTTCAGCTGGC

150

Table 1. Oligonucleotide primers and protocols used for gene detection
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Table 2. Distribution of super-antigens and toxins in Bulgarian invasive and non-invasive clinical isolates 
of Streptococcus pyogenes.

 *P< 0.05 is statistically significant

Virulence genes in GAS in 
Bulgarian strains (n= 238)

Non-invasive strains carrying 
gene % (n=203)

Invasive strains carrying gene 
% (n=35)

P – value*

speB, spyCep, slo, sdaB 100 100 1.000
mac 86 82 0.5957
smez 81 82 1.000
speJ 65 71 0.5647
speG 50 51 1.000
sdc 65 68 0.8475
sdaD 55 57 0.8561
spd3 51 54 0.8556
speA 20 45 0.0022
speF 54 77 0.0152
speL 16 40 0.0049
speM 18 42 0.0031
speK 28 31 0.6886
speI 26 25 1.000
speC 30 28 1.000
speH 2 6 0.1567
ssa 28 31 0.6886
sic 36 37 1.000

Fig. 1. Gel electrophoreses - amplicons of GAS genes encoded DNA-ses, SAgs and exotoxins. 
(Mixes 1, 2, 3, 4, 5, 6) 
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Discussion 
The results from this study revealed a trend 

towards a strong presentation of various genes en-
coding SAgs and toxins in Bulgarian GAS isolates 
(Table 2). SAgs are a large family of heat-stable 
exotoxins and highly potent mitogens that share 
the ability to trigger excessive stimulation of hu-
man and other mammalian T lymphocytes. They 
are produced by a small number of bacterial spe-
cies such as S. pyogenes, S. dysgalactiae (group C 
Streptococcus) and S. equi (group G streptococci), 
Staphylococcus aureus and some viruses (Proft and 
Fraser, 2016). These virulence factors play a major 
role in the development and pathogenesis of inva-
sive infections (Hauser et al., 1991). In all tested 
Bulgarian GAS isolates from the last five years, 
slo, speB, sypCEP genes were detected, and also 
frequently the SAg gene smeZ, against which no 
neutralizing antibodies could be detected in the 
acute serum, but were found in convalescent serum 
(Yang et al., 2013). They are chromosomal genes 
and the first three may be used to identify GAS 
(Gergova et al., 2017) or as positive controls for 
PCR amplification (in this study). Both speB and 
spyCEP are vaccine candidates. The speB gene is 
involved in the post-translational regulation of the 
synthesis of virulence factors. SpeB encodes infor-
mation for the synthesis of GAS proteins associated 
with mucosal colonization and biofilm formation in 
invasive phenotypes (Dmitriev et al., 2010). The 
spyCEP protease inhibits neutrophils by specifical-
ly cleaving IL-8 and other chemokines, one of the 
multifunctional host defense peptides and promotes 
resistance to neutrophil killing. This repression of 
phagocytic protection contributes to the higher vir-
ulence and plays a key role in the regulation of the 
proteolytic activity and pathogenesis of invasive 
soft tissue GAS infection by aiding systemic bac-
terial spread (Zinkernagel et al., 2008). In addition, 
all of the tested isolates had at least one (sdaB), in 
approximately 70% - two DNA-se genes and more 
than 50% - three or four ones. The production of 
multiple DNA-ses with various substrates is a sur-
vival advantage of these GAS strains in the host, 
which contributes to disease progression. The mul-
tiple DNA-ses genes, including chromosomally de-
termined and prophage encoded variants, contrib-
ute to DNA-se activity and thus play an important 
role at various phases of the infection (Hasegawa 
et al., 2010). The invasion potential of the GAS 
strains tested in this study and in our previous work 
is higher than in many other countries (Gergova et 
al., 2015). Changes in the epidemiology of S. pyo-

genes have drawn the attention of researchers to-
wards various virulence factors of these bacteria: 
pyrogenic exotoxins and streptococcal SAgs (La-
magni et al., 2005; 2008). GAS with the help of 
many SAgs and extracellular DNA-ses have the 
capacity to breach epithelial barriers and cause a 
variety of invasive diseases (Hasegawa et al., 2010; 
Proft and Fraser, 2016). 

The studied GAS strains contained more 
than twelve genes, often close to nineteen, when 
streptococci were isolated from a patient with in-
vasive infection (p < 0.05), than in the cases with 
non-invasive ones - usually with eight to ten of the 
examined 21 virulence elements. New data have 
indicated that the pathogenic properties of GAS 
strains are often linked to the production of a great-
er number of virulence factors and their cumulative 
effect may be the predictor of its of GAS strains 
invasiveness (Vlaminckx et al., 2003; Sumby et al., 
2005; Golińska et al., 2016). The genes for import-
ant Sags, such as speA, speF, speL, speM (Table 2), 
were very frequently detected (p < 0.05) in Bul-
garian isolates from punctures, aspirates, wounds, 
blood and cerebrospinal fluid, probably regarding 
the more invasive potential of the strains. The speA 
gene was found in a majority of S. pyogenes isolates 
from the USA, associated with invasive disease 
and STSS, but only in a minority of isolates from 
non-invasive diseases, similar to our results (Proft 
and Fraser, 2016). Some other virulence elements, 
such as ssa, were detected in Bulgarian GAS strains 
with different frequency according to the findings 
of other authors and did not confirm its significance 
at invasive streptococcal disease (Descheemaeker 
et al., 2000; Hasegawa et al., 2010). Results from 
our previous study on a smaller number of strains 
showed the other important SAg speF in 34.92% 
only (Gergova et al., 2015). After optimization of 
PCR and examination of new strains, we detected 
speF in about 70%, again predominantly in invasive 
isolates. The speL and speM genes were detected in 
a small number of tested isolates, 15% - 16% of 
non-invasive, and 28% - 29% of invasive ones, but 
were found together, suggesting their stable genetic 
linkage (Proft and Fraser, 2016). 

Some other studies suggest a link between 
emm genotypes and combinations of SAgs. In a 
longer period the spe genotype can change profiles 
in different M type isolates. These results suggest 
that the distribution of emm genotypes is related to 
super-antigens, and are the first to show the profiles 
of speG and speH (Murakami et al., 2002) Howev-
er, most SAg have not been characterized precisely, 
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and more information is needed to clarify the asso-
ciation between the clinical features and pathogenic 
roles of SAgs.

Conclusion
All of the examined strains presented the typ-

ical for GAS genes slo sdaB, speB and sypCEP; 
more than 80% genes mac and smeZ; followed by 
sdc, spe F, speG. and speJ. A large genetic diversity 
was found in the tested GAS strains, with a greater 
number of virulence determinants detected when 
their source was an invasive infection than from a 
non-invasive one (p < 0.05). The significant differ-
ence among invasive and non-invasive isolates was 
shown with the combination of SAgs: speA, speF, 
speG, speL, speM, which was the most commonly 
detected in link to invasive isolates.

Our results illustrated that the cumulative ef-
fect of a large number of genes, encoded SAgs, tox-
ins and DNA-ses in Bulgarian GAS strains may be 
predictors of their possible invasiveness. This could 
hinder the treatment of the diseases due to GAS and 
must be related to the selection and the duration of 
their therapy.
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Abstract
The aim of thisinvestigation was to evaluate the various virological responses at several time points 

of therapy in chronically infected patients with dual HBV and HDV infection.A total of 23 patients, 8 
(34.8%) women and 15 (65.2%) men with serologically proved chronic HBV and HDV infection, at the 
Gastroenterology Department of the University Hospital St. Marina, Varna, Bulgaria, were investigated in 
the hospital’s laboratories of Clinical Virology and Clinical Immunology. Quantitative determination of 
HBV DNA and HDV RNA was performed by Real-time PCR, on several occasions during and after therapy 
from 2012 to 2017.HBV viremia ranged from 1.0x10 2to 1.6x106cps/ml. HDV viremia ranged from 2.5x102 
to 9.6x106cps/ml. HDV replication dominated in 16 patients (69.6%), accompanied by low HBV viremia. 
HDV-RNA and HBV-DNA levels showed no direct inverse correlation in the less part of the investigated 
patients, although higher HDV levels were accompanied by lower HBV viremia. HBV DNA correlates pos-
itively with HBeAg positivity. IFN is efficient in reducing transaminanses (ALT), decreasing HDV RNA 
levels at some point, but it is not operative in HDV RNA clearance. Lamivudine alone is a potent inhibitor 
of HBV DNA replication but does not improve disease activity or lower HDV RNA levels in patients with 
chronic delta hepatitis. It did not increase sustained virological response when combined with IFN. When 
virological breakthrough during Lamivudine therapy occurs, Tenofovir is a means of choice for treatment. 
Biochemical parameters did not accurately indicate the stage and grade of liver disease in chronic HDV 
patients as they often fluctuate over time.
Key words: HBV DNA,HDV RNA,virological responses, INF, Lamivudine, Tenofovir

Резюме
Да се оценят различните вирусологични отговори, в няколко етапа от терапията, при пациенти 

с хронична смесена HBV и HDV инфекция. Изследвани са 23 пациенти на гастроентерологичната 
клиника на УМБАЛ ”Св. Марина” Варна, от които 8 жени (34.8%) и 15 мъже (65.2%), със сероло-

*Corresponding author: dr.tsaneva@gmail.com
*The paper was presented at the 10th Balkan Congress of Microbiology, 
2017, Sofia, Bulgaria
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гични данни за хронична смесена HBV и HDV инфекция в Лабораторията по клинична вирусология 
и Лабораторията по клинична имунология на УМБАЛ ”Св. Марина”. Количествено определяне 
на вирусния товар за HBVДНК, както и HDVРНК беше извършено посредством Real-time PCR, 
на различни етапи от провежданата терапия, в периода 2012-2017 год. HBV вирусният товар се 
движи от1.0x102до 1.6 x 106cps/ml. HDV виремия доказахме в обсег от 2.5x102до 9.6x106cps/
ml. HDV репликацията доминира при 16 пациента (69.6%), съпроводена от ниска HBV виремия. 
Регистрираните нива на HDV РНК и HBV ДНК не показаха директна обратна корелация, при по-
малка част от пациентите, въпреки че по-високите HDV нива се свързват обичайно с по-ниска 
HBV виремия. HBVДНК корелира положително с HbeAg-позитивността. IFN ефективно води до 
снижаване на нивата на трансаминазите (ALAT), намалява нивата на HDV РНК, но не води до 
трайно негативиране на HDV РНК. Монотерапията с Lamivudine не подобрява хода на болестта при 
пациенти с хроничен делта хепатит и не намалява трайно нивата на HDV РНК, въпреки че е потен-
циален инхибитор на HBV ДНК репликацията. Lamivudine в комбинация с IFN не задържа нивата на 
HBV ДНК под 2000 IU/ml за поне12 месеца след края на терапията. При наличие на вирусологичен 
пробив на фона на терапия с Lamivudine, се включва Tenofovir, като средство на избор. Биохимичните 
показатели не отразяват коректно стадия на чернодробното заболяване, при пациентите с хронична 
HBV и HDV инфекция, т.к се варират през цели период на лечението и след това.

Introduction
Chronic hepatitis B is a major global prob-

lem, affecting more than 350 million worldwide and 
leading to 1 million deaths each year (Lee, 1997; 
Wright et al., 2006; Ganji et al., 2011). There are 15 
million of chronic HBV carriers in Europe (Ott et 
al., 2012). The prevalence of chronic carriage gen-
erally increases from North to South and from West 
to East, varying between 0.1% in the Netherlands 
and > 7 % in the Balkan countries (Todorova et al., 
2016). According to the data about the overall Bul-
garian population, the Northeastern region belongs 
to the high intermediate endemic area (Fitzsimons 
et al., 2011). Hepatitis delta virus (HDV) infection 
is the least frequent but the most severe type of 
viral hepatitis (Bielawski et al., 2006; Manesis et 
al., 2007). Discovered and isolated in Italy in the 
mid-1970s, the virus was demonstrated to be en-
demic worldwide, with prevalence rates varying 
greatly in different geographical areas, regardless 
the prevalence of HBV, whose presence is manda-
tory for HDV propagation (Romeo et al., 2015). 
The chronic dual infection HBV/HDV has lately 
regained clinical importance because of the recent 
evidence of increasing prevalence in several Eu-
ropean countries, due to immigration from highly 
endemic areas, cheap air travel and globalization 
(le Gal et al., 2007; Gaeta et al., 2007; Degertekin 
et al., 2008; Tahaei et al., 2014). There are two 
models of HDV infection: coinfection, which re-
sults from acute infection with both hepatitis B vi-
rus and HDV, whereas super infection results from 
HDV infection of patients with underlying chronic 
hepatitis B infection (Hepactive, 2009). The clini-
cal expression of HBV/HDV infection is wide and 

although it sometimes follows a benign course, 
more often HDV superinfection suppresses HBV 
and above 70% of the patients are at greater risk of 
developing chronic active hepatitis, cirrhosis, liver 
decompensation and death, as compared to HBV 
monoinfection (Fattovich et al., 2000; Ivanova, et 
al., 2012; Ghamari et al., 2013). The treatment of 
chronic HDV (CHD) is non-specific and inefficient 
(Niro et al., 2005).

Responses to antiviral therapy of chron-
ic HBV and HDV can be divided into biochemi-
cal, serological, virological and histological. All 
responses can be estimated at several time points 
during and after therapy. The definitions of virolog-
ical responses vary according to the timing (during 
or after therapy) and type of therapy (EASL, Prac-
tice guidelines). 

The aim of our study is to assess the signif-
icance of the quantitative determination of HBV 
DNA and HDV RNA levels and to evaluate the 
various virological responses at several time points 
on-therapy, in chronically infected patients with 
dual HBV and HDV infection. The virological re-
sponses of the patients included in the study were 
evaluated every 3-6 months during the course of 
treatment, at the end of therapy and 3 months after 
the post-treatment follow-up period.

 
Materials and Methods
Study population

A group of 23 patients- 8 (34.8%, 95% CI: 
16.4; 57.3) women and 15 (65.2%, 95% CI: 42.7; 
83.6) men with serologically proved chronic HBV 
and HDV infection, patients at the Gastroenterolo-
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gy Department of the University Hospital St. Mari-
na, Varna, Bulgaria, were investigated in the hospi-
tal’s laboratories of Clinical Virology and Clinical 
Immunology.

Twenty-one of our patients were HBeAg neg-
ative (91.3 %), one of them HBeAg (+) and one 
patient with HBeAg seroconversion and reversion 
to HBeAg positive status.

Past and resolved HCV infection was evident 
in one of them with positive anti-HCV antibodies, 
but negative for HCV RNA. One patient was with 
HBV/HDV/HCV triple infection, anti HCV posi-
tive and HCV RNA with level 233IU/ml.
Methods

Virological assays were performed at base-
line, during the course of therapy and during the 
post-treatment follow-up period. The serum sam-
ples were investigated for HBsAg, anti HBctotal, 
HBeAg/anti-Hbe Ab, HCV, and anti HDV by ELI-
SA, using commercially available test kits. Quanti-
tative determination of HBV DNA and HDV RNA 
was performed by Real-time PCR, on several occa-
sions during and after therapy from 2012 to 2017.

ELISA for detection of HBsAg ( DIAPRO 
Milano Italy; ETI-MAK-4 DiaSorin Italy; SURASE 
B-96 Taiwan), anti HBc-total (HBcAb Dia.Pro 
Milano Italy; Anti-HBc total Elisa BIOSOURCE 
Belgium), HBeAg (DIA.PRO Milano Italy; ETI-

EBK-2 DiaSorin Italy)A, anti HBe (Hepatitis B e 
Ab Enzyme Immunoassay ClinPro. International 
USA), anti-HCV (DIA.PRO Milano Italy; ETI-
AB-HCVK-3 DiaSorin Italy, anti HDV (HDV Ab 
Enzyme Immunoassay Test Kit ClinPro. Interna-
tional USA; ETI-AB-DELTAK-2-Diasorin Italy), 
according to the manufactures’ recommendations 
were performed.

Real-Time PCR for quantitative detection of 
HBV-DNA were carried out after extraction of the 
nucleic acid from 500 µl serum samples using a 
commercially available kit (Bosphore Magrev 24 
Manual Magnetic Bead Nucleic Acid Extraction 
Stand) and were tested for HBV-DNA by Bos-
phore® Ultra HBV Quantitation/ Detection Kit(-
sensitivity threshold 10 IU/ml). Both tests are IVD 
CE marked according to 98/79/EC Directive.

Real-Time PCR for quantitative detection of 
HDV-RNA were performed after extraction of the 
nucleic acid from 200 µl serum samples using a 
commercially available kit (Viral DNA/RNA Puri-
fication Kit 50, Fermentas, Life Sciences. The ex-
tracted RNAs were processed in Reverse transcrip-
tion PCR with commercially available kit (First 
Strand cDNA Synthesis kit, Thermo Scientific). 
Quantification of HDV-RNA was performed by 
Real time PCR for HDV-RNA, Primer Design TM 
Ltd, Genesig).

Mean age ± SD range, years 43,9± 11,9 (28-68)

Male/Female sex, n(%) 15(65,2)/8(34,8)

Hb(g/l) ± SD range 133,3(±24,5)

AST(U/L, UNL:41U/L)
± SD range 75,8(±35,4)

ALT(U/L, UNL:41U/L)
± SD range 104,5(±75,3)

γ-GT(U/L, UNL: 49U/L)
± SD range 92,9(±90,4)

ALP( U/L, UNL: 129 U/L)
± SD range 114,8(±57,1)

HBV DNA, log10, copies/ml
Median range 7,0.102

HDV RNA, log10, copies/ml
Median range 8,7.104

Table 1. Demographic, clinical and laboratory characteristics of patients at baseline (n=23)

*UNL-upper normal limit
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Virological responses
Virological responses were evaluated every 

3- 6 months during the course of treatment, at the 
end of therapy and 3 months after the post-treat-
ment follow-up period.
Liver biopsy

Histological necroinflammation and fibrosis 
in liver biopsies were graded according to META-
VIR scoring system (Hepactiv, 2009).
Statistical analyses

Statistical analysis was performed by using 
the “R commander” software (R foundation for 
statistical computing, https://www.R-project.org). 
Results are expressed as mean (±) SD or medi-
an (range) as appropriate. Data were analyzed by 
t-test, Pearson’s χ2test, Spearman’s rank correla-
tion (r). Two-sided p-values< 0,05 were considered 
statistically significant.Confidence intervals (95% 
CI) were determined using the formula P=p±1,96 
(pq/n)1/2, where p is the frequency, q is 1-p, and n is 
the number of individuals tested in each group.

Results
Twenty-three patients of whom 34.8% (95% 

CI: 16.4 - 57.3, n=8) women and 65.2% (95% CI: 
42.7 – 83.6, n=15), chronically infected with HBV 
and HDV were enrolled in this study. The demo-
graphic, clinical and laboratory characteristics of 
the patients at baseline can be seen in Table 1.

All of the participants in this survey are Bul-
garians, from 28 to 68 years (mean age 43.9). Hb 
(133.3±SD) is given as mean value in g/dl. Bio-
chemical testing included serum liver enzymes: 
AST, ALT, γ-GGT and AF. They were performed 
at baseline, during the course of therapy and during 
the post-treatment follow-up period.

The ALT levels, for every one of the patients, 
were abnormal, comprised between 1.2 and 7.6 
times (median 4.4) the upper limit of normal-GT, 
and ALP were 92.9 (±90.4) and 114.(±57.1), respec-
tively.No significant correlation was noted between 
any of the enzyme activities and patient age or sex, 
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Fig.1. HBV DNA levels (copies/ml)
•	 According to the HDV RNA levels (Fig. 2) five groups of patients were indentified:
•	 	Patients with HDV RNA from 2,5.102 to 8,9.102copies/ml ( n=3; 13%, 95% CI: 2,8; 33,6)
•	 	Patients with HDV RNA from 1,4.103 to 5,2.103copies/ml ( n=5; 21,7%, 95% CI: 7,5; 43,7)
•	 	Patients with HDV RNA from 1,5.104 to 8,7.10 4copies/ml ( n=4; 17, 4%, 95% CI: 5,0; 38,8)
•	 	Patients with HDV RNA from 2,3.105 to 8,9.105 copies/ml (n=5; 21,7%, 95% CI: 7,5; 43,7)
•	 	Patients with HDV RNA from 1,2.106 to 9,6.106copies/ml ( n=6; 26,1%, 95 % CI: 10,2; 48,4)
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Fig. 2. HDV RNA levels (copies/ml)
•	 According to the HBV DNA and HDV RNA viral loads four group of patients were defined:
•	 	Patients with high HDV RNA levels (>105 copies/ml) and low HBV DNA levels (<105 copies /ml) 

(n=11). 47.8%)
•	 	Patients with both low HDV RNA and HBV DNA levels (< 105 copies/ml) (n=8, 34.8%)
•	 	Patients with both high HDV RNA and HBV DNA levels (>105 copies/ml) (n=1, 4.4 %)
•	 	Patients with low HDV RNA levels (<105) and high HBV DNA levels (>105) (n=3, 13%).
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the histological stage of fibrosis and the presence 
of cirrhosis. Both patients with HBeAg positivity 
were with HBV DNA levels > 105. ForHBeAgpos-
itive patients, the opportunity of a sustained viro-
logical response to antiviral therapy is < 20%-30%, 
but the long-term response depends upon HBeAg 
seroconversion. All of the patients were HBsAg, 
anti-HBc total and anti HDV positive.

According to the HBV DNA levels (Fig. 1) 
six groups of patients were indentified:

•	 	Patients with HBV DNA from 0-100 copies/
ml (n= 2; 8,7%, 95% CI: 1,1; 28,0)

•	 	Patients with HBV DNA from 102 to 103 cop-
ies/ml ( n= 11; 47,8%, 95% CI: 27,4; 68,2)

•	 	Patients with HBV DNA from 103 to 104 cop-
ies/ml (n= 5; 21,7%, 95% CI: 7,5; 43,7)

•	 	Patients with HBV DNA from 104 to 105 cop-
ies/ml (n=3; 13,0%, 95 % CI: 2,8; 33,6)

•	 	Patients with HBV DNA from 105 to 106 cop-
ies/ml (n=1; 4,4, 95% CI: 1,0; 21,9)

•	 	Patients with HBV DNA >106 copies/ml 
(n=1; 4,4, 95% CI: 1,0; 21,9)

HBV viremia ranged from 1.0x10 2 to 1.6x106 
cps/ml. HDV viremia ranged from 2.5x102 to 
9.6x106 cps/ml. HDV replication dominated in 16 
69.6% (95% CI: 50.8 – 88.4) patients accompa-
nied by low HBV viremia. Quantitative HBV DNA 
levels (median range 7.0x102copies/ml) were not 
correlated with any demographic, clinical, sero-
logical and histological characteristics of the pa-
tients. Similarly, HDV RNA levels (median range 
8.7x104) did not differ significantly according to 
any demographic and histological characteristics, 
but correlated with the enzyme activities: Spear-
man’s rank correlation coefficient between γ-GT 
and HDV RNA = 0.42, p-value = 0.05; AST and 
HDV RNA = 0.33, p-value = 0.12; ALT and HDV 
RNA = 0.25, p-value = 0.25; ALP and HDV RNA 
= 0.36, p-value = 0.09. HBV DNA and HDV RNA 
levels showed no direct inverse correlation (rho = 
-0.01, p-value = 0.94).

Twenty-one of our patients were HBeAg neg-
ative (91.3 %), one of them was HBeAg positive 
and one patient was with HBeAg seroconversion 

чб

Hepaptits D virus (HDV) levels in patients with
hepatitis B and hepatitis D
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Table 2. HBV DNA and HDV RNA copies/ml are given as median range (interquartile range)

*n-№ of patients

Treatment Baseline Last on treatment Post treatment follow up

HBV log10 
copies/ml.

HDVlog10 
copies/ml.

HBVlog10 
copies/ml

HDVlog10 
copies/ml.

HBVlog10 
copies/ml

HDVlog10 
copies/ml.

IFN2α
(Rofferon)
(n=9)

4,6.102 5,3.105 1,3.102 2,5.104 2,3.102 4,3.105

Peg.IFN
(Pegasys)
(n=4)

1,1.103 2,2.104 8.102 6,1.103 1,7.105 2,2.104

Lamivudine
(Zeffix)
(n=8)

3,5.103 3,6.105 7,3.102 3,1.105 1,3.102 3,7.104

Tenofovir
(Viread)
(n=2)

3,4.106 5,6.102 4,2.105 Neg. 2,4.105 1,8.102

and reversion to HBeAg positive status. Both pa-
tients with HBeAg positive status were with HBV 
DNA levels > 105cops/ml.

Fibrosis was observed in 52.2% (95% CI: 
30.6% - 73.2%, n=12).Liver biopsies were achieved 
to 43.5% (95% CI: 23.2% - 65.5%, n=10) patients 
from the investigated group and results were as-
sessed with METAVIR scoring system. All patients 
had moderate necroinflammatory activity (median 
METAVIR score 2, ranging from 1 to 3), associat-
ed with severe fibrosis (median score: 3, ranging 
from 2 to 4). Cirrhosis was evident in 47.8% (95% 
CI: 26.8% - 69.4%, n=11).Patients with high HBV 
DNA or high HDV RNA levels (>105 copies/ml) 
were not predominantly affected by cirrhosis (Chi-
square of 0.1, p = 0.75 and 0.38, p = 0.54, respec-
tively) when compared to patients with low HBV 
DNA or HDV RNA levels.Cirrhosis progression 
and mortality rate was evaluated via Child-Pugh 
score (Ruseva, 2015). Five patients with cirrhosis 
were at class A – 45.5% (95 % CI: 16.7% - 76.6%), 
four- at class B (33.3%, 95% CI: 6.7% - 60.0%) and 
two at class C (16.7%, 95% CI: 21.0% - 48.4%). 
Six patients (26.1%, 95% CI: 10.2% - 48.4%) died 
during the survey period and for all of them HDV 
RNA replication dominated HBV DNA. No sig-
nificant difference was found in enzyme activities, 
HBV DNA levels and HDV RNA levels between 

patients with cirrhosis of different score.
Treatment efficacy

In this study the antiviral treatment efficacy 
was monitored mainly with virological markers, 
as well as biochemical and histological markers. 
During the period of investigation (2012-2017) an 
average decline of HBV DNA and HDV RNA was 
observed. Virological responses were evaluated 
every 3-6 months during the course of treatment 
(M3,M6,M9,M12) at the end of therapy and at 6th 
month of post-treatment follow-up period.

Eight patients (34,8 %, 95 % CI: 16,4; 57,3) 
had previously been treated with standard IFN(6 
MU, 3 times a week) for 6 to 12 months (median 
treatment duration 9 months). Summarized infor-
mation about the viral load changes at baseline, 
last-on treatment and post-treatment follow- up 
(median range) can be seen in Table.2.

•	 	Patient treated with IFN 2α (Rofferon) (n=9; 
39,1%, 95% CI: 19,7; 61,5)

•	 	Patients treated with Peg IFN (Pegasys) ( 
n=4; 17,4%, 95% CI: 5,0; 38,8)

•	 	Patients treated with Lamivudine (Zeffix) 
(n=8; 34,8%, 95% CI: 16,4; 57,3)

•	 	Patients treated with Tenofovir (Viread) (n=2; 
8,7%, 95% CI: 1,1; 28,0).
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Discussion
In this research we retrospectively analyzed 

a well-characterized group of 23 patients with dual 
chronic HBV/HDV infection. Serum samples were 
available at baseline, during treatment and as well 
as at least one sample collected over follow-up, 
with a median range of 6 samples/patient.

The purpose was to display whether sensitive, 
quantitative determinations of serum HBV DNA 
and HDV RNA are a sufficient marker for initiation 
of therapy and if so, whether they provide an early 
insight of anticipated response to treatment.

The interpretation of serum HBV DNA lev-
els is not easy because we do not know the cut-off 
value for defining indication for and response to 
treatment. An arbitrary value of 20000 IU/ml (105 
copies/ml) had been chosen. As for the majority of 
viral infections, HDV replication should be evaluat-
ed by the detection and quantification of the viral 
genome in serum, because the serological ap-
proach alone lacks sensitivity (Zachou et al., 2010). 
Levels of HDV RNA in the serum were distributed 
in a relatively wide range as was HBV. It is known 
that host- derived double-stranded-RNA adenosine 
deaminase modifies HDV’s mRNA and changes the 
balance of large HDAg and small HDAg, causing 
a change in the level of HDV RNA, even though 
this mechanism needs further study (Yamashiro 
et al., 2004).As HBV DNA and HDV RNA have 
a fluctuating nature, monitoring changes in serum 
levels of HDV RNA and HBsAg is an essential tool 
(Lok et al., 2001). In our study more than half of 
the patients had high HDV-RNA and low HBV-
DNA levels (56.5%).HDV replication dominated in 
16 patients (69.6%, 95% CI:50.8% - 88.4%), ac-
companied by low HBV viremia. This datum can 
be explained with the fact that HDV proteins p24 
and p27 repress the HBV enhancer by inhibiting 
HBV replication and HDV p27 transactivates the 
interferon alpha-inducible Mx1 gene, also known 
as MxA gene, which also inhibits replication (Wil-
liams et al., 2009; Romeo et al., 2014).

HDV is encapsidated by the HBsAg, which 
is the only known function provided by the help-
er virus. This function, however, is essential for 
HDV assembly and propagation. Therapeutic trials 
showed that the decline of HBsAg titre correspond-
ed to HDV-RNA decrease in patients with response 
to interferon therapy, while stable HBsAg and 
HDV-RNA levels characterized thenon-responders 
to nucleoside analogue treatment (Zachou et al., 
2010). This implies that, in any long term treatment 
trials of chronic hepatitis B and D, following HDV 

RNA and HBsAg serum levels is of paramount im-
portance (Taylor, 2006).

Up to one-third of European patients with 
hepatitis D are co-infected with HCV (Heidrich et 
al., 2009). In this context it is important to note that 
HDV cannot only suppress HBV replication but 
also suppresses HCV replication in patients with 
triple infection (Wedemeyer et al., 2001). Chronic 
HCV infection may even be cleared in patients who 
are superinfected with HBV and HDV. However, it 
is not clear how many of the individuals who are 
anti-HCV antibody positive and HCV RNA neg-
ative have truly recovered from HCV infection 
or whether HCV replication is just suppressed in 
the context of viral co-infection (Wedemeyer and 
Manns, 2010).

Antiviral therapy in patients with chronic 
hepatitis B mono infectioncan delay disease pro-
gression and contribute to resolution of fibrosis 
(WHO 2015; Papachrysos et al., 2015). As a gener-
al concept, cirrhosis occurs within a few years from 
HDV infection in about two thirds of the cases, 
and there is a three-fold higher risk of progression 
to cirrhosis as compared to patients with chronic 
HBV monoinfection only (Romeo et al., 2015). A 
baseline high HBV-DNA level >10 000 copies/ml 
was associated with a significantly increased risk 
of HCC and with progression towards cirrhosis (le 
Gal et al., 2007; Marugan and Garzon, 2009). Spe-
cifically, in this research HBV DNA and HDV RNA 
levels did not differ significantly between patients 
with mild necroinflammatory activity (METAVIR 
score from A1 to A3) and severe fibrosis (META-
VIR score from F2 to F4). We did not find connec-
tion between viral load and histological markers 
and biochemical markers as well.

The treatment of HBV/HDV infection is dif-
ficult. It is indicated if there is a high risk of liv-
er-related mortality and morbidity and a high likeli-
hood of maintained viral suppression after a defined 
course of therapy. This risk is variable during dual 
HBV/HDV infection. Hepatitis D is the only form 
of viral hepatitis for which there is no established 
treatment. The ideal drug would be able to induce 
HDV clearance but also HBV clearance. There are 
different therapeutic strategies (IFN, PEG IFN, nu-
cleotide analogs - NAs) but none of these achieves 
complete HBV eradication and they have limited 
long-term efficacy. In the majority of HBeAg nega-
tive patients, HBV is suppressed but not eradicated 
by treatment, and relapses occur when treatment is 
interrupted (Marugan and Garzon, 2009).

Although virological response (negative se-
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rum HDV RNA or ≥ 2log 10 decrease) with IFN 
therapy might not be sustained, it indicates that 
treatment is effective in decreasing HDV replica-
tion and encourages the patient to continue (Mane-
sis et al., 2007). IFNs are administered for prede-
fined durations and do not select antiviral-mutants.

In all cases, the onetime treatment had been 
interrupted at least one year before signing up in 
this study. PEG IFN is well tolerated and leads to 
virological response, even in the case of previous 
failure of standard IFN therapy. The best responder 
in our cohort was treated with 2 courses of IFN and 
2 courses of Peg IFN afterwards. We marked an ex-
cellent effect with negative HBV DNA and HDV 
RNA subsequently, as well as normal aminotrans-
ferases. Virological and biochemical breakthrough 
was noted one year after the end of therapy. One 
patient was defined with sustained virological re-
sponse (undetectable HDV RNA levels six months 
after treatment). This confirms results from oth-
er research that treatment of HDV infection with 
pegylated interferon results in SVR six months 
post-treatment in one fourth of the patients (Abbas 
et al., 2014). In the follow-up period serum levels 
of HBV DNA and most of HDV RNA viral loads 
returned to baseline values within 3 to 6 months of 
stopping therapy and there were no increases in se-
rum aminotransferases that accompanied this rise 
in viral levels.

Lamivudine led to a marked decrease in se-
rum levels of HBV DNA and was with weaker ef-
fect on HDV RNA levels. NA treatment is costly 
and its long term efficacy has yet to be proven. The 
hardest challenge is the selection of antiviral-resist-
ant mutants, with long-term treatment. Lamivudine 
has the highest rate of resistance, 70% after 4 years 
of treatment in both HBeAg positive and HBeAg 
negative patients (Marugan and Garzon, 2009). All 
patients in our study tolerated the therapy well. One 
patient was defined with mutations (I204, I80) and 
virological breakthrough while treated for one year 
with Lamivudine. In this case Tenofovir was rec-
ommended. Lamivudine led to a rapid and marked 
decrease in serum HBV DNA levels, but had lit-
tle or no effect on HDV-RNA levels. The activity 
of the liver disease and cell injury did not change. 
Three patients (37.5%, 95% CI: 8.5% - 75.5%) 
were treated with a combination of Lamivudine and 
IFN. This combination did not emerge as effective 
and did not increase sustained virological response.

Tenofovir is highly efficient in suppressing 
HDV replication. In our trial all of the patients on 
Tenofovir were virological responders with unde-

tectable HDV RNA at the end of therapy and both 
of them relapsed during post-treatment follow-up. 
The authors observed an average decline in serum 
HDV RNA levels from 1.8x105 to 1.5x105 cop-
ies/ml and four of 23 patients became HDV RNA 
negative ( 17.4%, 95% CI: 1.9% - 32.9%). Thus, 
prolonged treatment with potent HBV polymerase 
inhibitors may lead to beneficial effects in patients 
with HDV (Wedemeyer and Manns, 2010).

In any treatment trial, the best way to follow 
response is to monitor small changes of parame-
ters on which the response depends (Manesis et al., 
2007). According to EASL, there are three criteria 
for beginning HBV/HDV therapy: serum HBV-
DNA and HDV RNA levels, serum aminotrans-
ferase levels, and histological grade and stage. 
Diagnosis of chronic dual HBV/HDV infection is 
challenging and requires deeper knowledge of vi-
ral interactions between these two viruses. Larger 
scale studies are needed to understand the patho-
physiology of HBV and HDV and to develop a nov-
el treatment options for this major health problem.

Conclusions
Viral load information is essential. Quantita-

tive detection of HBV DNA and HDV RNA in se-
rum improves monitoring and their analysis might 
help to adjust the duration of therapy. HDV-RNA 
and HBV-DNA levels showed no direct inverse cor-
relation in the lesser part of the patients, although 
higher HDV levels were accompanied by lower 
HBV viremia. HBV DNA correlates positively with 
HBeAg. Defining of HBsAg serum levels together 
with HDV RNA viral load is of primary importance 
for any long-term treatment trial.

No correlation between HDV RNA levels, 
age and histological necroinflammation and fibro-
sis was established. Quantitative HBV DNA level 
were not correlated with any demographic, clinical, 
serological and histological characteristics of the 
patients. Similarly, HDV RNA levels did not dif-
fer significantly according to any demographic and 
histological characteristics, but correlated with the 
enzyme activities.

Biochemical parameters did not accurate-
ly indicate the stage and grade of liver disease in 
chronic HDV patients as they often fluctuate over 
time.

Among the various biochemical markers only 
γ-GT was independently associated with the pres-
ence of cirrhosis. There is statistically significant 
correlation between HDV RNA levels and γ-GT. 

IFN is efficient in reducing transaminanses 
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(ALT), decreasing HDV RNA levels at some point, 
but inoperative in HDV RNA clearance.

Lamivudine alone is a potent inhibitor of 
HBV DNA replication but does not improve dis-
ease activity or lower HDV RNA levels in patients 
with chronic delta hepatitis.Lamivudine did not 
increase sustained virological response when com-
bined with IFN.

Tenofovir is a means of choice for treatment 
when virological breakthrough during Lamivudine 
therapy occurs.
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Abstract
Mycoplasma hominis and Ureaplasma spp. are frequently found in the genital tract, especially in 

sexually active women, pregnant or not, with a negative impact on health and outcome of pregnancy. 
The retrospective study investigates the prevalence of colonization/infection with genital mycoplasmas in 
women and the antibiotic susceptibility profile of the isolated strains. From August 2011 till July 2017, 931 
endo-cervical samples were analyzed. Mycoplasma IST2 kit (Biomerieux) was used for culture, identifi-
cation, indicative enumeration and antibiotic susceptibility testing. Culture was positive in 38.5% of the 
samples. Ureaplasma predominated, Mycoplasma being detected mostly in association with Ureaplasma, 
seldom alone. Overall, the level of resistance to quinolones was high (77% for ciprofloxacin, 55% for 
ofloxacin), whilst that of resistance to tetracyclines only started to rise. Some Ureaplasma strains showed 
resistance to three classes of antibiotics. For erythromycin, a particular trend was noticed, with a drop of re-
sistance level during the study, but with recent re-emergence of resistant Ureaplasma strains. Pristinamicin 
resistance was not encountered. Tetracyclines are still the antibiotics of choice for these infections. As the 
rising trend of resistance to several classes of antibiotics might become problematic over the next decades, 
antibiotic susceptibility of the strains should be assessed prior to the initiation of treatment. 
Key words. Ureaplasma spp., Mycoplasma hominis, screening, colonization, infection, antibiotic suscep-
tibility.

Резюме
Mycoplasma hominis и Ureaplasma spp., които са често срещани в гениталния тракт, особено при 

сексуално активни жени (бременни или не), оказват отрицателно въздействие върху здравето и изхода 
от бременността. Целта на настоящото ретроспективното проучване е да се установи колонизацията/
инфекцията с генитални микоплазми при жените и профила на антибиотична чувствителност на 
изолираните щамове. От август 2011 г. до юли 2017 г. са анализирани 931 ендоцервикални проби. За 
културане, идентификация, индикативно изброяване и тестване за чувствителност към антибиотици 
се използва Mycoplasma IST2 кит (Biomerieux). Резултатите показват, че културата е установена 
в 38.5% от пробите. Преоблада уреаплазмата, а Mycoplasma се открива предимно в комбинация с 
Ureaplasma и много рядко самостоятелно. Нивото на резистентност към хинолони е високо (77% 
при ципрофлоксацин, 55% при офлоксацин), докато резистентността към тетрациклини едва 
сега започва да се повишава. Някои щамове на Ureaplasma показват резистентност към три класа 
антибиотици. За еритромицин се установява особена тенденция - спад на нивото на резистентност 
по време на проучването, но с последваща повторна поява на резистентни щамове на Ureaplasma. 
Резистентността към прищинамицин не се наблюдава. Тетрациклините са все още предпочитаните 
антибиотици за тези инфекции. Тъй като нарастващата тенденция на резистентност към няколко 
класа антибиотици може да стане проблематична през следващите десетилетия, антибиотичната 
чувствителност на щамовете трябва да бъде оценена преди започване на лечението.

* Corresponding author: e-mail: anascutiu@hotmail.com

Volume 33 / 4 (2017)
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Introduction 
Mycoplasmas represent a group of micro-

organisms commonly found in the genital tract of 
women. Worldwide, detection rate of Ureaplasma 
spp. (UU) in the human genital tract might reach 
60-80% in sexually active women, while coloniza-
tion figures for Mycoplasma hominis (MH) range 
between 20 and 30% (Bayraktar et al., 2010). 
There is still controversy regarding the association 
of genital mycoplasmas with bacterial vaginosis, 
some investigators claiming the existence of a re-
lationship between the two (Keane et al., 2000), 
other investigators being more skeptic (Arya et al., 
2001). Both UU and MH are sexually transmitted 
bacterial pathogens, undoubtedly involved in im-
pairment of reproductive status, although numer-
ous and often contradictory papers concerning their 
real pathogenic potential have been published in 
the last years. These microorganisms, especially 
UU, have been associated with various patholog-
ical conditions and intrauterine infections, includ-
ing pyelonephritis, pelvic inflammatory disease or 
endometritis, leading to important complications, 
like infertility, lower pregnancy rates after in vitro 
fertilization, chorioamnionitis, spontaneous abor-
tion, stillbirth, preterm birth, low birth weight and 
perinatal mortality, postpartum fever (Daxboeck et 
al., 2005, Pararas et al., 2006). MH is involved in 
the aetiology of salpingitis and pelvic inflammatory 
disease, but its occurrence in sexually active popu-
lation is lower than that of UU (Waites et al., 2009).

The fact that mycoplasmas do not have a cell 
wall provides them with a unique pattern of sus-
ceptibility to antimicrobial agents. Antibacterial 
agents like penicillin and cephalosporins do not act 
against these microorganisms, due to lack of target. 
MH strains are naturally resistant to erythromycine. 
Resistance to quinolones or tetracyclines has been 
documented in clinical isolates worldwide, antibi-
otic resistance of individual strains being heteroge-
neous. 

The study is a retrospective one, concerning 
UU and MH colonization and infection and the an-
tibiotic susceptibility of the isolated strains in the 
sexually active female population, symptomatic or 
not, attending a laboratory in Bucharest, Romania.

Material and Methods 
From August 2011 till July 2017, 931 en-

do-cervical samples were analyzed in the Laborato-
ry of Medical Analysis in the Cantacuzino Institute 
in Bucharest, Romania. The samples were collected 
from sexually active women, aged 17-62, who were 

either asymptomatic (presenting to the laboratory 
for screening), or symptomatic, non-pregnant or 
pregnant, residing, in most of the cases, in Bucha-
rest and surroundings. We excluded from the study 
samples belonging to patients who attended in or-
der to check for treatment efficiency after having 
been previously diagnosed and treated. 

Mycoplasma IST2 kit (Biomérieux) was 
used for culture, identification, indicative enumer-
ation and antibiotic susceptibility testing. The test 
can detect the presence of Ureaplasma urealyti-
cum and Ureaplasma parvum (without making a 
distinction between the two) and M. hominis. The 
culture medium used was adapted for the optimal 
growth of mycoplasmas in terms of pH, substrates 
and growth factors, including specific substances 
(urea for UU and arginine for MH) and an indica-
tor (phenol red) that allows in the case of positive 
cultures the display of a color change in the stock, 
related to an increase in pH. The test provides in-
formation about the amount of germs present in the 
sample, consistent with colonization if the bacterial 
count is less than 104 colony forming units (CFU) 
in the specimen, or infection, if equal to or greater 
than this figure. The susceptibility testing was per-
formed for nine antibiotics: macrolides (azithromy-
cin, erythromycin, clarithromycin and josamycin), 
fluoroquinolones (ciprofloxacin and ofloxacin), 
tetracyclines (doxycycline and tetracycline), and 
a streptogramin: pristinamycin. The endo-cervical 
cotton swab was processed as indicated by the man-
ufacturer.

Results and Discussions 
Out of the 931 samples collected, 358 (38.5%) 

were positive either for UU or for MH or for both. 
The prevalence of genital colonization or infection 
due to UU was considerably higher as compared to 
MH. MH was mostly detected as colonizer, while 
indicative enumeration pointed to UU as mostly in-
volved in infection (Fig. 1, 2 and 3).

Regarding antibiotic susceptibility, it is im-
portant to mention that colonization strains showed 
resistance to a lesser extent than strains involved in 
infection. Overall, the highest level of resistance was 
to quinolones (77% for ciprofloxacin, 55% for oflox-
acin). We did not encounter strains resistant to oflox-
acin without showing as well resistance to ciproflox-
acin. Resistance to erythromycin was rather high, 
as well (around 60%) and was not solely relying on 
MH strains, which are naturally resistant to this mac-
rolide. A lot of UU strains were resistant to erythro-
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mycin and had an interesting pattern of evolution: 
we registered erythromycin-resistant UU strains in 
2011-2013, followed by a drop of resistance lev-
el, until recently, in 2017, when resistance to this 
macrolide re-emerged. The fact that we isolated 
many strains with intermediate resistance to azyth-
romycin and clarithromycin might be indicative of 
a rising tendency. The level of resistance to tetra-
cyclines was very low, but started to rise. When 
analyzing samples in which both UU and MH were 
detected, extrapolation of data allows us to pre-
sume that resistance to tetracycline is the apanage 

Fig. 4. Global antibiotic susceptibility profile
TET - tetracycline, DOT - doxycycline, CIP - 
ciprofloxacin, OFL - ofloxacin, ERY - erythromycin, 
AZY - azythromycin, CLA - clarithromycin, JOS - 
josamycin, PRI - pristinamycin

Fig. 1. Distribution of cases

Fig. 2. Ureaplasma spp. – colonization versus 
infection

Fig. 3. M. hominis – colonization versus 
infection

of UU strains. Some UU strains showed multiple 
resistance (quinolones, macrolides, tetracyclines). 
Pristinamicin resistance was not encountered (Fig. 
4, Tables 1 and 2). 

Literature does not abound in studies refer-
ring to the isolation of mycoplasmas and their an-
tibiotic susceptibility profile, this being due to the 
difficulty in culturing those microorganisms and to 
the lack of a standardized method for the interpreta-
tion of the resistance profile. EUCAST regulations 
do not include standards for mycoplasmas. 

The methods available for the diagnosis of 
mycoplasma infections rely mainly on commercial 
kits based on substrates used by these germs, with 
a colour reaction providing the positive result for 
germ growth. Molecular techniques of detection 
are available, but they are still very expensive for 
most of the facilities and for the patients (in Ro-
mania the state health insurance does not cover 
detection of these pathogens). The choice of the 
Mycoplasma IST2 kit did not rely on its popular-
ity; we have previously tested several such com-
mercial kits and the results pointed out that this was 
the most reliable in terms of accuracy, sensitivity 
and specificity (Năşcuţiu, unpublished data). The 
test is easy to perform, yet it requires rigour, atten-
tion and careful interpretation of results. A recent 
Polish study showed that although a negative result 
obtained with the use of the Mycoplasma IST2 kit 
may be considered reliable, the samples positive 
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Table 1. Antibiotic susceptibility profiles of Ureaplasma spp. strains

UU - Ureaplasma spp, MH - Mycoplasma hominis 
S - sensitive, I - intermediate, R – resistant
DOT - doxycycline, TET - tetracycline, CIP - ciprofloxacin, OFL - ofloxacin, ERY - erythromycin, AZY - 
azythromycin, CLA - clarithromycin, JOS - josamycin, PRI - pristinamycin
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for MH should be confirmed by another method, 
e.g. cultures on PPLO media (“golden standard”) 
or PCR (Biernat-Sudolska et al., 2013). We have 
been confronted with several such circumstanc-
es when the test was positive, especially when the 
culture of the sample on blood-agar or selective 
media for Gram-negative germs proved growth of 
the latter. This can be explained by the fact that, 
despite the manufacturer’s use of factors that selec-
tively inhibit growth of fungi, Gram-positive and, 
especially, Gram-negative bacteria, their presence 
cannot be completely eliminated. Bacteria that pro-
duce urease, or that are capable of arginine degra-
dation, if present in the sample, might be a cause 
of false-positive results. In this case, when lacking 
detection alternative, a thorough analysis of the an-
tibiotic susceptibility profile might be of help. A 
Greek study suggested that false positive results for 
MH are to be suspected when UU also tests posi-
tive, with titers above 104 CFU in the specimen, and 
global resistance to macrolides is intermediate (Ke-
chagia et al., 2008). Our observations are consistent 
with this study.

With respect to antibiotic resistance profiling 
of the strains, if these commercial tests are excel-
lent for clinical purposes, difficulties in interpreting 
antibiotic susceptibility results can arise when con-
fronted with UU and MH co-carriage, carriage-in-
fection or co-infection. In these cases the test can-
not provide separate accurate information regard-
ing the susceptibility of each strain involved, only 
an approximate extrapolation being made. 

Studies performed so far have shown diversi-
ty of antibiotic susceptibility patterns according to 
the geographical area. Nevertheless, a geographical 
pattern cannot be always proved. We believe that in 
the distinct resistance profiles from different parts 
of the world, geography is not as much involved 
as are the local antibiotic use regulations. Sustain-
ing our assertion is for instance a very recent study 
(Skiljevic et al., 2016) from a neighbouring coun-
try - Serbia - which showed that among MH strains 
the drug resistance rate was 100% to erythromycin, 
tetracycline, clarithromycin and UU strains were 
highly resistant to clarithromycin (94.6%), tetracy-
cline (86.5%), ciprofloxacin (83.8%) and erythro-
mycin (83.8%). Our studies were more optimistic 
with respect to MH resistance to clarithromycin, 
whereas tetracycline resistance was exceptional. 
Erythromycin resistance in UU strains did not ex-
ceed 50% in our study. 

Mycoplasmas are normally susceptible to an-
tibiotics that inhibit protein synthesis. MH is intrin-

sically resistant to erythromycin, which was a char-
acteristic we confirmed by our results. We found 
in our studies UU strains simultaneously resistant 
to several classes of antibiotics, which might sup-
port the assertion of our Hungarian colleagues that 
“ex juvantibus therapies may select cross-resistant 
strains” (Farkas et al., 2011). Similar figures as ours 
for the resistance of UU to erythromycin were re-
ported in Egypt - 55% (Safaa et al., 2016); mean-
while, a South African study reported a discourag-
ing 89% resistance (Redelinghuis et al., 2014). The 
recently rising trend of clarythromycin resistance 
of the UU strains might be explained by the fact 
that it has been increasingly used as a treatment 
tool as it has been demonstrated that it is the best 
medication for treating infections with biofilm-pro-
ducing U. urealyticum strains, due to its capacity to 
penetrate the biofilm and/or to inhibit its formation.

With respect to UU resistance to tetracycline, 
different susceptibility rates have been encountered 
in various locations and in different types of popu-
lations studied. In Germany, 20 years ago, a study 
reported that all UU strains were susceptible to 
doxycycline (Ullmann et al., 1999), while another 
study (Abale-Horn et al., 1997) detected a substan-
tial resistance to doxycycline (up to 55%) as well as 
to the older fluoroquinolones (42% for ciprofloxa-
cin and 61% for ofloxacin), with all isolates being 
susceptible to erythromycin and clarithromycin. 
Consistent with the latter, a recent South African 
study detected tetracycline resistance in 73% of UU 
strains (Redelinghuys et al., 2014). On the other 
hand, high UU susceptibility rates to doxycycline 
and tetracycline were documented in Croatia (Mare-
kovic et al., 2007), Hungary (Ponyai et al., 2013), 
Greece (Kechagia et al., 2008), Germany (Krausse 
et al., 2010), Italy (Leli et al., 2012), Turkey (Aydin 
et al., 2005; Bayraktar et al., 2010), Israel (Samra 
et al., 2011), Chile (Martinez et al., 2001) and Ko-
rea (Koh et al., 2009). A German 20-year survey 
pointed out that MH strains are more likely to be 
resistant to tetracyclines than UU strains (Krausse 
et al., 2010). Our study’s results disagree with these 
findings. Studies have been as well performed 
with respect to the possible effect of the tetracy-
cline-susceptibility status of ureaplasmas on their 
susceptibility to macrolides and fluoroquinolones. 
The comparable activity of newer fluoroquinolones 
(grepafloxacin, trovafloxacin) against ureaplasmas 
regardless of their resistance status to tetracyclines 
has also been documented (Duffy et al., 2000). 

There seems to be a predominant pattern with 
much higher resistance rates to macrolides and flu-
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oroquinolones than to tetracyclines, as shown by a 
Chinese study performed between 1999 and 2004: 
up to 88.8% resistance to ciprofloxacin, against 
only 9.8% resistance to tetracycline and 4.4% to 
doxycycline, respectively, results being motivat-
ed by the widespread use of fluoroquinolones and 
rare use of tetracyclines in China (Xie et al., 2006). 
High resistance rates to fluoroquinolones and eryth-
romycin were also reported from Turkey: ciproflox-
acin 40.5%, ofloxacin 58.4%, erythromycin 54.0%, 
while resistance to tetracycline was 13.5% and to 
doxycycline 1.6% (Karabay et al., 2006). High 
rates of fluoroquinolone resistance have also been 
described in Mexico (Fagundo-Sierra et al., 2006). 
In Italy, 66.4% of UU isolates were resistant to cip-
rofloxacin, whereas 27.6% were resistant to oflox-
acin (Leli et al., 2012), consistent with our results, 
at least for ciprofloxacin resistance. Yet, in the same 
Italian strains, no resistance was found to azithro-
mycin, or erythromycine, while 66.7% of the MH 
strains were resistant to azythromycin, but none to 
ciprofloxacin, ofloxacin, doxycycline, josamycin or 
pristinamycin. Surprisingly, a very recent Egyptian 
study (Safaa et al., 2016) found sensitivity rates of 
90–95% for the UU strains tested against quinolo-
nes.

Published data available so far from Romania 
(from Iaşi, the Northern part of the country) show 
that MH is more likely to be resistant than UU to 
ciprofloxacin (75% and 53.76%, respectively), the 
resistance rate being however very high for both 
species compared with similar studies (Mareş et al., 
2011). Our study could not support this assertion, 
the great majority of MH strains being still suscep-
tible to ciprofloxacin. 

Resistance to “old” fluoroquinolones seems to 
be high in many studies performed worldwide. An 
explanation for UU resistance to cipro- and ofloxa-
cin might be offered by the overuse of these antibi-
otics for the treatment of various infections (mainly 
urinary and respiratory tract infections), due to their 
reduced price and low percentage of side reactions. 
Studies performed using other diagnostic means 
have shown that moxifloxacin appears as one of the 
most active antimicrobial agent against U. urealyt-
icum including tetracycline-resistant strains, being 
nowadays in some countries the drug of choice for 
the treatment of Mycoplasma non-gonococcal non-
chlamydial urethritis. Eventually, in the near fu-
ture, the manufacturer of the Mycoplasma IST2 kit 
would consider changing ciprofloxacin with mox-
ifloxacin (or adding the latter) in the design of the 
Mycoplasma IST2 kit. 

Some mycoplasmas may develop resistance 
via gene mutation, acquisition of a resistance gene, 
or while being protected by biofilms (Garcia-Cas-
tillo et al., 2008). Multidrug-resistant mycoplasma 
strains have recently been identified, Chinese re-
searchers having studied strains resistant to up to 
14 antibiotics belonging to several classes (Wang 
et al., 2016). In our study only few of the isolated 
strains were found resistant to a maximum of three 
classes of antibiotics (macrolides, quinolones and 
tetracyclines). Nevertheless, the emergence of ex-
tensively drug-resistant strains points towards the 
increasing importance of appropriate antibiotic sus-
ceptibility testing both in scientific research and in 
the clinical settings, as already stated two decades 
ago (Dosa et al., 1999).

Conclusions 
Differences between studies performed in 

closely situated geographical settings confirm that 
the continuously changing antibiotic resistance of 
these germs should be followed at least in a few 
centers in every country, so as to determine the best 
local therapy options for patients with non-gono-
coccal sexually transmitted infections. 

The prevalence of colonization / infection 
with genital mycoplasmas in our study and the 
rising trend of resistance to several classes of an-
tibiotics might become problematic over the next 
decades. Therefore, antibiotic susceptibility of the 
strains should be assessed prior to treatment initi-
ation. 

Although in Romania doxycycline is the 
most commonly used antibiotic in the treatment 
of non-gonococcal genital infections, it continues 
to be, in the population studied, the most effec-
tive agent against mycoplasmas. Our results indi-
cate that tetracycline as well might be an option of 
choice when empirical therapy is required. Out of 
the list of antibiotics tested for effectiveness against 
mycoplasmas by the Mycoplasma IST2 kit, pris-
tinamycin remains an excellent option for selected 
cases of infection with resistant strains, but unfor-
tunately it is not yet available in Romanian pharma-
cies, this providing, perhaps, an explanation for the 
fact that all the mycoplasmas isolated so far by us 
have been susceptible to this antibiotic. 
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ACTA MICROBIOLOGICA BULGARICA

A Case of Streptococcus pneumoniae Urinary Isolate
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Abstract
Streptococcus pneumoniae is not a common agent of urinary tract infection. Here we report a case of 

S. pneumoniae urinary isolate, which we thought might be important due to the urine analysis result, pure 
growth, and underlying diseases of patient.
Key words: urinary tract, Streptococcus pneumoniae, infection

Резюме
Streptococcus pneumoniae не е често срещан агент за инфекция на пикочните пътища. Насто-

ящият доклад съобщава за случай на уринарен изолат на S. pneumoniae с потенциално значение, 
базирайки се на резултатите от анализа на урина, чистия растеж и на основните заболявания на 
пациента.

Introduction
Streptococcus pneumoniae leads to a wide 

spectrum of infections ranging from acute otitis 
media and pneumonia to severe invasive diseases, 
such as septicemia and meningitis. It is not a com-
mon agent of urinary tract infection (Kadioglu et 
al., 2008; Kline and Lewis, 2016; Balsells et al., 
2017). 

Here we present a case of S. pneumoniae 
urinary isolate at the Medical Microbiology Lab-
oratory of University of Health Sciences, Dışkapı 
Yıldırım Beyazıt Training and Research Hospital. 
Although several documented cases of urinary tract 
infections due to S. pneumoniae are present in the 
literature, to the best of our knowledge, this is the 
second case report of urinary S. pneumoniae isolate 
in our country (Safak et al., 2014).

Case presentation
Patient KA, male, a 17 year-old refugee from 

Afghanistan, applied to the nephrology outpatient 
clinic with abnormal impairment of renal func-
tions. His medical records were checked from the 
Hospital Information System, and relevant clinical 
details including laboratory parameters were noted. 
Unfortunately, due to missing records, a complete 
history of the patient could not be obtained. There 
are several outpatient applications of the patient to 
our hospital, including plastic surgery, neurosur-

gery and nephrology clinics. The patient was op-
erated for meningomyelocele (operation date and 
place are unknown) and had chronic renal disease 
for seven years. He also has upper and lower limb 
spasticity, neurogenic bladder and does clean inter-
mittent self-catheterisation due to urinary incon-
tinence. At patient’s admission to the nephrology 
outpatient clinic, routine biochemistry, urine anal-
ysis and microscopy, blood gas and urine culture 
were tested.

Results from laboratory tests of the patient 
revealed blood sugar of 100 mg/dL, abnormal renal 
function tests; with a creatinine level of 2.84 mg/dL 
(normal level, 0.84-1.25 mg/dL) and a blood urea 
nitrogen level of 105 mg/dL (normal level, 17-43 
mg/dL). Venous blood gases showed acidosis (pH 
7.27; pCO2, 46.8 mmHg; pO2, 20.8 mmHg).

His urine analysis revealed cloudy urine with 
increased leucocyte esterase and hemoglobin. Urine 
microscopy revealed 15/HPF erythrocytes, 120/
HPF leucocytes with several clusters, and scattered 
bacteria, with kidney epithelium 6/HPF. Urine sam-
ple of 0.001 mL was inoculated on 5 % sheep blood 
agar (SBA) and Eosin Methylene Blue (EMB) 
agar (Becton Dickinson, USA). After 18-24 hours 
of incubation at 5% CO2 incubator, a pure growth 
of 100.000 cfu/mL faint alpha-hemolytic mucoid 
colonies were seen on sheep blood agar. The col-
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onies were confirmed as S. pneumoniae based on 
colony morphology, Gram stain, alpha haemolysis, 
bile solubility and optochin susceptibility. The bio-
chemical profiles generated by Phoenix 100 auto-
mated system (Becton Dickinson, USA) identified 
the isolate, also, as S. pneumoniae. Penicillin sus-
ceptibility was tested with oxacillin disc screen test, 
and interpreted according to European Committee 
on Antimicrobial Susceptibility Testing (EUCAST) 
criteria. The isolate was detected as susceptible to 
penicillin. Antimicrobial susceptibilities of vanco-
mycin, co-trimoxazole, erythromycin, clindamy-
cin, levofloxacin were detected also as susceptible 
by Phoenix 100. Acute phase reactants like sedi-
mentation and CRP were not tested. No history of 
his medications was learned. Patient’s blood and 
nasopharyngeal cultures were not performed.

Discussion
Urinary tract, due to urine flow, regular blad-

der emptying, and low pH, has its own clearance 
mechanisms, which are not convenient for growth 
of S. pneumonia. All the cases reported in the litera-
ture had a renal or urogenital structural or other ab-
normality as an accompanying factor. When isolat-
ed from urine, many of the authors had the tendency 
to accept S. pneumoniae as a periurethral contami-
nant (Krishna et al., 2012; Choi et al., 2013). Here 
in this case, although not fully proven as an agent of 
urinary tract infection, the growth of S. pneumoni-
ae was considered as important, because of purity, 
colony count and confluence of growth. Although 
multidrug resistant S. pneumoniae are increasing, it 
is pleasing that we did not detect resistance in this 
isolate.

A literature search revealed only several S. 
pneumoniae urinary tract infection cases. In a re-
search paper published in 2011 Burckhardt and 
Zimmermann reported three cases of S. pneumoni-
ae, considered as agent of UTI in three children with 
UTI abnormalities, and a high number of growths 
with varying clinical symptoms. Choi et al. (2013) 
reported three cases of urinary tract infection due to 
S. pneumoniae, all three cases had underlying uri-
nary tract abnormalities.

A case from Greece was reported from a 4 
year-old child, which was considered to be perine-
al contamination, and taken into consideration be-
cause of symptoms (Meletis et al., 2013). In their 
extensive study with 53,499 urine cultures, Mill-
er and colleagues detected pneumococcusuria in 
0.08% of the specimens. In 17.8% of these patients 
S. pneumoniae was isolated as pure culture, the 
others were considered as perineal contamination 
(Miller et al., 1989). Krishna et al. (2012) presented 

six cases of pneumoccusuria (from 18 months to 69 
years of age) during a time period from May 2008 
to May 2010. All patients at their presentation had 
a co-existing predisposing factor with the isolation 
of S. pneumoniae in urine. Noble, 1985 presented 
a mild case of urethritis and urethral colonization 
of S. pneumoniae five days after orogenital sexual 
contact. As S. pneumoniae is not one of the resi-
dents of urethral flora, his partner’s oral flora was 
suspected because of his history. In a retrospective 
study in 1988, S. pneumoniae was detected in 31 
urine specimens, of these 11 were mixed with other 
bacteria, only two had more than 105 cfu/ml growth 
(Mark et al., 2016).

Here in this case, although there are many 
missing points in the history of the patient, underly-
ing disorders were easily understood from medical 
records and S. pneumoniae is thought to cause UTI 
through multiple factors of the host immune system 
and bacterial virulence.
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Blastocystis sp. DNA in Stool Samples from Patients 
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Abstract
In molecular diagnosis, the detection of protozoa in fecal samples is hampered by poor recovery of 

DNA and the presence of PCR inhibitors. In this regard, a reliable extraction of DNA is a key step in the 
molecular diagnosis of parasitic infections. Currently, there are many commercially available kits for isola-
tion of DNA from feces. Each of these includes a method for removing PCR inhibitors from samples. The 
purpose of the study  was to determine a suitable kit for isolating Blastocystis sp. DNA from fecal samples 
and then  use it in PCR to detect Blastocystis sp. in the samples.  

Three commercially available kits were used to isolate the DNA of Blastocystis sp. using human feces 
samples. The study included stool samples of patients referred for routine laboratory testing  for parasites. 
The samples in which Blastocystis sp. was detected by microscopic examination (a native lugol preparation 
and staining with trichrome) and cultivation in Jones’ medium containing 10% horse serum were utilized. 
QIAamp DNA Stool Mini kit (Qiagen, Germany), ZR Fecal DNA kit (Zymo Research, USA) and ExgeneTM 
Stool DNA mini (GeneAll, Korea) were used for the extraction of Blastocystis DNA. The quality and purity 
of total genomic DNA was measured with a spectrophotometer. Specific primers were employed for the 
amplification of Blastocystis sp. DNA.

In this study, it was observed that ExgeneTM Stool DNA mini could not detect Blastocystis sp. DNA 
in gel electrophoresis, while the QIAamp DNA Stool Mini kit and ZR Fecal DNA kit outperformed for 
isolation of DNA.
Key words: Blastocystis sp., stool, DNA extraction, PCR

Резюме
При молекулярната диагностика на протозои във фекалните проби се наблюдават затруднения 

при получаването на ДНК продукт поради присъствието на инхибитори на PCR реакцията. В тази 
връзка, подходящата екстракция на ДНК е ключова стъпка при диагностициране на паразитни 
инфекции. Понастоящем има много налични търговски китове, които изолират ДНК от изпражнени-
ята. Всеки от тях включва метод за отстраняване на PCR инхибиторите от пробите.

Целта на изследването е да се определи подходящ кит за изолиране на ДНК от Blastocystis sp. 
от фекални проби и след това да се използва в PCR риакция за откриване на паразита в пробите от 
това проучване.

Използвани са три търговски кита за изолиране на ДНК от Blastocystis sp. от човешки фекалии. 
Проучването включва проби от изпражнения на пациенти, изпратени за рутинно лабораторно изслед-
ване на паразити. Blastocystis sp. е установен чрез микроскопски анализ (натурален лигол препарат и 
оцветяване с трихром) и култивиране в среда на Jones, съдържаща 10% конски серум. За екстракция 
на ДНК от Blastocystis sp. са използвани следните китове: Qiaamp DNA Stool Mini kit (Qiagen, Герма-
ния), ZR фекален ДНК комплект (Zymo Research, USA) и ExgeneTM Stool DNA мини кит (GeneAll, 
корейски). Качеството и чистотата на общата геномна ДНК се измерва със спектрофотометър. За 
амплификация са използвани специфични праймери.

Получените резултати показват, че при работа с ExgeneTM Stool DNA mini кит в гел 
електрофорезата не се установява ДНК от Blastocystis sp. QIAamp DNA Stool Mini кит и ZR фекален 
ДНК кит се оказват много подходящи за изолиране на ДНК.

*Corresponding author: fakhriddin.sarjanov@gmail.com

Volume 33 / 4 (2017)



179

Introduction
Blastocystis sp. is the most common proto-

zoan in the gastrointestinal system at present. The 
analysis of fecal Deoxyribonucleic acid (DNA) 
by nucleic acid methods, in particular, has led to 
significant advances in the diagnosis and research 
of Blastocystis sp. over the past few years, which 
allowed the precise identification of carriers and 
molecular characteristics with high discrimination 
ability. However, fecal matter is problematic for 
molecular analysis due to the presence of organic 
substances. In addition, the presence of PCR inhib-
itors can cause additional problems for DNA ex-
traction, quantification and amplification. 

At present, there are many commercial-
ly available kits for isolation of DNA from feces. 
Although the efficacy of these kits has been tested 
on different materials, the effectiveness and ability 
of various commercial kits to extract high-quality 
DNA from stool specimens has yet to be investi-
gated.

The aim of this study was to compare the ef-
fectiveness of commercial DNA extraction kits in 
extracting clean, high-quality Blastocystis sp. DNA 
from stool samples. In this study, three commercial 
kits were tested for direct elution of DNA from the 
same samples containing Blastocystis sp. positive 
feces, and then the detectability of the eluted DNA 
was compared by spectrophotometry and PCR.

Material and Methods
This study was conducted with the approval 

of the Committee for the Ethics of Clinical Studies 
at Gazi University (14.03.2016-135).

Three commercially available kits were used 
for the isolation of the DNA of Blastocystis sp. us-
ing human stool samples. The study included the 
stool samples of patients  referred for routine lab-
oratory testing for parasites. The samples detected 
positive for Blastocystis sp. by microscopic ex-
amination (a native lugol preparation and staining 
with trichrome) and  cultivation in Jones’ medium 
containing 10% horse serum, were collected. All 

positive samples were frozen at -20°С until DNA 
extraction (Yoshikawa et al. 2011).

Five samples out of them were selected ran-
domly for DNA isolation through the aforemen-
tioned kits (Table 1) according to the manufactu-
rer’s protocol. After the extraction, the final DNA 
yield was quantified using a Nanodrop 1000 spec-
trophotometer (Thermo Scientific), and the purity 
of the DNA was determined by the value of OD260/
OD280.

The samples were verified for the presence of 
Blastocystis sp. using PCR amplification of Blasto-
cystis-specific SSU rRNA using the primers RD5 
(5’-TCTGGTTGATCCTGCCAGT-3’) and BhRDr 
(5’-GAGCTTTTTAACTGCAACAACG-3’) as 
recommended previously (Stensvold 2013).

A total of 5 µL of each DNA was run on 2% 
agarose gel with a 50 bp DNA ladder (BioMatik). 
The gel was stained with ethidium bromide and 
photographed using the Gene-Snap gel documenta-
tion system (Syngene).

Results
The DNA yields, as determined by UV ab-

sorbance, were consistently low for the ExgeneTM 
Stool DNA mini kit but were consistently high for 
the ZR Fecal DNA and QIAamp DNA Stool Mini 
kits, which provided significantly higher DNA 
yields for all stools (Fig. 1).

One of the most important requirement for 
all of the kits was the ability to obtain high-quality 
DNA free of contaminants, which allows success-
ful amplification of the extracted DNA. The level 
of contamination can be determined by examining 
absorbance ratios since DNA has an absorption 
peak at 260 nm. DNA purity for contamination 
with residual proteins can be assessed using a ratio 
of A260/A280, where ratios lower than 1.7 reflects 
protein contamination and ratios greater than 1.7 
reflect pure DNA. All of the three kits were roughly 
equivalent with respect to A260/A280 ratios (Fig. 
2).

Name of kit Company Country PCR-positive rate (%)
QIAamp DNA Stool Mini kit Qiagen Germany 4/5 (80 %)
ZR Fecal DNA kit Zymo Research USA 5/5 (100 %)
ExgeneTM Stool DNA mini GeneAll Korean 0/5 (0 %)

Table 1. DNA extraction kits used in this study and results of PCR amplification .
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Fig. 1. DNA yields of five stool samples obtained by three commercial DNA extraction kits.

Fig. 2. Efficiency of commercial kits in removing residual proteins using an absorbance ratio of A260/A280 
(ratios <1.7 reflect protein contamination, >1.7 pure DNA).

Fig. 3. Agarose gel showing PCR amplification of the same stool sample extracted using three different 
commercial DNA isolation kits.
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A preliminary test was performed to confirm 
the utilization of the three commercially available 
kits for the isolation of Blastocystis sp. DNA from 
fresh fecal samples. The DNA extracted by the two 
kits purchased from Qiagen and Zymo Research 
were positive by PCR for partial amplification of 
the small subunit rRNA gene, while another kit 
(GeneAll) was negative by PCR amplification in 
gel electrophoresis, but in the QIAamp DNA Stool 
Mini kit, one of the five samples was negative, 
whereas the ZR Fecal DNA kit gave 100% positiv-
ity for all samples (Fig. 3).

The ZR Fecal DNA kit provided the highest 
quality DNA based on successful amplification of 
Blastocystis sp. DNA for all of the five stools. The 
QIAamp DNA Stool Mini kit extracted high-qual-
ity DNA, as demonstrated through successful am-
plifications of all five stools; however, the amplifi-
cation of one of the samples in gel electrophoresis 
was negative (Table 2) (Mahmoudi et al., 2011). 
The DNA extracted from the ExgeneTM Stool DNA 
mini kit was unreliable for PCR and led to some 
unsuccessful PCR reactions depending on the stool.

Conclusions
In conclusion, the results clearly demonstrate 

that commercial DNA extraction kits QIAamp 
DNA Stool Mini and ZR Fecal DNA can be used 
for the isolation of DNA Blastocystis sp. It was also 
detected that the ZR Fecal DNA kit was the most 
effective and reliable kit for the isolation of DNA 
Blastocystis sp. since it provided the highest quality 
DNA that was consistently amplifiable.
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Abstract
Tomato plants of all ages are susceptible to Clavibacter michiganensis subsp. michiganensis, Xan-

thomonas sp. and Pseudomonas syringae pv. tomato. Control is based mainly on copper-containing chem-
icalsand is often unsatisfactory. The object of this study was to test the effect of extracts from different, 
common for Bulgaria, medicinal and weed plants against referent strainsin vitro.

Fresh plant aerial parts were oven-dried or freezed before extraction. Methanol and n-hexane were 
used as solvents. Extractions were prepared in Soxhlet extractor at 80°С/4h. Methanol and hexane were 
recovered in a vacuum evaporator. The fractions were diluted in water (%, w/v) with dimethylsulfoxide as 
dilution agent for some extracts. The in vitro test was completed by the agar diffusion method in triplicate 
with 50µl of each substance. The antimicrobial activity was assessed by measuring the diameter of the 
inhibition zone. A total of 25 plants and 47 methanol and n-hexane extracts were tested against the patho-
genic bacteria of tomato. Extracts from seven plants have potential to be used against C. michiganensis 
subsp. michiganensis. Methanol extract from C. majus has the biggest potential for control of Xanthomo-
nas of tomato and also has some effect against C. michiganensis subsp. michiganensis. H. spectabile has 
the potential to control all four bacteria but higher concentrations need to be tested. Methanol extract from 
Chaenomeles sp. has a good potential for control of all pathogens in concentrations of 5%.
Key words: plant extracts, tomato, antibacterial activity, Clavibacter michiganensis, Xanthomonas, Pseu-
domonas syringae pv. tomato

Резюме
Доматените растения са чувствителни към патогените от род Xanthomonas, Clavibacter 

michiganensis subsp. michiganensis и Pseudomonas syringae pv. tomato във всички фази от своето 
развитие. Контролът се основава главно на мед-съдържащи препарати и често е незадоволителен. 
Целта на настоящето изследване е да се тестват екстракти от различни, нативни за България, 
медицински и плевелни видове растения срещу референтни щамове на патогените in vitro.

Свежите растителни части са изсушени или замразени преди екстракция. Екстракциите 
са извършени в екстрактор на Soxhlet при 80°С за 4h с метанол или n-хексан. Екстрактите са 
концентрирани във вакуум изпарител. Фракциите са тествани като водни разтвори (%, w/v) с 
диметилсулфоксид като агент за някои от тях, в количества по 50 µl по метода дифузия в агар, три-
кратно. Антибактериалната активност е оценена чрез измерване на диаметъра на инхибиторните 
зони. Проучен е антимикробният ефект на общо 47 метанолови и n-хексановиекстракта от 25 
растения срещу патогените по домати. Екстрактите от седем растителни вида имат потенциал да 
бъдат използвани за контрол на C. michiganensis subsp. michiganensis. Метаноловият екстракт от 
C. majus се отличава с най-голям потенциал за контрол на бактерии от род Xanthomonas по домати 
като показва ефект и срещу C. michiganensis subsp. michiganensis. H. spectabile притежава активност 
срещу всички тествани патогени, но е нужно тестването на екстракта в по-високи концентрации за 
постигане на по-добри резултати. Метаноловият екстракт от Chaenomeles sp. е с добър потенциал за 
контрол на патогените в концентрация 5%.

* Corresponding author: mistoyanova@abv.bg
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Introduction
Bacterial diseases of tomato caused by 

Clavibacter michiganensis subsp. michiganensis, 
Xanthomonas vesicatoria, Xanthomonas gardneri, 
and Pseudomonas syringae pv. tomato have become 
a significant factor in tomato production all over the 
world, causing great crop losses in greenhouses and 
fields every year. Tomato plants of all ages are sus-
ceptible to bacterial canker, bacterial spot, and bac-
terial speck. The pathogens can be present in low 
levels on asymptomatic plants, multiplying rapidly 
in favorable weather conditions.  

Control of bacterial diseases of tomato is 
difficult and with unsatisfactory effect. Measures 
include mainly the use of pathogen-free planting 
material, cultural practices, and general sanitation 
measures (Gleason et al., 1993; Obradovic et al., 
2004). Copper-based chemicals are extensively 
used. However, they only reduce epiphytic pop-
ulations of C. michiganensis subsp. michiganen-
sis (Gleason et al., 1993) and recent studies have 
shown that most of the Bulgarian Xanthomonas 
strains are resistant to copper in a concentration of 
0.1% and only a small percent are strongly sensi-
tive to copper in a concentration of 0.2% (Kizheva 
et al., 2013).

Yearly crop losses and the limitations of 
known measures for control require elaboration of 
alternative techniques, especially for use in organic 
farming. The use of natural products derived from 
plants does not affect the environment and provides 
an economical and efficient alternative for disease 
control. Effects of plant extracts and essential oils 
against pathogens have been extensively studied 
recently. Plant species can be rich in secondary me-
tabolites some of which exhibit antimicrobial prop-
erties against various microorganisms, insects, and 
herbivores. Nevertheless, only a small percent of 
the plant species on the earth have been investigated 
(Cowan, 1999; Stangarlin et al., 1999; Schwan-Es-
trada and Stangarlin, 2005).

Some essential oils provide promising re-
sults in vitro. Oils from cinnamon, basil, fenchel, 
thyme, oregano, dictamnus, and marjoram were ef-
fective against C. michiganensis subsp. michigan-
ensis (Daferera et al., 2003; Tanovic et al., 2007; 
Tobias et al., 2007) and essential oil of Origanum 
minutiflorum - against X. vesicatoria (Altundag and 
Aslim, 2011), but oils often greatly decrease ger-
mination ability (Tobias et al., 2007). Indian clove 
essential oil is not toxic but it provides only 53.0% 
control of X. vesicatoria (Lucas et al., 2012). Plant 
extracts provide a more promising field of research 

but they are still weakly investigated. Extracts 
from Rauvolfia tetraphylla and Physalis minima 
were effective against X. vesicatoria (Shariff et al., 
2006) and Carya illinoensis in Mexico was effec-
tive against C. michiganensis subsp. michiganensis 
(Castillo et al., 2011). Some extracts from Moroc-
can plants possessed activity against P. syringae pv. 
tomato (Elkhalfi et al., 2013). Crude extracts from 
Allium sativum and Ficus carica fruits showed an-
tibacterial effects against X. vesicatoria, P. syringae 
pv. tomato and C. michiganensis subsp. michigan-
ensis, but the extracts were non-durable (Balestra 
et al., 2009).

The object of this study was to test the effect 
of different extracts from plants growing on the ter-
ritory of Bulgaria against phytopathogenic bacteria 
of tomato.

Material and Methods
Plant material 

Fresh plant aerial parts were collected from 
24 plant species from the region of Sofiysko pole 
(Sofia Valley), Bulgaria (Table 1). Fruits from 
Chaenomeles sp. were collected from the fields 
of the Research Institute of Mountain Stockbreed-
ing and Agriculture, Troyan. Plant materials were 
oven-dried (22-60°С) to absolute dry weightor 
freezed at -10°С before extraction.
Bacterial strains

Test bacteria were strains from the collection 
of Prof. DSci N. Bogatzevska, ISSAPP ”N. 
Pushkarov” originating from tomatoes from 
Bulgaria: C. michiganensis subsp. michiganensis, 
P. syringae pv. tomato, X. vesicatoria, and X. 
gardneri.
Extractions

Two solvents with different polarity were 
used: methanol and n-hexane. Extractions were 
prepared in Soxhlet extractor at 80°С for 4 hours. 
Methanol was recovered at 55°С, 300 mbar. The 
firstfraction (clear liquid) was collected at 70°С, 
72 mbar. A second, colored fraction (for ACHMI, 
CHQMA, POROL, and SALHI) and a third, colored 
fraction were obtained in the vacuum flask based on 
their solubility in distilled water and 96% ethanol. 
N-hexane was recovered at 40°С, 325 mbar until 
a single solid fraction was obtained. The n-hexane 
extracts and fractions from methanol extracts were 
stored at 16°С in air-tight brown bottles.

The fractions were diluted in water (%, v/v, 
w/v) 18 h before the assay. Dimethylsulfoxide 
(DMSO) was used as a  diluting agent for the 
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Plant name Family Bayer 
Code

Common name Solvents

Achillea clypeolata 
Smith

Asteraceae ACHCP yellow yarrow methanol
n-hexane

Achillea millefolium L. Asteraceae ACHMI common yarrow, milfoil, 
thousand-leaf

methanol
n-hexane

Ambrosia atemisiifolia L. Asteraceae AMBEL annual/common ragweed, 
hogweed

methanol
n-hexane

Artemisia absinthium L. Asteraceae ARTAB absinthium, wormwood methanol
n-hexane

Chaenomeles sp. Rosaceae 1CNMG Japanese quince methanol

Chelidonium majus L. Papaveraceae CHQMA greater celandine, tetterwort, 
nipplewort

methanol
n-hexane

Clematis vitalba L. Ranunculaceae CLVVT old man‘s beard methanol
n-hexane

Conium maculatum L. Apiaceae COIMA devil‘s bread/porridge, poison 
hemlock/parsley, spotted 
corobane/hemlock

methanol
n-hexane

Consolida regalis Gray, 
1821

Ranunculaceae CNSRE Branching/field/ forking 
larkspur

methanol

Datura stramonium L. Solanaceae DATSL Jimson weed, datura, 
purple thorn apple

methanol
n-hexane

Echium vulgare L. Boraginaceae EHIVU viper‘s bugloss, blue thistle, 
blueweed

methanol
n-hexane

Equisetum arvense L. Equisetaceae EQUAR common/field horsetail, 
marestails, toad pipe

methanol
n-hexane

Forsithia viridissima 
Lindley

Oleaceae FOSVI chinese gold bell, green-stem 
forsythia

methanol
n-hexane

Hedera helix L. Araliaceae HEEHE common ivy methanol
n-hexane

Hylotelephium spectabile 
(Boreau) Ohba

Crassulaceae SEDSL showy/butterfly stonecrop, 
ice plant

methanol

Hypericum perforatum L. Hypericaceae HYPPE St John‘s wort, goatweed methanol
n-hexane

Iva xanthifolia (Nutt.) Asteracea IVAXA burweed marsh elder, false 
ragweed, giant sumpweed

methanol
n-hexane

Melilotus albus Medicus Fabaceae MEUAL honey/white sweet-clover methanol
n-hexane

Melilotus officinalis (L.) 
Pall.

Fabaceae MEUOF yellow/ribbed/common 
melilot, yellow sweetclover

methanol
n-hexane

Table 1. Plant species tested for antibacterial activity
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Plantago major L. Plantaginaceae PLAMA rat‘s-tail/ large plantain, 
ripple-seed

methanol

Portulaca oleracea L. Portulacaceae POROL common purslane, fatweed methanol

Ribes nigrum L. Grossulariaceae RIBNI black currant methanol

Salvia hispanica L. Lamiaceae SALHI chia methanol

Tagetes patula var. nana 
L.

Asteraceae TAGPA marigold methanol

Tanacetum vulgare L. Asteraceae CHYVU common tansy methanol
n-hexane

n-hexane extracts and some of the colored fractions 
from the methanol extracts. 
Antibacterial assay

The in vitro test for antibacterial activity was 
completed by the agar diffusion method on Nutri-
ent agar with 0.2% glucose. Bacterial suspensions 
of 100 μl, 1.5x107cfu/ml were used for inoculums. 
The wells (d=5mm) were filled with 50µl of each 
substance and left for 2 h prior to incubation. Incu-
bation was held at 28ºC for 48 h.The antimicrobial 
activity was assessed by measuring the diameter of 
the inhibition zone after 24 and 48 hours.The  anti-
bacterial assay was performed in triplicate.

Results
The clear liquid fractions did not show any 

antibacterial effect. Water solutions (2% and 5%) of 
twenty extracts (methanol and n-hexane) from 16 
plant species did not possess antibacterial activity 
either (Table 2).

Satisfactory results (11-16 mm inhibition 
zones) were observed from 5% extracts from ACH-
MI, ARTAB, CHQMA, 1CNMG, CLVVT, DATSL, 
SEDSL, HYPPE, IVAXA, RIBNI, and SALHI and 
from 2% extracts from CHQMA, HYPPE, IVAXA, 
and MEUOF. The greatest number of plant extracts 
showed activity against C. michiganensis subsp. 
michiganensis – 20 methanol and n-hexane extracts 
from 17 plants. Both methanol and n-hexaneex-
tracts from EHIVU and MEUOF had antibacterial 
properties, though unsatisfactory (≤ 10mminhibi-
tion zones) at the tested solutions. Methanol ex-
tracts from HYPPE and1CNMG, and n-hexane ex-
tract from IVAXA gave satisfactory results against 
this pathogen (Table 2). 

P. syringae pv. tomato seemed to be the least 
susceptible towards the tested extracts as only 

four extracts revealed activity - 1CNMG, SEDSL, 
POROL, and RIBNI. Seven plant species possessed 
antibacterial activity against the causal agents of 
bacterial spot of tomato – X. vesicatoria and X. 
gardneri. Good results were observed from extracts 
from CHQMA and 1CNMG against these two 
pathogens. SALHI also gave satisfactory results 
but only against X. gardneri.

Extracts from four plants were active against 
three of the tomato pathogens and only 1CNMG and 
SEDSL showed effect against all four pathogenic 
bacteria. However, most of the inhibitory zones 
formed by SEDSL were not large enough at the 
tested concentrations.

Discussion
The lack of adequate products for control of 

plant pathogenic bacteria and the increasing resist-
ance to copper-based chemicals (Gleason et al., 
1993; Kizheva et al., 2013) have raised the need to 
seek new alternatives and environmentally friendly 
means of plant protection. Plants as sources of sec-
ondary metabolites with certain biological activi-
ties have been investigated but mainly in the aspect 
of human health and medicine. Knowledge of plant 
activities in the aspect of plant protection is still 
highly insufficient and needs to be enriched.

The plants used in this study are common for 
Bulgaria species (with the exception of S. hispan-
ica), which can easily be found in nature or grown 
without the need of special facilities. The plants 
have been purposefully selected to meet this re-
quirement so that the collection of plant biomass 
is economically advantageous and eventual future 
commercial production is possible. Studies includ-
ing screening for antibacterial properties like this 
one are essential for the next steps of analysis of 
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Table 2. Antibacterial activity of plant extracts against bacterial pathogens of tomato

Plant 
species Extract

Pathogen
C. 

michiganensis 
subsp. 

michiganensis

P. syringae 
pv. tomato X. vesicatoria X. gardneri

ACHCP

2% (w/v)met 0 0 0 0
5% (w/v) met 0 0 7 7
2% (w/v) hex 0 0 0 0
5% (w/v) hex 0 0 0 0

ACHMI

2% (w/v)met fr-2 8+1 pg* 0 8 7
5% (w/v) met fr-2 11 0 0 0
2% (w/v)met fr-3 0 0 0 0
5% (w/v) met fr-3 0 0 0 0

2% (w/v) hex 0 0 0 0
5% (w/v) hex 0 0 0 0

AMBEL

2% (w/v)met 0 0 0 0
5% (w/v) met 0 0 0 0
2% (w/v) hex 0 0 0 0
5% (w/v) hex 9 pg 0 0 0

ARTAB

2% (w/v)met 0 0 0 0
5% (w/v) met 0 0 0 0
2% (w/v) hex 7 0 0 0
5% (w/v) hex 11 0 0 0

1CNMG 5% (w/v)met 12 14 12 13

CHQMA

5% (w/v)met fr-2 0 0 13 15
10% (w/v) met fr-2 0 0 16 18
2% (w/v)met fr-3 7+2 pg 0 7 11
5% (w/v) met fr-3 10+2 pg 0 12 16

2% (w/v) hex 0 0 0 0
5% (w/v) hex 0 0 0 0

CLVVT

2% (w/v)met 0 0 0 0
5% (w/v) met 0 0 0 0
2% (w/v) hex 8 0 0 0
5% (w/v) hex 11 0 0 0

COIMA

2% (w/v)met 0 0 0 0
5% (w/v) met 0 0 0 0
2% (w/v) hex 0 0 0 0
5% (w/v) hex 8+1 pg 0 0 0

CNSRE
2% (w/v)met 0 0 0 0
5% (w/v) met 0 0 0 0

DATSL

2% (w/v)met 8 0 0 0
5% (w/v) met 11 0 0 0
2% (w/v) hex 0 0 0 0
5% (w/v) hex 0 0 0 0

DATSL 
(seed)

2% (w/v)met 0 0 0 0

5% (w/v) met 0 0 0 0
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EHIVU

2% (w/v)met 0 0 0 0
5% (w/v) met 8+1 pg 0 0 0
2% (w/v) hex 7 pg 0 0 0
5% (w/v) hex 8 0 0 0

EQUAR

2% (w/v)met 0 0 0 0
5% (w/v) met 0 0 0 0
2% (w/v) hex 0 0 0 0
5% (w/v) hex 0 0 0 0

FOSVI

2% (w/v)met 0 0 0 0
5% (w/v) met 0 0 0 0
2% (w/v) hex 0 0 0 0
5% (w/v) hex 0 0 0 0

HEEHE

2% (w/v)met 0 0 0 0
5% (w/v) met 0 0 0 0
2% (w/v) hex 0 0 0 0
5% (w/v) hex 7+2 pg 0 0 0

SEDSL
2% (w/v)met 7 9 pg 7 pg 9 pg
5% (w/v) met 9 12 9 pg 9

HYPPE

2% (w/v)met 13 0 0 0
5% (w/v) met 15 0 0 0
2% (w/v) hex 0 0 0 0
5% (w/v) hex 0 0 0 0

IVAXA

2% (w/v)met 0 0 0 0
5% (w/v) met 0 0 0 0
2% (w/v) hex 11 0 0 0
5% (w/v) hex 13 0 0 0

MEUAL

2% (w/v)met 0 0 0 0
5% (w/v) met 0 0 0 0
2% (w/v) hex 0 0 0 0
5% (w/v) hex 0 0 9 pg 0

MEUOF

2% (w/v)met 11+8 pg 0 0 0
5% (w/v) met 9 0 0 0
2% (w/v) hex 0 0 0 0
5% (w/v) hex 9 0 0 0

PLAMA
2% (w/v)met 0 0 0 0
5% (w/v) met 7 pg 0 0 9

POROL

2% (w/v)met fr-2 0 0 0 0
5% (w/v) met fr-2 0 0 0 9 pg
2% (w/v) met fr-3 0 0 0 0
5% (w/v) met fr-3 7 pg 9 pg 0 0

RIBNI
2% (w/v)met 0 0 0 0
5% (w/v) met 0 11 9 9

SALHI

2% (w/v)met fr-2 0 0 0 0
5% (w/v) met fr-2 0 0 0 11
2% (w/v)met fr-3 0 0 0 0
5% (w/v) met fr-3 0 0 0 11

TAGPA
2% (w/v)met 0 0 0 0
5% (w/v) met 7 0 0 0
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CHYVU

2% (w/v)met 0 0 0 0
5% (w/v) met 0 0 0 0
2% (w/v) hex 0 0 0 0
5% (w/v) hex 7 pg 0 8 8

*average value; 
pg – poor growth of the bacterial strain alone or next to the sterile inhibitory zone;
met – methanol extract; met fr-2 – second fraction from the methanol extract; met fr-3 – third fraction from the 
methanol extract; hex – n-hexane extract

plant active substances, optimizations of extract 
preparation and working concentrations, in vivo 
testing on crops, and application optimization.

Even though the potential of plants for the 
purposes of crop protection is still weakly investi-
gated, most of the studies of antibacterial activities 
concern essential oils or extracts from herbaceous 
plants (Daferera et al., 2003; Tanovic et al., 2007; 
Tobias et al., 2007; Elkhalfi et al., 2013). The plants 
selected in this study expand the group of potential 
donors of substances with antibacterial properties 
by including weed and fruit species. The unpreten-
tious fruit shrubs like black currant and Japanese 
quince open new opportunities for application of 
these human health friendly plants.

Conclusion
A total of 25 plants and 47 methanol and 

n-hexane extracts were tested against the econom-
ically important pathogenic bacteria of tomato C. 
michiganensis subsp. michiganensis, P. syringae 
pv. tomato, X. vesicatoria, and X. gardneri. Ex-
tracts from seven plants have the potential to be 
used against C. michiganensis subsp. michiganen-
sis. Methanol extract from C. majus has the biggest 
potential for control of Xanthomonas of tomato 
and also has some effect against C. michiganensis 
subsp. michiganensis. H. spectabile has the poten-
tial for control of the bacteria but higher concen-
trations need to be tested. Methanol extracts from 
Chaenomeles sp. has good potential for control of 
all pathogens in concentrations of 5%.
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Abstract
The present study focuses on antimicrobial resistance among the most important respiratory patho-

gens. The study population were children with respiratory tract infections (RTIs), treated in ambulatory and 
hospital settings at the Institute for respiratory diseases in children –Skopje, in the period from 01.04.2016 
to 30.09.2016. Standard microbiological procedures were used for isolation and identification of bacte-
ria. Disc diffusion test was used for antibiotic susceptibility testing. Oxacillin-resistant pneumococcal iso-
lates were subjected to MIC determination by gradient E-test. Of all respiratory pathogens, Streptococ-
cus pneumoniae was the most frequently isolated with 35% (362/1027). Ampicillin non-susceptibility rate 
(MIC>2mg/l) was 28.2%. Macrolide-resistant were 46.7%, with cMLSb as dominant phenotype (80.15%). 
The rate of MRSA was 34.9% (73/209) and gentamycin resistance in Staphylococcus aureus in 90.7% was 
connected with MRSA. 26.5% were macrolide-resistant with iMLSb as dominant phenotype. Ampicillin 
resistance rates among Moraxella catarrhalis and Haemophilus influenzae were 100% and 34.9%, respec-
tively. There was no resistance to β-lactams or to macrolides among Streptococcus β haemolyticus. Tracing 
bacterial resistance profiles plays a critical role in preparing guidelines for appropriate antimicrobial treat-
ment.
Key words antibiotic resistance, Streptococcus pneumoniae, Staphylococcus aureus, Moraxella catarrha-
lis, Haemophilus influenza

Резюме
Настоящото изследване се фокусира върху антимикробната резистентност сред най-важните 

респираторни патогени. В проучването са включени деца с инфекции на дихателните пътища (ИДП), 
лекувани амбулаторно и в болнични условия в Института за детски респираторни заболявания, 
Скопие за периода от 01.04.2016 до 30.09.2016. За изолиране и идентифициране на бактериите са 
използвани стандартни микробиологични процедури, а за определяне на чувствителността към 
антибиотици е приложен тест за дискова дифузия. Чрез градиент Е-тест е установена минималната 
инхибираща концентрация (МИК) по отношение на резистентните на оксацилин пневмококови 
изолати. От всички респираторни патогени най-често се изолира Streptococcus pneumoniae - 35% 
(362/1027). Чувствителните към ампицилин изолати (при МИК> 2мг/л) са 28.2%. Макролидна-
та резистентност е 46.7%, като cMLSb е доминиращ фенотип (80,15%). Степента на метицилин-
резистентни стафилококи (MRSA) е 34.9% (73/209), а резистентността към гентамицин при тях 
е 90.7% и е свързана с MRSA. Утойчиви на макролидни антибиотици с iMLSb като доминиращ 
фенотип са 26.5%. Степента на резистентност към ампицилин сред Moraxella catarrhalis и Hae-
mophilus influenzae е съответно 100% и 34.9%. Сред Streptococcus β haemolyticus няма резистентни 
към β-лактамните и макролидните антибиотици. Определянето на профила на бактериална рези-
стентност играе съществена роля в изготвянето на указания за подходящо лечение при бактериални 
инфекции.

*Corresponding author: 
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E-mail gorica.popova@yahoo.com
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Introduction 
The increase in antibiotic resistance is of 

great concern nowadays. The treatment of respira-
tory tract infections -  i.e. those that affect the si-
nus cavities (sinusitis), ears (otitis media), bronchi 
(bronchitis), and lungs (pneumonia) is significantly 
impacted by resistance, as respiratory conditions 
account for >70% of the visits in which antibiotics 
are prescribed (Hersh et al., 2011). The most com-
mon pathogens implicated in these infections are 
Streptococcus pneumoniae, Haemophilus influen-
zae, Moraxella catarrhalis, Staphylococcus aureus 
and Streptococcus β- haemolyticus. In order to de-
termine the most effective antibiotic for an infection 
due to these pathogens, appropriate antimicrobial 
susceptibility test results are of great importance. 
Antibiotics are effective when they interfere with 
the basic metabolic functions of susceptible patho-
gens. Macrolides and beta-lactams are favorably 
used antibiotics in the pediatric population, and this 
study was aimed to analyze the antimicrobial re-
sistance among respiratory pathogens, especially to 
emphasize the resistance patterns to macrolides and 
ampicillin. 

Macrolides inhibit bacterial protein synthe-
sis by binding to the large 50S ribosomal subunit 
and disrupting protein elongation by causing the 
dissociation of the peptidyl-tRNA (Poehlsgaard 
and Stephen, 2005). Though distinct in chemical 
structure, the lincosamide and streptogramin class 
of antibiotics have overlapping binding sites with 
macrolides and have similar mechanisms of action. 
Modification of the target site because of erythro-
mycin ribosomal methylase (erm) family genes, 
whose gene product dimethylates the target site 
of the 23S rRNA, is the main mechanism of mac-
rolide resistance in Europe (Reinert et al., 2005). 
Ribosomal methylation confers resistance to mac-
rolides, lincosamides, and streptogramin B, which 
is characterized as the MLSB phenotype. This type 
of resistance could be constitutive and inducible - 
when the methylation occurs only in the presence 
of inducible macrolides (14- and 15-membered 
ring macrolides) (Montanari et al., 2001; Kaieda 
et al., 2004). This phenotype of resistance provides 
high-level resistance to macrolides (erythromycin 
MICs usually ≥256 μg/ml). Another mechanism of 
resistance is active efflux of the drug. Macrolide ef-
flux in S. pneumoniae has been the most common 
cause of macrolide resistance in North America 
(Schroeder and Stephens, 2016). S. pneumoni-
ae with mef (E)/mel (genes whose products act as 
transmembrane efflux pump) have been shown to 

have an M phenotype, which is resistant to 14- and 
15-membered macrolides but susceptible to lincos-
amides and streptogramin B. This type of resistance 
displays low-level resistance (MICs 1–8 μg/ml) to 
erythromycin (Schroeder and Stephens, 2016). 

Resistance to β-lactam antibiotics is mediated 
by the production of either β-lactamase, which hy-
drolyzes and inactivates the drug, or of an altered 
target or targets, that is, penicillin-binding proteins 
(PBPs).  Staphylococcal β-lactamases are nar-
row-spectrum penicillinases with relatively poor 
activity against semi-synthetic antistaphylococcal 
penicillins. Resistance to ampicillin in H. influenzae 
and M. catarrhalis is mainly because of the produc-
tion of β-lactamases. These enzymes are inhibited 
by the inhibitor of β-lactamases, such as clavulanic 
acid. The target of β-lactam antibiotics are the en-
zymes transpeptidases also called penicillin-bind-
ing proteins (PBPs). In widely divergent gram-pos-
itive and gram-negative species, changes in one or 
more of the peptodoglican transpeptidase penicil-
lin-binding proteins (PBP) have been correlated 
with decreased susceptibility to multiple β-lactam 
antibiotics. The penicillin-binding protein targets in 
penicillin-resistant strains of S. pneumoniae are a 
modified, low-binding-affinity version of the native 
PBPs. The level of resistance is determined by how 
many and to what extent the targets are modified. In 
contrast, methicillin resistance in staphylococci is 
due to the expression of PBP 2a, a low-affinity PBP, 
for which there is no homologue in methicillin-sus-
ceptible strains (Munita and Arias, 2016).

 
Material and Methods

The study population were children with 
respiratory tract infections (RTIs), treated in am-
bulatory and hospital settings at the Institute for 
respiratory diseases in children –Skopje, in the pe-
riod from 01.04.2016 to 30.09.2016. Standard mi-
crobiological procedures were used for processing 
the microbiological samples, such as sputa or phar-
yngeal aspirations, ear swabs, nasal swabs, bron-
chial aspiration, throat swabs, and haemocultures. 
Identification of bacteria was done using standard 
microbiological procedures, and antimicrobial sus-
ceptibility testing was done using disk diffusion 
method. All susceptibility tests were performed 
according to the methodology proposed by the Eu-
ropean Committee on Antimicrobial Susceptibili-
ty Testing (Matuschek et al., 2014). Interpretation 
of the zones of inhibition around antibiotic disks, 
and ampicillin MIK values were according to EU-
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CAST- breakpoint tables for interpretation of MICs 
and zone diameters (EUCAST, 2016). Isolates of 
S. pneumoniae, M. catarrhalis, H. influenzae, S. 
aureus and S. β - haemolyticus were taken into ac-
count in this research.
Detection of resistance mechanisms

In order to detect inducibile clindamicin re-
sistance, disks containing erythromycin (15μg) and 
clindamycin (2μg) were placed 30mm apart (from 
center to center). Detected antagonism of clindam-
icyn activity by a macrolide agent (D shape of in-
hibition) meant  positive inducible clindamicyn re-
sistance. H. influenzae and M. catarrhalis isolates 
were not tested to clindamycin susceptibility, as 
this is not recommended by EUCAST.

All isolates of H. influenzae with a zone of 
inhibition around 1u penicillin- containing disk less 
than 11mm were reported as ampicillin- resistant 
and were tested for β-lactamases production. For 
this purpose, nitrocefin test was used. Nitrocefin is 
a chromogenic cephalosporin and, as theamid bond 
in β-lactam ring is hydrolyzed by a β-lactamses, ni-
trocefin changes its color from yellow to red.

Oxacillin-susceptible S. pneumoniae (zone 
of inhibition around 1μg oxacillin disk > 20mm) 
indicates strains with MIC for benzilpenicillin < 
0.06mg/L. Only these strains were reported as sus-
ceptible to phenoxymethylpenicillin (oral penicil-
lin). When the oxacillin zone diameter was < 20mm 
but >8mm, these strains were reported as suscepti-
ble to ampicillin; for the strains with oxacillin zone 
diameter <8mm, MIK values for ampicillin were 
determined by gradient E-test and all strains with 
MIC <2mg/L were reported as susceptible. Me-
thicillin resistance in S. aureus was determined by 
cefoxitin(30μg) disk-diffusion, as  this method re-
liably predicts methicillin resistance, mostly due to 
mec A or mec C genes (EUCAST, 2016).

Results
During the six-month study period (from 

01.04.2016 to 30.09.2016) the total number of iso-
lated respiratory pathogens was 1027. The most 
frequently isolated was S. pneumoniae with 35% 
(362/1027), followed by M. catarrhalis, S. aureus, 
H. influenzae and S. β haemolyticus with frequency 
of isolation as 21% (219/1027), 20% (209/1027), 
13% (129/1027) and 11%(108/1027), respectively. 
During the study period, only two different strains 
were obtained from haemocultures – in one case it 
was S. pneumoniae, and in another H. influenzae. 

The frequency of isolation of S. pneumoni-
ae by clinical samples, such as: nasal swabs, sputa, 

ear swabs, bronchial aspiration and haemocultures, 
were 70.4%, 28.2%, 0.8%, 0.3% and 0.3%, re-
spectively. Following EUCAST recommendations, 
oxacillin (1μg) screening demonstrated: oxacillin 
susceptibility in 103 pneumococcal isolates, which 
were reported as phenoxymethylpenicillin- and 
ampicillin-susceptible; 45 isolates were with oxa-
cillin zone diameter between 8mm and 20 mm and 
reported as ampicillin-susceptible; 214 were with 
oxacillin zone diameter <8mm and 112 of them, 
according to ampicillin MIC values, were reported 
as ampicillin- susceptible. Therefore, of all tested 
pneumococcal isolates, the ampicillin- susceptible 
was 71.8% (260/362).

For cefixim, cefalexin, cefadroxil and amino-
glicosydes there were no breakpoints and suscep-
tibility testing was not performed. All 362 isolates 
of S. pneumoniae were tested for susceptibility to 
erythromycin and the macrolide resistance rate 
was 46.68% (169/362). The phenotypes of mac-
rolide-resistance in S. pneumoniae are shown in 
Fig. 1. 

Of the 209 S. aureus isolates tested, 176 
were obtained from nasal swabs, of which 31.2% 
(55/176) were found as methicillin-resistant. The 
remaining strains were obtained from sputa and to-
tal methicillin resistance rate was 34.9%.

Gentamycin resistance rate was 26.9% 
(43/160), and in 90.7% gentamycin-resistant 
strains were methicillin-resistant at the same time. 
Macrolide-resistant were 26.7% (48/180), and the 
phenotypes of macrolide resistance in S. aureus are 
given in Fig. 1. H. influenzae was isolated from na-
sal swabs, sputa, epipharynx and haemoculture in 
49.6%, 45%, 4.6% and 0.8%, respectively. Of all H. 
influenzae isolates tested, ampicillin-resistant were 

Fig. 1. Proportion of phenotypes of macrolide 
resistance among S. pneumoniae and S. aureus
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34.9% (45/129). Resistance other than the produc-
tion of β-lactamases was not detected. All ampicil-
lin-resistant strains were susceptible to the ampi-
ciliin/clavulanc acid combination. Macrolides were 
reported in 100% as intermediate resistant.

The great proportion of M. catarrhalis was 
isolated from nasal swabs 91.3% (200/219) and in 
8.7% (19/219) from sputa. All isolated strains were 
reported as ampicillin-resistant and susceptible to 
ampicillin/clavulanic acid combination.

Among the S. β-haemolyticus isolates, there 
was no resistance to penicillin, cephalosporin anti-
biotics and macrolides. Sulfamethoxazole/trimeth-
oprim resistance rate was 91.8% (45/49).

A short version of a cumulative antibiogram 
is given in Table 1.

Discussion
Respiratory tract infections are the reason 

for excessive and often inappropriate prescribing 
of antibiotics, which has undoubtedly contributed 
to increased resistance (Hersh et al., 2011). Data 
have shown a direct correlation between the use of 
antibiotics and resistance (Granizio et al., 2000). 
Countries with a higher consumption of antibiot-
ics show higher rates of resistance (Coossens et al., 
2005). S. pneumoniae is the most common commu-
nity-acquired pathogen causing infections in young 
children (CDC, 2001). This state correlates with 
our findings, as S. pneumoniae has been the most 
frequently isolated respiratory pathogen. 

The present study demonstrated high-level 
macrolide resistance among pneumococcal isolates, 
where approximately 47% of all tested isolates were 
macrolide-resistant. In the literature, the proportion 

of resistant isolates ranges from less than 10% to 
higher than 80% in different countries (Farrell et 
al., 2008). The dominant phenotype of resistance 
was cMLS with high MIK values for erythromycin, 
which implies clinically significant type of resis-
tance (Nuermberger and Bishai, 2004). This find-
ing correlates with the situation in Europe, where 
erm (B) that implies MLSb phenotype, dominates 
(Montanari et al., 2003). Bergman and co-workers 
found a statistically significant association between 
macrolide resistance in S. pneumoniae and total 
macrolide consumption, and between macrolide re-
sistance and azithromycin consumption (Bergman 
et al., 2006). If this statement is taken into consid-
eration together with the resistance rates from the 
present study, it can be concluded that unnecessary 
use of macrolides, especially azithromycin, should 
be avoided. 

Data from the literature suggest that respira-
tory tract infections caused by isolates of S. pneu-
moniae that were considered to be ampicillin inter-
mediately resistant (MIC< 2μg/L) should respond 
well to treatment with a β–lactam agent used in 
appropriate doses (File at al., 2014). The major-
ity of pneumococcal isolates in the present study 
were with such ampicillin susceptibility pattern. 
Ampicillin resistance among H. influenzae isolates 
was 35%, which is relatively high compared with 
data from other countries (Hoban and Felmingham, 
2002). A mechanism of resistance other than pro-
duction of β-lactamases was not detected in this 
study.

Nearly 85% of all isolated S. aures strains 
were obtained from nasal swabs and more than 
30% of them were reported as MRSA. That im-

Organism
№ of 
strain

Susceptible [%]
CIP1

AMP AMC CFM CPD E CD GM MOX
S. pneumoniae1 362 71 71 - 100 53 67 - 100 -
M. catarrhalis 219 0 100 100 - 95 - - 98 98
H. influenzae 129 65 100 100 100 0 - - 100 100
S. aureus 209 2 65 - 65 74 90 - - 92

                                     Institute for respiratory diseases in children, Skopje
                                 Cumulative antibiogram  (period 01.04.2016 – 30.09.2016)

Table 1. Cumulative antibiogram (period 01.04.2016 – 30.09.2016) 

1S. pneumoniae (non meningitis);  AMP – ampicillin, AMC – amoxicillin–clavulanic acid, CFM – cefixim, CPD – 
cefpodoxim, E – erythromycin, CD – clindamycin, GM – gentamycin, MOX – moxifloxacin , CIP – ciprofloxacin
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plies high nasal MRSA colonization rates in the 
child population.  The fact that colonization pre-
cedes infection is supported by studies that have 
demonstrated that nasal S. aureus isolates are often 
identical to strains later causing clinical infections 
(Wertheim et al., 2004). In some regions, commu-
nity acquired- MRSA isolates account for 75% of 
community associated S. aureus infection in chil-
dren (Kaplan et al., 2005).

Data from the study imply a high prevalence 
of antibiotic resistance among respiratory patho-
gens and rational use of antibiotics seems to be of 
great importance in fighting antimicrobial resis-
tance. The recommendations for providing cumu-
lative antibiograms as periodic reports should be 
implemented as a reasonable option for monitoring 
emerging trends in resistance at the local level (Hin-
dler and Stelling, 2007). Cumulative antibiograms 
should help the physician select the most appropri-
ate antibiotic for empirical treatment of respiratory 
infections.
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Viruses Causing Chlorotic Symptoms on Aromatic Plant Nepeta racemosa

Bistra Dikova
Nikola Poushkarov Institute for Soil Science, Agrotechnologies and Plant Protection (ISSAPP), 7 Shosse 
Bankya St., 1080 Sofia, Bulgaria 

Abstract
Nepeta racemosa L. – or Persian catmint, is an aromatic plant species, used as a source for forming 

of perennial ornamental plantations. This plant is also useful for other reasons. It repels mosquitoes and 
cockroaches, because it contains nepetalactone, which has effects on some insects. Chlorotic spotting on 
the sprigs of the tufts of the perennial plantation of Persian catmint, originated from the trial field of the In-
stitute of Rose, Essential and Medicinal Cultures near Kazanlak, was established in the period 2014-2017. 
The objective of the study was to establish the viral pathogen or several viral pathogens – agents of virus 
disease with chlorotic symptoms on the plants. The method used was ELISA, variant DAS- ELISA. Two 
plant viruses were proven. One of them was Тоmato spotted wilt virus (TSWV) - Bunyaviridae family, To-
spovirus genus. It was established on N. racemosa in a high percentage of the chlorotic plants in the period 
2014-2017. Therefore, TSWV existed in 91 % of the tested chlorotic plants in 2017. The second viral patho-
gen was Potato virus Y (PVY) – Potyviridae family, Potyvirus genus. PVY was for the first time established 
as a viral agent of disease on N. racemosa plants in the present study in 2017 together with TSWV . PVY 
existed in 27 % of the tested chlorotic plants. 
Кey words: aromatic plant Nepeta racemosa, viral pathogens: TSWV, PVY.

Резюме
Nepeta racemosa L –Персийска котешка мента е вид етеричномаслено (ароматно) растение, 

което се използва за формиране на многогодишни цветни насаждения. Това растение е полезно и по 
друга причина. То отблъсква комари и хлебарки, защото  съдържа непеталактон, който има ефект 
върху някой насекоми. В периода 2014 – 2017 години беше наблюдавано хлоротично напетняване 
на стръкчета в туфите от многогодишно насаждение на персийска котешка мента, произхождаща от 
опитното поле на института по розата, етеричномаслените и медицински култури в Казанлък. Целта 
на проучването беше установяването на вирусния патоген или няколко вирусни патогени – причи-
нители на вирусната болест с хлоротичните симптоми по растенията. Използваният метод беше 
ELISA, вариант DAS- ELISA. Бяха доказани два растителни вируса. Единият беше Тоmato spotted 
wilt virus (TSWV) – семейство Bunyaviridae family, род Tospovirus. Той беше установен във висок 
процент от хлоротичните растения на N. racemosa през всичките години за периода 2014-2017. Така 
TSWV присъстваше в 91 % от тестираните хлоротични растения през 2017 година. Вторият вирусен 
патоген беше Potato virus Y (PVY) – семейство Potyviridae, род Potyvirus . През 2017 година PVY 
беше установен за първи път като причинител на заболяване съвместно с TSWV по N. racemosa. 
PVY присъстваше в 27 % от тестираните хлоротични растения.

*Corresponding author: E- mail: b.dikova@abv.bg

Introduction
The aromatic plant species Nepeta racemosa 

L – Persian catmint is used as a source for forma-
tion of perennial ornamental plantations. This plant 
is useful, because it repels mosquitoes and cock-

roaches due to its content of nepetalactone, which 
has effects on some insects.

Tomato spotted wilt virus (TSWV), family 
Bunyaviridae causes economically important dis-
eases on tomatoes and peppers, decreasing their 
yield. Parella et al. (2003) have reported about large 
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host range of TSWV and significant losses in pro-
duction of tomato and pepper caused by the same vi-
rus. Dikova (2010, 2011 and 2015) has established 
that TSWV host range includes different plant spe-
cies of essential oil-bearing and medicinal plants. 
TSWV is efficiently transmitted by three widely 
distributed thrips species in Bulgaria: Frankliniel-
la occidentalis (Pergande) (Western flower thrips); 
Frankliniella intonsa (Trybom) (Eurasian flower 
thrips) and Thrips tabaci Lindeman (Onion thrips) 
(Karadjova et al., 2001).

Potato virus Y (PVY) – Potyviridae family, 
Potyvirus genus, is a pathogen for many agricultur-
al crops with a major significance for potatoes. This 
virus has hosts among the aromatic and medicinal 
plants too. Dikova (2012) has established Corian-
drum sativum L. and Echinacea purpurea (L.) Mo-
ench as hosts for PVY.

The objective of the research was to estab-

lish virus or viruses, causing chlorotic and necrot-
ic symptoms on the aromatic plant N. racemosa L. 
and deteriorating the quality of the leaves (herba) 
and flowers from this aromatic species.

Material and Methods
The studies were carried out in the Division 

for Plant Protection of the Institute of Soil Science, 
Agrotechnologies and Plant Protection (ISSAPP) 
“Nikola Poushkarov”, Sofia, Bulgaria from 2014 to 
2017. Samples of plants N. racemosa with symp-
toms of virus diseases were collected from a plan-
tation in trial fields of the Institute of Roses, Essen-
tial and Medical cultures (IREMC) near Kazanlak, 
Bulgaria. Each sample from a single tuft of N. rac-
emosa was analyzed by ELISA method (DAS-ELI-
SA); (Clark and Adams, 1977) with kits for TSWV 
and PVY, purchased from the German company 
LOEWE, Biochemica. The extinction values were 

Fig. 1 Sprigs of N. racemosa with chlorotic 
leaves spotted by viruses. 

Fig. 2 Symptoms of virus disease – chlorotic 
leaves and sprig of N. racemosa - on the left 
in comparison with symptomless (practically 
healthy) leaf and sprig – on the right. 

Fig. 3 Two sprigs of N. racemosa with 
chlorotic and necrotic symptoms on the  
leaves and stems, caused by viruses - on 
the right; symptomless sprigs – on the left.

Fig. 4 One sprig of N. racemosa with 
chlorotic and necrotic symptoms on the 
leaves and especially on the stem, caused by 
viruses in comparison with a symptomless 
sprig.

цв
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measured using a spectrophotometer Multimode 
Detector DTX 880. All samples showing values 
two and a half times higher than the negative con-
trols were assumed as virus positive namely virus 
carriers. Negative controls were samples of symp-
tomless healthy plants N. racemosa and for positive 
controls indicator plants infected with TSWV and 
PVY were used.

Results and Discussion
N. racemosa L. – Persian catmint is an aro-

matic plant with attractive violet racemes, which 
forms thick shrubs. We observed large parts of these 
shrubs with chlorotic leaves and even entire chloro-
tic sprigs in a plantation of the Institute of IREMC 
near Kazanlak, Bulgaria (Fig. 1 and Fig. 2). We also 
observed chlorotic sprigs and bright yellow colored 
sprigs with partial necrosis on the stems or entire 
necrotic stems (Fig.3 and Fig. 4). 

Viral pathogens were established as a cause 
of largely spread chlorotic symptoms (Fig. 5). Both 
viruses, TSWV and PVY, caused light yellow to 
bright yellow irregular spots on the middle and 
lower stages of leaves, that turned to necrotic spots, 
with frequent cases of wilting and premature dying 
of the entire sprigs or often the entire shrubs of N. 
racemosa.

Some tufts and shrubs of N. racemosa with 
chlorotic and necrotic, spotted by viruses, leaves and 
stems were generally infected by TSWV and sporad-
ically by PVY, as was shown on chart of Fig. 5.

TSWV was proven in moderate viral concen-
tration around 0.6 optical density (OD) in the ma-
jority of shrub samples with numbers: 2, 5, 6, 7 9 
and 11; high viral concentration over 1.4 OD only 
in sample 8 and comparatively low viral concentra-
tion in samples with numbers: 1, 3, 4, 10 - around 
0.4 OD (Fig. 5). PVY was established in two shrub 
samples in moderate viral concentration – numbers 
1 and 8, and in comparatively low viral concentra-
tion – number 2 (Fig. 5). Cut off the border for the 
diseased samples in comparison with symptomles 
(healthy) samples was 0.278 OD for TSWV and 
0.338 OD for PVY. Therefore TSWV was estab-
lished in 91 % of the tested chlorotic plants N. rac-
emosa in 2017, and PVY – в 27 % (Fig. 5).

TSWV was established as a major viral 
pathogen, responsible for chlorotic and necrotic 
symptoms on N. racemosa in 2016, too (Dikova 
et al., 2016). PVY was for the first time proven as 
a viral pathogen on the same aromatic species in 
this study for the first time. Apart on N. racemo-
sa plants, TSWV was proven in the thrips bodies 
(Тhrips sp.) (Dikova et al., 2016). The wild plants 
(weeds) Cirsium arvense L. and Convolvulus arvensis 
L., collected in the Persian catmint plantations were 
with proven TSWV infection (Dikova et al., 2016). 
Therefore, TSWV control must be carried out in 
three directions: against the virus, against its vector 
thrips, and against the weeds in the plantations – 
sources of viral infection.
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Fig. 5. Results from DAS-ELISA about establishment of TSWV and PVY on N. racemosa shrubs.
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Conclusion
The viruses TSWV and PVY in mixed infec-

tion caused chlorotic and necrotic symptoms on the 
leaves and stems of the N. racemosa plants. These 
symptoms deteriorated the quality and decreased 
the yield of leaves (herba) and flowers from the 
plants. N. racemosa tufts with chlorotic, spotted by 
viruses; leaves were generally infected by TSWV 
and sporadically by PVY. This study has for the 
first time prowed PVY as a viral pathogen on N. 
racemosa plants.
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Manifestation of Practical (Field) Resistance of Apricot (Prunus 
armeniaca) to Plum Pox Virus (Sharka Virus, PPV)

Antoniy Stoev
Institute of Soil Science, Agrotechnologies and Plant Protection (ISSAPP) “Nikola Pushkarov”, Sofia 

Abstract
The investigation was aimed at the receptivity and possible reactions of apricot (Prunus armeniaca) 

to plum pox virus (sharka virus, PPV) widely spread not only in the orchards but in the uncultivated terrains 
on the territory of Bulgaria, where fruit trees of the genus Prunus grow. 

Field observations of manifestation of plum pox (sharka) disease were carried out during the period 
of 2015–2017. They covered trees of plum (P. domestica), wild plum (P. cerasifera), peach (P. persica) 
and apricot (P. armeniaca). Apricot seedlings grown in the yard nearby the Plant Protection Department of 
ISSAPP were also included in the investigation. The seedlings originated from pits with and without sharka 
symptoms. A double antibody sandwich enzyme linked immunosorbent assay (DAS ELISA) was used for 
detecting the viral pathogen. 

The spread of plum pox disease was visually identified in all investigated orchards. Plum trees were 
the most contaminated. Single cases of sharka on wild plum, peach and apricot trees were also observed. 
During the period of investigation apricot seedlings remained healthy and the results of DAS ELISA were 
negative. Apricot seedlings were not receptive to PPV in field conditions when the insects (aphids) were 
natural vectors of the viral infection. The apricot trees could have been infected through infected rootstock 
(P. cerasifera). The results confirmed that apricot generative posterity remained free of PPV. 
Key words: apricot, plum pox, PPV 

Резюме
Изследването е насочено към установяването на инфекция от вируса на шарката (РРV) при 

кайсията и възможните реакции на този вид към него. РРV е широко разпространен не само в гра-
дините, но и в некултивираните площи на територията на България, където растат дървета от род 
Prunus. Проведени са полски обследвания в периода 2015 – 2017 година в района на общинитге Бо-
журище и Костинброд. Обследванията обхващат дървета от видовете слива (P. domestica), джанка (P. 
cerasifera), праскова (P. persica) и кайсия (P. armeniaca). В изследването също са включени кайсиеви 
семеначета, отгледани в двора на направление „Защита на растенията” към ИПАЗР.

Семеначетата произхождат от кайсиеви костилки, някои от които с признаци на шарка и други 
без признаци. Вариантът „двоен антитялов сандвич” на имуноензимния сорбентен тест (DAS ELI-
SA) е използван за откриването на PPV.

Шарката е установена визуално във всички обследвани участъци. Най-често признаците се 
наблюдават по сливовите дървета. Единични случаи са открити при джанка, праскова и кайсия. 
Заразата при кайсиевите дървета вероятно e дошла от заразената джанкова подложка. Кайсиевите 
семеначета в осемгодишния период на изследването не са заразени от РРV. Това показва, че генера-
тивното потомство на кайсията в естествени условия, където има насекомни преносители на зараза-
та, не е възприело РРV.

Introduction
The virus disease sharka on plums or 

plum pox has been established on a number of 
drupaceous fruit species all over the world (Dulić 

and Sarić, 1986; Kalašan and Bilkej 1989; Kegler 
and Hartmann, 1998; Fujiwara et al., 2011). In 
Bulgaria, the disease endangers mostly the plum, 
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peach and apricot. The fruits of infected trees of the 
above mentioned species may drop prematurely. 
The marketable appearance of those remaining on 
the trees deteriorates due to specific deformations. 
The pulp undergoes undesirable changes, thus 
making the fruits unsuitable for fresh consumption 
and processing. The PPV infection may cause 
drying of branches in some plum cultivars that are 
sensitive to the pathogen.

The damages that are likely to be caused by 
sharka impose the need of a respective disease 
control. At present, preventive disease control is 
the most important measure. It can be achieved 
by spatial isolation from the primary sources 
of infection, imposition of quarantine, prompt 
eradication of already infected trees and application 
of insecticides against disease vectors, i.e. aphids 
(Atahasoff, 1933; Grigorov, 1980).

The disease has been known for a long time 
in Bulgaria and is spread in almost all areas of the 
country, where drupaceous fruit species can be 
grown. The most important characteristics of the 
fruit cultivars are their PPV resistance or tolerance. 
That is why the issue of receptivity of separate 
species of the Prunus genus to РРV is important 
both from the theoretical and practical point of view 
(Iliev and Stoev, 2002; Iliev et al., 1999; 2011).

Materials and Methods
The study was carried out on apricot seed-

lings, grown in the yard of the Plant Protection 
Department of SSAPP „Nikola Pushkarov”. The 
seedlings were grown from pits of apricot fruits 
without superficial symptoms of sharka. The fruits 
were purchased from a farmer’s market intended to 
be consumed as fresh dessert. Whitish ring spots, 
typical of sharka, were found only on the shells of 
several pits.

The collected pits, with or without sharka 
symptoms, were sown in the open in the spring of 
2010 (Table 1). The five seedlings that grew from 
them were not treated with insecticides against РРV 

transmitting aphids even though sharka was com-
mon in the area.

A virus DAS ELISA test of leaf samples from 
each seedling without sharka symptoms was made 
at the end of May, 2017 (Adams, 1978; Kameno-
va and Stoev, 1987). The diagnostic reagents of 
LOEWE Biochemica GmbH were used for the test, 
according to the company’s instructions. Optical 
density was recorded upon completion of the test 
with spectrophotometer Multimode Detector DTX 
880 at a wave length of 405 nm. The extinction 
values exceeding the negative control at least three 
times were assumed positive. The positive control 
for the test was a leaf sample with sharka symptoms 
from a plum seedling.

Results and Discussion
The examination of the seedlings in 2010–

2017 did not find any aphids invasion on the leaves. 
No sharka symptoms were found during the same 
period. The DAS ELISA data were negative for all 
samples*. There was a positive result only for the 
sample of a plum seedling with sharka symptoms, 
grown on the same plot of ISSAPP (Fig. 1, No 15).

The lack of aphids infestation in all seedlings 
showed that they were not attractive to those in-
sects, known as РРV vectors. Possibly, they were 
not susceptible to the pathogen due to the hyper-
sensitivity of the leaf tissue to РРV. In this case, 
a pricking by the stiletto of the virophorous insect 
might cause micronecrosis in the pricking spot. 
This prevents the spread of the infection in the leaf, 
hence, in the plant organism.

The transmission of РРV to generative pos-
terity in drupaceous fruit trees and more specifical-
ly apricot has been targeted by a number of stud-
ies because of the importance of the results from 
theoretical and practical point of view. The data in 
the present paper are in conformity with those of 
Pertrov (2014).

The lack of infection does not mean that 
apricot cannot be infested with PPV. There is in-

Total number of sown pits –10
Total number of grown seedlings - 5

grown seedlings sharka symptoms
Pits with sharka symptoms – 5 2 -
Pits without sharka symptoms – 5 3 -

Table 1. Objects of the investigation

* Apples are not host plants of PPV. They were tested as additional control.
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formation in specialized sources about the spread 
of sharka in apricot orchards and economic losses 
suffered by fruit farmers. One of the possible rea-
sons of infection could be the grafting of the apricot 
cutting on infected rootstock in the process of tree 
production (Šutić, 1964; Trifonov, 1972; Milushe-
va and Kamenova, 2006).

The susceptibility of apricot to РРV as well 
as the reaction to this pathogen depends on the viral 
strain characterization, cultivar of the apricot tree 
and aphids’ species (Kegler and Hartmann, 1998; 
Kamenova et al., 2003; Kamenova, 2015). The data 
of the present study drew our attention to the so-
called practical resistance, also known as field resis-
tance. Practical resistance means that the cultured 
plant is not infected by the pathogen under certain 
conditions, known to the farmers. People can create 
such conditions by studying the strain composition 
of the pathogen, the cultivars’ response to it and the 
species in the aphid population. When the strains 
of PPV to which apricot cultivars are tolerant, are 
known or there are no aphids to transmit the virus, 
new profitable plantations can be created.

The first mention of sharka in specialized 
scientific literature dates back to 1933 by Atanaso-
ff in Bulgaria. The disease became the reason for 
the diversification of the list of plum cultivars due 

to the susceptibility of the then traditional cultivar 
Kyustendilska sinya sliva to PPV. New cultivars, 
resistant or tolerant to the pathogen, were created or 
introduced for the new orchards. This contributed 
to minimizing the losses to PРV that is spread all 
over the country (Trifonov, 1972; Iliev et al., 1999).

The results of the studies conducted in the last 
quarter of the 20th and beginning of the 21st century 
defined РРV as the most dangerous for plum trees 
in the conditions of Bulgaria. This does not exclude 
the need for constantly monitoring the infectious 
background composition of newly created planta-
tions. РРV remains the target pathogen in breeding 
new cultivars for resistance.

Conclussion
The apricot seedlings that developed in the 

conditions of a natural infectious background re-
mained non-infected 8 years after sprouting. This 
could be explained as a manifestation of practical 
resistance. It can be used for preliminary screening 
among the plants of generative posterity of the apri-
cot. Selected plants with valuable economic quali-
ties that remain virus free could be propagated in a 
vegetative way. The vegetative posterity will serve 
further to validate new cultivars and rootstock for 
practical purposes.

Results from DAS ELISA 
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Fig. 1. Lack of infection in apricot seedlings in an area with widespread plum pox
There are three basic explanations of the negative results:

•	 neither of the seedlings were infected with PPV during the period of study;
•	 non-infected plants grew from the pits with sharka symptoms;
•	 the embryos of both pits with sharka symptom on the shells remained virus free 
and the seedling were not infected.
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ACTA MICROBIOLOGICA BULGARICA

Cronicle 

10th Balkan Congress on Microbiology, 
Microbiologia Balkanica 2017

held in Sofia from 16 to 18 November 2017

Sofia hosted the 10th Jubilee Balkan Congress on Microbiology, which took place from 16 to 18 No-
vember 2017 at the Park Hotel Moskva. The congress is held every two years and is the most significant 
event of the Balkan Society for Microbiology, initiated by Academician Angel S. Galabov and founded in 
1998 in Vratsa with representatives of six Balkan countries.

More than 400 scientists representing all branches of microbiology – medical, veterinary, plant and 
soil, general and industrial microbiology, virology, infectious immunology and parasitology – from the Bal-
kan countries (Serbia, Romania, Turkey, Greece, Bosnia and Herzegovina, Montenegro, Republic of Mace-
donia, Bulgaria, Kosovo, Croatia and Slovenia) participated in the congress in Sofia as well as a participant 
from Belarus. Leading scientists from the USA, France, Russia, Portugal and Italy were invited to deliver 
plenary lectures. The President of the Federation of European Microbiological Societies (FEMS), Professor 
Bauke Oudega (Dutchman from the Business Office in Delft), and one of the newly elected directors - Prof. 
Vaso Taleski (Shtip), also attended the congress.

The majority of participants were young scientists-microbiologists, to over 60 of whom grants were 
conferred by FEMS and the National Science Fund of the Ministry of Education and Science.

At the official opening, welcome addresses were given by the President of the Balkan Microbiologi-
cal Society (BSM), Prof. Athanassios Tsakris (Athens), and the Vice-President of the Union of Scientists in 
Bulgaria Prof. Stefka Chankova. A welcoming address was also read out on behalf of the President of the 
Bulgarian Academy of Sciences, Academician Julian Revalski.

At the congress, the latest issues of contemporary microbiology were presented and discussed, as well 
as the achievements made by the scientists from the Balkan region over the past two years (after the Ninth 
Balkan Congress in Thessaloniki in 2015). 

The topic of the congress focused mainly on human health, ecology and issues of the agriculture and 
industry sectors of importance for the economy. Special attention was given to the development of new 
antimicrobials, the growing threat of antibiotic resistance, nosocomial infections, microbiology of food, 
microbial biotechnology, probiotics, the viral infections prevalent in the region, etc.

The vast scope of the congress included specialized meetings in: human microbiom (5 plenary and 
5 oral papers), medical microbiology (1 plenary and 13 oral papers), new antimicrobials (4 plenary and 15 
oral papers), resistance to antibiotics (3 plenary and 12 oral papers), nosocomial infections (2 plenary and 7 
oral papers), viral pathogens (1 plenary and 10 oral papers), infectious immunology and biological response 
modifiers (1 plenary and 6 oral papers), microbial biotechnology (2 plenary and 5 oral papers), extremo-
philic microorganisms (2 plenary and 1 oral paper), probiotics and prebiotics (1 plenary and 6 oral papers), 
microbiology and food safety (2 plenary and 5 oral papers, and a panel of 5 rapporteurs), zoonoses (3 oral 
papers) ), veterinary microbiology (3 oral papers), microbiology of the environment (1 plenary and 7 oral 
papers), parasitology (1 plenary and 12 oral papers). Two poster sessions were held with an exceptionally 
large number of presentations, whose authors in their vast majority were young scientists.

Overall, 407 papers were presented at the congress, of which 28 plenary papers, 110 oral paper pre-
sentations, 1 corporate, and 270 poster papers. The panel “Microbiology of animal products and consumer 
health” (under the guidance of Prof. Gurhan Ciftcioglu from Istanbul) and the workshop “From results to a 
paper: How to write and present your study effectively“ with curator Assoc. Prof. Panayotis Tassios (Ath-
ens).

Statistics by country are as follows: Turkey - 187 papers, Bulgaria - 87 papers, Greece - 39, Serbia - 
28, Albania - 22, Republic of Macedonia - 16, Romania - 5, Montenegro - 5, other – a total of 18.

The international jury composed of: Peter Raspor (Ljubljana) – Chairman, Stefan Denev (Stara Za-
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gora), Lyubka Doumanova (Sofia), Denada Laçej (Tirana), Alexandra Năşcuţiu (Bucharest), Mehmet Ali 
Öktem (Izmir), Nikola Panovski (Skopje), Špiro Radulović (Belgrade) and Panayotis Tassios (Athens) 
selected the best posters of young scientists. 

At the closing of the congress, Prof. Angel Galabov, Chairman of the Organizing Committee of the 
Congress, announced the names and handed diplomas to the winners:

First prize: Alexander Belly (Paris) and E. F. Tufekci (Trabzon);
Second prize: Т. Stoyanova (Sofia), D. Ocal (Ankara) and T. Teneva-Angelova (Plovdiv);
Third prize: F. Kahyaoglu (Trabzon), A. Stoyanova (Sofia), A. Akbiyik (Izmir) and Ts. Yungareva 

(Sofia). 

The meeting of the Board of the Balkan Microbiological Society held on 16.11.2017 was headed 
by Prof. Athanassios Tsakris. The following representatives of the microbiological societies of the Balkan 
countries were also present: from Bulgaria – BSM Vice- President Prof. Angel S. Galabov, Sofia (Presi-
dent of the Bulgarian Society for Microbiology), BSM Registrar Prof. Hristo Najdenski (Sofia) and Assoc. 
Prof. Antoniy Stoev, Kostinbrod; from Serbia - Prof. Lazar Ranin, Belgrade, and Prof. Spiro Radulovic, 
Belgrade; from Turkey - Prof. Zeynep Çiğdem Kayacan, Istanbul (President of the Turkish Society of 
Microbiology), and Prof. Mehmet Ali Öktem, Istanbul; from Romania - Prof. Alexandru Rafila, Bucarest 
(President of Romanian Society of Microbiology), Prof. Gabriel Ionescu, Bucarest and Prof. Alexandra 
Năşcuţiu, Bucarest; from Albania - Prof. Andi Koraqi, Tirana (President of the Albanian Society of Micro-
biology) and Assoc. Prof. Denada Laçej, Tirana; from the Republic of Macedonia - Prof. Milena Petrovska, 
Skopje, Prof. Nikola Panovski, Skopje, and Prof. Dzoko Kungulovski, Skopje; from Montenegro - Prof. 
Svetlana Perović, Podgorica (President of the Association of Microbiologists of Montenegro) and Dr. Bojan 
Adžić, Podgorica, Bosnia and Herzegovina - Assoc. Prof. Nijaz Tihić, Tuzla (President of the Microbio-
logical Society of Bosnia and Herzegovina), Assist. Prof. Sabaheta Bektas, Sarajevo and Dr. Sabina Sestić, 
Zenica. The President of the Croatian Microbiology Society Prof. Danko Hajsig (Zagreb) and three FEMS 
representatives - President Prof. Bauke Oudega, Director Events & Internationalisation Prof. Vaso Taleski 
and Assoc. Prof. Galina Satchanska (Member of the FEMS Election Committee), also attended the meeting.

The BSM Board decided to hold the next, 11th Balkan Congress on Microbiology /Microbiologia 
Balkanica 2019 in Tirana, with the Organizing Committee to be chaired by Prof. Andi Koraqi.

Prof. A. Galabov raised the issue of establishing a Balkan microbiological network based on cooper-
ation within the region and developing joint research projects. He proposed a concrete project of his own 
design: 

Balkan Network of MIcrobiology
Objectives
•	 Establishment of complete contemporary infrastructure of the microbiology research and 
development activities in the Balkan countries.
•	 Renovation and increase of the quality of the research work in order to reach the scientific level of 
microbiology in the European Union countries. The fulfillment of this objective requires improvement and 
harmonization of the laboratory equipment in some countries, such as Bulgaria, Republic of Macedonia, 
Romania and Serbia-Montenegro. Development of microbiological laboratory policies throughout the 
Balkan region. 
•	 Development of centers of excellence. 
•	 Intensification of the process of cooperation of scientists-microbiologists in the region and larger 
cooperation with the rest of European countries in favor of equal participation in the European, NATO and 
other research programs.
•	 Improvement of diagnostics and control of infectious diseases.
•	 Strengthening the surveillance and monitoring of ecological, infectious disease and food safety 
risks.
•	 Resolving ecological problems of regional importance (soil and water pollution, etc.).
•	 Impacts in the biotechnological, food and pharmaceutical industries of the region. 
•	 Improvement of education and qualification of microbiologists in the Balkan countries.
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Topics
Panel A
This panel focuses on investigations concerning the causative agents of the infectious diseases of greatest 
importance for the Balkan region nowadays, as follows: 
•	 Emerging infections (West Nile fever transmitted by the bird migration route near the Black Sea 
coast, Balkan endemic nephropathy, etc.) 
•	 Zooantroponoses (haemorrhagic fevers, tularemia, pseudotuberculosis, Conori rickettsiosis, etc.)
•	 Nosocomial infections and hospital hygiene
•	 Tuberculosis
•	 Sexually transmitted infections and AIDS
•	 Viral hepatitides
•	 Viral infections of the respiratory tract
•	 Viruses and cardiovascular diseases
•	 Candidae and candidosis
•	 Infections in the immunocompromised patients

Panel B
Here are pointed topics concerning the new approaches and strategies in the struggle against infectious 
diseases and their sequels.

•	 Antimicrobial resistance
•	 Antiviral drugs
•	 New strategies in the control of infectious diseases
•	 Food-borne pathogens – detection and control

Panel C
This panel includes topics directed to improvement of the quality of life and economy of the Balkan coun-
tries based on new microbial biotechnologies and resolving significant ecological disasters. 

•	 Microbial biotechnologies in food industry
•	 New approaches and developments in applied microbiology
•	 Microbial ecology
•	 Plant and soil microbiology

Panel D
Activities in the panel will contribute to augmentation of basic and training scientific level of the 
microbiologists from the region. It is also foreseen to have courses organized for young scientists using 
the most modern methods in microbiology.
•	 Training courses on new methods in the diagnosis of infectious diseases
•	 Training courses on molecular-based methods for taxonomic identification of infectious 
agents – viruses, bacteria and mycetes 

Panel E
Detailed information about the staff and activities of all Balkan country laboratories should be presented 
in an almanac. Besides, microorganisms of interest for each laboratory should be available after organiza-
tion of a regional bank. 

•	 Edition of “Almanac of Microbiological Laboratories in Balkan Countries”
•	 Establishment of regional bank of microorganisms 

The new management of the Balkan Society for Microbiology for the period 2017 - 2019 will be as 
follows: President: Prof. Angel S. Galabov (Sofia); President-Elect: Prof. Andi Koraqi (Tirana); Former 
President: Prof. Athanassios Tsakris (Athens); Secretary: Prof. Hristo Najdensky (Sofia).

Angel S. Galabov, Maria Angelova, Galina Sachanska 
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Acta Microbiologica Bulgarica

GUIDE FOR AUTHORS

The journal Acta Microbiologica Bulgarica is organ of the Bulgarian Society for Microbiology 
(Union of Scientists in Bulgaria). The journal is continuation of the edited till 1993 journal of the same 
name, cited in Index Medicus and Medline. The new edition is published two times per year. 

Types of articles

The journal publishes editorials, original research works, research reports, reviews, short 
communications, letters to the editor, historical notes, etc from all areas of microbiology. The manuscripts 
should not represent research results which the authors have already published or submitted in other books 
or journals. The papers submitted for publication in Acta Microbiologica Bulgarica are peer-reviewed by 
two experts from the respective scientific field who remain anonymous to the authors.

Article structure

The papers are published in English, accompanied by a bilingual summary (English and Bulgarian). 
The papers should be typed with double-spacing (28-30 lines), on a white paper in A4 format, with 
margins of 3 cm.

The length of the original research paper, including the annexes (tables, figures, etc.) should not 
exceed a signature or printer’s sheet (30,000 signs, that is, 16 pages with 30 lines each) in Times New 
Roman 12. The length of shorter reports should not exceed seven pages.The submitted manuscript must 
contain the name/s and surname/s of the author/s, the name and address of the institution and or organisation 
where it was prepared. The name and address of the corresponding author should be noted. The abstract 
should not exceed 250 words and should represent briefly the goals, methods, main results (with numerical 
data) and basic conclusions of the research.The most essential six keywords must be added to the abstract. 
The manuscript contains the following sections: introduction, materials and methods, results, discussion, 
acknowledgements, references. The introduction must be concise with a clearly defined goal and with 
previous knowledge of the problem. The materials and methods ought to contain sufficient data to enable the 
reader to repeat the investigation without seeking additional information. The results should be presented 
briefly and clearly, and the discussion should explain the results.The measuring units and other technical 
data should be given according to the Sl-system. Illustrations (tables and figures) are submitted separately 
and their places in the text should be clearly indicated. Tables should be given in a separate sheet, numbered 
and above-entitled. The figures must be accompanied by legends in a separate sheet.

Reference style

The references used are cited in the manuscript as follows:
•	 In the case of single author - the author’s surname and the year of publication (Petrov, 2012);
•	 In the case of two authors - the authors surnames and the year of publication (Petrov and Vassileva, 

2013);
•	 In the case of more than two authors - the first author’s surname, at all., and the year of publication 

(Christova et al., 2014).
The references included in the section “References” of the manuscript should be arranged first 
alphabetically and then further sorted chronologically if necessary. More then one reference from the 
same author(s) in the same year must be identified by the letters “a”, “b”, “c”, etc. place after the year of 
publication.
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Examples: 
Reference to a journal publication:
Georgiev, P., V. Simeonov, T. Ivanov (2010). Production of thermostables enzymes. Biotechnol. Biotec. 
Eq. 27: 231-238. 
Reference to a book:
John, R., W. Villiam, G. Wilmington (2011). New approach for purification of enteroviral proteins, in: 
Peterson, K., A. Smith (Eds.), Methods in Proteinology. Elsevier, London, pp. 281-304.
Journal names should be abbreviated according to the List of Title World Abbreviations: 
http://www.issn.org/services/online-services/access-to-the-ltwa/
Manuscripts should be submitted to the Editorial Board of the journal Acta Microbiologica Bulgarica in 
electronic version of the paper to the following address: 
vanianik@mail.bg
The publications in Acta Microbiologica Bulgarica are free of charge. The authors of the manuscripts 
need to cover the costs of printing collared illustrations. 
https://library.caltech.edu/reference/abbreviations/
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